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 Football is not only a fantastic and unique sport with benefi ts in terms of 
cultural diversity, social and ethnic mix, and education; it also has numerous 
positive effects on well-being and health. Many conditions, such as obesity 
and drug addiction, can be combated through the promotion of football activ-
ities. This has recently been recognized by FIFA’s original and promising 
program “FIFA for Health.” The prevention of disease is a key aspect of par-
ticipation in football, and on a related note, some famous players have been 
involved in promoting vaccinations and other actions. 

 On the other hand, it is self-evident that participation in the sport can be 
halted at any moment by a serious injury. For many years, medical doctors, 
physios, coaches, and players have therefore been keen to identify effective 
treatments that will enable return to full sporting activity within the shortest 
possible time. This book identifi es those treatments that are most appropriate 
in different circumstances, providing state-of-the-art descriptions of surgical 
and medical treatment options relating to, for example, particular joints or 
specifi c types of injury. It also addresses two other crucial aspects: prevention 
of injuries and long-term outcomes. When speaking of the “health” of the 
footballer, it is necessary to consider not only the period during which the 
sport is played but the entire lifetime of the player. 

 Taking into account the fact that football is played everywhere in the world 
by males and females and by amateurs and professionals, there is no doubt 
that the management of traumatic injuries, from prevention to treatment and 
return to the pitch, must be performed by educated and informed profession-
als. This book, written by recognized experts and coordinated by an outstand-
ing staff, offers a unique contribution to the current knowledge of sports 
traumatology in football and will be of great practical value.  

         Philippe     Neyret    
Académie Médicale du Football de Lyon,

ISAKOS President,  
 Lyon ,  France     
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 As a past professional footballer and current President of the Italian 
Footballers’ Association, I am naturally interested in all aspects of injuries to 
players, including prevention, treatment, and rehabilitation. During my foot-
balling career I had personal experience of injuries, both minor and very seri-
ous, including one major injury suffered when I was 30. That injury did, 
however, have one positive outcome in that it enabled me to understand the 
consequences of serious injury for the player, including the psychological 
impact, in a way that otherwise would not have been possible. I recovered and 
returned to play with even more energy (if that was possible!) than previ-
ously, but I did so with a particular sensitivity to the disruption that a trau-
matic event can cause to a successful professional career. 

 Within football, injuries are unfortunately a constant and recurring event. 
As an executive and a former professional player, I have observed that the 
limited time devoted to injury prevention is playing an important role in the 
increase in muscle injuries and trauma. Regrettably, sport activity planning 
too rarely takes account of the player as an athlete, being oriented instead to 
the footballer as a showman. Thus the player has more games, including more 
luxury friendly matches, and spends more time touring while devoting less 
time to training, preparation, and recovery – and recovery has been the sub-
ject of our recent conservations with players. In this context, last season we 
produced a short but very informative video on overmedication. Our goal has 
been, and continues to be, to persuade athletes, who are often very young and 
focused on other matters, to take care of their bodies. Each athlete has to work 
with his or her own body, and looking after it properly is the fi rst rule that 
must be followed in order to become a true professional. 

 Excessively hasty return to playing following an injury and the use of 
drugs and therapies to accelerate a return or to enhance the capacity for train-
ing and exercise may have serious repercussions after a professional career is 
over. It is essential both to allow the correct recovery time after a traumatic 
event and to realize the potential long-term impacts of heavy use of drugs and 
“invasive” therapies. 

 This is a hot issue since playing at all costs often appears to be in every-
body’s interest: the player’s, the coach’s, the doctor’s, the supporter’s, and the 
president’s. It is diffi cult but necessary work to gain a suffi ciently deep 
knowledge of the risks and benefi ts of different therapies and approaches, and 
of their contraindications, as a sound basis for decision making. 

   Foreword II   
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 The Italian Footballers’ Association has always been attentive to the issue 
of the health of players, and we are most grateful to Dr. Volpi for his valuable 
work in this fi eld. This publication bears witness to his extremely high levels 
of competence and professionalism. The in-depth analysis in this book, which 
brings together expertise from several countries, is most welcome and should 
signifi cantly raise awareness of issues surrounding the prevention of injuries, 
as well as their evaluation, treatment, and rehabilitation. 

 Finally, I would like to offer a bitter refl ection that may nevertheless also 
offer hope for the future. If we are unable to take care of footballers’ bodies 
through appropriate preventive and rehabilitative strategies, the high number 
of absences of “showmen” players will continue unabated. Perhaps even the 
cynical business interests in the sport will come to realize that impacts are to 
be felt not only on the health of the athlete but also on the quality and profi t-
ability of events. 

    Damiano Tommasi, 
 President, Italian Footballers’ Association,

Vicenza, Italy  

Foreword II
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  Over recent decades, much has been done in football to promote health pro-
tection, particularly in the context of sports trauma prevention. Signifi cant 
progress has been made in sports medicine as applied to football, with the 
introduction of innovative diagnostic tests and therapeutic methods. 
Furthermore, the knowledge of the medical staff of football teams with 
respect to trauma prevention and management has improved signifi cantly. 

 The desire to decrease the incidence of trauma in professional and amateur 
sportspeople refl ects the primary need to preserve their physical integrity and 
health, even after the end of their sporting careers. With regard to football, 
recent data show a constant increase in the frequency and severity of trauma 
during both matches and training. This is particularly true for athletes of 
high-level professional teams due to the pressures of additional national and 
international matches. The high number of matches restricts the opportunity 
for rest between matches and hinders regular and effective training. However, 
similar problems are also reported by footballers who play on a weekly basis. 
Moreover, modern football differs in many respects from football in the past: 
the game is more intense, the players’ movements are faster and more explo-
sive, and their physical structure is more powerful. 

 On the regulatory front, there have been several interesting proposals, for 
instance, to increase the number of substitutions permitted during a match. At 
the same time, early season preparation tends to be too short, with too many 
offi cial engagements. Furthermore, many athletes would prefer a longer winter 
break in order to ensure a proper recovery for the second part of the season. 

 Football needs not only competence and professionalism but also pas-
sion. Only those who love this sport, experience its fascination, rejoice in 
victory, and suffer the inevitable setbacks can express their feelings on the 
fi eld and help football to mature further. Passion will be essential in order to 
innovate and to maintain and defend the values that are the essence of this 
marvellous sport.  

     Piero     Volpi     
  Knee Orthopedics and Sport Traumatology Unit,  

 Humanitas Clinical Institute IRCCS, 
 Milan ,  Italy 

 Head of Medical Staff FC Internazionale Milan, 
 Milan ,  Italy    
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      Epidemiology in Professional 
Footballers 

           Cristiano     Eirale    

        Epidemiology is the science that studies the pat-
terns, causes and effects of health and disease 
conditions in defi ned populations. 

 The study of professional footballers’ injury 
epidemiology has recently gained importance 
due to the high number of players involved and 
the economic interests linked to professional 
football. Injures have a considerable economic 
impact in a club: if we consider that, on average, 
10–15 % of the team is always unavailable due to 
injuries, it becomes clear how we can speculate 
that this percentage of the players’ wages is 
wasted. 

 Moreover, it has been shown that injuries have 
a direct impact on the results [ 1 ,  2 ], therefore 
again an indirect infl uence on the economy of the 
club. 

 The way to reduce injury incidence is called 
prevention. Conducting an injury surveillance 
study is the fundamental fi rst step in order to 
implement an adequate programme of prevention. 

 For these reasons, professional clubs and 
national and international associations have imple-
mented epidemiological researches in professional 
footballers. FIFA (Fédération Internationale de 
Football Association) has implemented surveys 
during its competitions [ 3 – 6 ], while UEFA (Union 

of European Football Associations) has started a 
prospective study on its most important competi-
tion at club level, the UEFA Champions League 
[ 7 ,  8 ]. Some national federations have imple-
mented epidemiological researches as well [ 9 ,  10 ]. 

1.1     Methodology 

 Unfortunately, the results of different researches 
are often incomparable due to the different meth-
odology utilized. 

 The main debatable concept to be considered 
is the injury defi nition. 

 In early studies, reports from emergency 
departments and insurance claims have been uti-
lized. It is clear that these defi nitions have many 
limitations; the most important is that, counting 
only injuries which are referred to a specifi c hos-
pital or for which an insurance claim to a defi nite 
company has been performed, only serious inju-
ries are usually recorded, while minor complains 
are lost. Moreover, the lack of exposure time 
doesn’t allow a calculation of the incidence [ 11 ]. 

 The “medical attention” defi nition focuses on 
those injuries for which the footballers seek the 
help of a clinician. This may help to collect a 
high number of injuries, also the lesions that 
doesn’t oblige the player to stop his activity but 
may have an impact of further injuries or at least 
on his performance. If this defi nition provides a 
wide picture of the impact of the injuries on the 
athletes, it also relies on factors like the 

        C.   Eirale      
  Aspetar – Qatar Orthopedic and Sport 
Medicine Hospital ,   Doha ,  Qatar   
 e-mail: Cristiano.eirale@aspetar.com  
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 availability of medical staff and the players’ pain 
threshold. 

 The time-loss injury defi nition indicates that 
the injury forces the athlete to miss at least a 
future training session or a match [ 12 ]. This defi -
nition is often utilized in the prospective cohort 
studies on football [ 13 ,  14 ], especially at club 
level [ 7 ,  9 ,  15 – 17 ], and therefore it has the advan-
tage that allows the comparison of the results. 
Moreover, this defi nition allows a good identifi -
cation of the injuries impacting the footballer’s 
activity; however, its main limitation is that all 
the injuries, despite which the player continues 
his football activity, are not recorded and there-
fore missed. Since footballers often compete with 
minor injuries [ 18 ], especially overuse in aetiol-
ogy [ 19 ], this defi nition may not offer a correct 
picture of the injury epidemiology in football. 

 In addition to the different defi nitions, also other 
major methodological dissimilarities were present 
in early epidemiological researches, such as the 
exposure and injury data collection modalities. 

 For this reasons, a meeting among experts has 
taken place in 2006 during which guidelines on foot-
ball epidemiological studies were established [ 12 ].  

1.2     Main Challenges 

 An important factor is the reliability of data. 
Football epidemiological studies often require the 
involvement of multiple clubs and therefore clini-
cians with different backgrounds may be involved. 
This can be a source of bias. First, it has to be veri-
fi ed that all participants utilize the same medical 
approach in diagnosis and prognosis. In this view, 
it is better that all clinicians involved in the data 
collection are part of the same professional cate-
gory, for example, sport medicine physicians, 
orthopaedic surgeons or physiotherapists. 
Sometimes, this is not enough because they may 
be part of different medical schools; some studies 
involve teams from all over the world [ 20 ] with an 
undeniable different approach to sport medicine. 

 Another important matter is not only the qual-
ity of the data but also their completeness. 
Prospective studies may last an entire season or 
even more. A continuous supervision is 

 fundamental in order to ensure complete collec-
tion. New technologies such as mobile phones, 
table PC and specifi c softwares 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 utilized, in order to capture at the 
best kinds of injuries and complaints [ 19 ].  

1.3     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, have 
a high economic impact. Actually, this study 
involves more than 20 European top-level foot-
ball clubs from different countries. Each day, 
injury data, together with information on the 
football activity exposure of each player, are col-
lected by the medical staff of these clubs [ 21 ]. 
The results of this survey have been extensively 
published in the scientifi c literature [ 7 ,  22 – 25 ] 
and helped to identify the most common injuries 
and their characteristics. This may favour the 
implementation of prevention programmes at 
club level. 

 Similarly, FIFA is also conducting surveys in 
all its main competitions at male, female and 
youth level [ 3 ,  4 ,  6 ,  20 ,  26 ]. Many national asso-
ciations [ 9 ,  10 ,  27 ,  28 ] have implemented injury 
registries and numerous clubs have developed 
independent injury data for their teams [ 29 ].  

1.4     Injury Incidence 

 It has been estimated that its overall risk of injury 
in football is about 1,000 times higher than for 
typical industrial occupations generally regarded 
as high risk [ 30 ]. 

 Luckily, while in the last three decades the 
training and match volume has increased, the risk 
of injury has not augmented. This is perhaps due 
to the improvement of athlete healthcare and to 

C. Eirale
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the implementation of prevention programmes. 
According to the UEFA Champions League 
injury study, a professional football team can 
expect about 50 time-loss injuries per season, and 
on average, 12 % of the squad is unavailable due 
to injury at any moment of the season [ 31 ]. 
Anyway, on average every player can expect at 
least one injury every season. In terms of inci-
dence, the rate in football is included between 10 
and 35/1,000 match hours, increasing with the 
level of play, especially during matches [ 32 ]. 

 The injury rate increases during tournaments, 
compared with the course of the season. This is cer-
tainly due to the higher match exposure but possi-
bly also to other factors like psychological pressure 
and fatigue. These risk factors, however, have still 
to be confi rmed by the scientifi c evidence. 

 At club level, it has been reported a higher 
incidence of injuries, especially overuse in aetiol-
ogy, at the beginning of the season. This may be 
due to the fact that players may not have reached 
optimal physical and physiological states at that 
time [ 27 ]. 

 The debate about possible differences in 
injury rates between positions in the fi eld is still 
open. It seems that strikers have a higher injury 
rate than midfi elder and defenders [ 33 ]. However, 
other researches showed a higher rate in defend-
ers [ 34 ] and midfi elders [ 35 ]. Most of the studies 
show a lower incidence in goalkeepers, compared 
with fi eld players [ 36 ].  

1.5     Match and Training 
Injury Rates  

 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 to the higher amount and 
energy of duels and impacts. Other factors like the 
pressure of the results, fair play and psychological 
and environmental factors should be taken into 
consideration. It has to be also considered how 
there is no possibility, during matches, of seeking 
medical care if not for a few minutes, while during 
training injuries may be evaluated more carefully 
by the medical staff and preventive player changes 

can be performed. In particular, the last 15 min of 
each half is the period in which players are most 
vulnerable to injuries and fatigue plays probably a 
major role in this.  

1.6     Reinjuries 

 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 consid-
ered as a medical staff performance indicator. In 
effect, 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 [ 7 ,  13 , 
 14 ,  27 ,  28 ]. Frequently, reinjuries are generally 
associated with higher severity (return to play 
time) compared with fi rst injuries. This, together 
with the relatively high incidence, underlines the 
importance of the utilization 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 lay-
off time of the athletes).  

1.7     Types and Locations 
of Injury 

 In epidemiological studies based on a time-loss 
defi nition of injuries, the most common injury loca-
tion is the thigh, followed by the knee, groin and 
ankle, while the most common type of injury is 
strain, followed by contusion and sprain [ 31 ]. When 
considering medical attention injuries, contusions 
are the most common type of injuries. However, a 
contusion seldom obliges a player to stop his sport 
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activity; therefore they are less recorded in studies 
utilizing a time-loss defi nition. This example high-
lights the importance of choosing an appropriate 
injury defi nition in according with the sport and the 
environment. Also, it is fundamental to interpret the 
results of any epidemiological study in according 
with the chosen defi nition. 

 Hamstring strains are the most common sub-
type of injuries and a typical 25-player team can 
expect about seven hamstring strains per season 
[ 23 ,  31 ]. It is therefore evident how, like in many 
other sports, many efforts are focused on the pre-
vention and treatment of this injury. 

 Despite their relative low incidence (<1 % of all 
injuries), anterior cruciate ligament (ACL) rup-
tures are the most attention-drawing pathology in 
football due to the long absence from sport activity 
that they imply. Nowadays, in football, 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, progress in sport surgery and reha-
bilitation has led to a return-to-football outcome 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 [ 37 ]. This may indicate knee 
abuse due to the absolute necessity of professional 
footballers of returning to play [ 38 ]. 

 The hip and the groin are normally the third- 
fourth most common injury location in prospec-
tive epidemiological studies based on a time-loss 
injury defi nition [ 9 ,  31 ]. It seems that the real 
magnitude of the problem has been underesti-
mated so far, due to the relatively diffi cult diag-
nosis 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 underestimated 
in researches based on a time-loss injury defi ni-
tion [ 19 ]. In the UEFA Champions League study, 
an average of seven groin injuries per team per 
season has been estimated [ 39 ], but, for the 
above-mentioned reasons, this may be only the 
tip of the iceberg. In fact, it is well known among 
clinicians that the groin pain syndrome is often a 
diffi cult pathology to be treated, frequently 
requiring long treatments and an appropriate 

management of training and match loading, in 
other words, an impacting lesion in football, no 
matter what statistics may show. 

 The ankle is the most common injury location 
in many sports [ 40 ]. While fi rst football epidemio-
logical researches performed in the eighties were 
reporting that the ankle was the most common 
location of injury (around 30 % of total number of 
injuries), more recent researches show a much infe-
rior incidence rate [ 8 ]. This decreasing trend can be 
the result 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 an example of the 
possibility of reducing injuries in football.  

1.8     Overuse and Traumatic 
Injuries 

 In according with their aetiology, injuries are 
classifi ed in overuse and traumatic. For overuse 
injuries a specifi c moment in which the injury 
occurred cannot be identifi ed [ 41 ]. There is evi-
dence that overuse football injuries have a higher 
incidence during the preseason. This is probably 
due to the increased workload. For what concern 
other periods of the season, different trends of 
seasonality are linked to different regions and 
their specifi c environmental conditions.  

1.9     Injury Trends 

 If the injury rate has decreased for ligament inju-
ries, overall training, match injury rates and the 
rates of muscle injury and severe injury have not 
been reduced [ 8 ]. It is diffi cult to understand the 
reasons of this; theoretically the increasing num-
ber of evidence-based prevention programmes 
should be a crucial tool in the hands of the clini-
cians. This may be due to the increasing demands 
on footballers (higher numbers of season games, 
higher intensity) or possibly to the diffi culties in 
implementing such programmes at elite level.  

C. Eirale
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1.10     Women Football 

 Women’s football has gained more and more 
prominence in the last years. The number of par-
ticipants has quickly increased 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 pathol-
ogies [ 42 ]. Female players are particularly more 
vulnerable for ACL injuries. It has been esti-
mated that the risk is two to three times higher 
than their male counterparts. Females also tend to 
sustain their ACL injury at a younger age and 
have a higher risk of injury especially during 
match play, while no signifi cant gender-related 
variation has been described during training ses-
sions [ 42 ]. These data have provided the basis for 
an extensive scientifi c research on the prevention 
for ACL injury in female footballers [ 42 ,  43 ].  

1.11     Youth Football 

 Young footballers’ injuries are more overuse in 
aetiology compared with adults. Of vital impor-
tance seems to be a strict training load monitor-
ing. The huge differences in growth between 
subjects and the unpreparedness to too intense 
training loads may be a serious risk factor [ 44 –
 47 ]. Female players tend to suffer more knee- 
related injuries, while males are more prone to 
ankle injuries. Common pathologies are Sever 
and Osgood-Schlatter diseases.  

1.12     Infl uence of the Medical 
Staff on Injuries 

 Epidemiological data highlight the importance of 
the medical staff, whose role in many clubs and 
federations is still undervalued. The impact on pre-
vention of injuries and reinjuries may be notable. 

 Often, investments on medical personnel and 
equipment are still overlooked, even in 

 professional football, and there is debate on the 
methods of medical staff recruitment and its 
effective impact on the economy of the clubs 
[ 48 ]. It has been already stated at the beginning 
of the chapter that injury rates are correlated with 
the results of the clubs [ 1 ,  2 ]: this should lead 
professional football managers to carefully eval-
uate the possibility of providing their athletes 
with the best medical care, not only to preserve 
their health but also with the ultimate purpose of 
infl uencing the team performance.     
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      Epidemiology in Young 
Football Players 

           Oliver     Faude      and     Roland     Rössler    

2.1            Introduction 

 Football is the most popular sport worldwide [ 1 ]. 
There is growing evidence that playing football is 
benefi cial for cardiovascular and neuromuscular 
fi tness and health during the whole lifespan [ 2 – 4 ]. 
Thus, playing football has a great potential to 
support a healthy lifestyle and to contribute to 
public health. Football is a high-intensity sport 
with many changes in movement direction and 
velocity and many situations of direct contact 
between players. Thus, there is a high risk to sus-
tain an injury. These harmful side effects have to 
be considered when the health benefi ts of playing 
football were assessed. Efforts have to be made 
to reduce the risk of injury [ 5 ]. 

 Fifty-eight percent (22 out of 38 million) of all 
offi cially registered football players worldwide 
are under the age of 18 years [ 1 ]. Thus, effective 
prevention of injuries in youth football results in 
a relevant direct benefi t for a large number of 
young players. Furthermore, injuries in young 
athletes can lead to a reduction in current and 
future sports participation [ 6 ,  7 ]. Injuries as well 
as insuffi cient physical activity are associated 
with a large economic burden and the utilization 
of medical, fi nancial, and human resources [ 7 ,  8 ]. 

Therefore, successful injury prevention starting 
early in life is also relevant from a long-term pub-
lic health perspective. 

 The fi rst step in sports injury prevention is to 
establish the extent of the injury problem [ 9 ,  10 ]. 
Epidemiological data on football injuries are the 
basis to developing successful injury prevention 
programs. A large amount of research has been 
done on injury epidemiology in adult and high- 
level football [ 11 – 14 ]. In addition, injury preven-
tion programs have been developed and evaluated 
in adolescent and adult players of both sexes and 
particularly in adolescent female players target-
ing severe knee injuries [ 11 ,  15 – 18 ]. 

 The present overview is based on a previous 
systematic review on football injuries in children 
and adolescent players [ 19 ]. The objectives of 
this review were to describe the current scientifi c 
data on football injuries in players younger than 
19 years of age. We analyzed prospective cohort 
studies on injuries in youth players and addition-
ally population-based descriptive surveys from 
emergency departments. These data may build a 
basis to develop promising injury prevention pro-
grams in children’s and youth football.  

2.2     Injury Incidence 
and Prevalence 

 Most available data are related to players aged 
between 13 and 19 years. Studies reporting data 
for younger age groups are rare. Overall injury 
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incidence was between 2 and 7 injuries per 
1,000 h of exposure. Whereas incidence in train-
ing was usually low between 1 and 5 injuries per 
1,000 h, match incidence was higher by a factor 
of 3–6 and tended to increase with age. In the 
oldest players match incidence reached values 
which are similar to adult football. Only few 
studies analyzed injuries in youth players of the 
highest level of play [ 20 – 23 ]. Reported injury 
incidences in high-level players were within the 
upper range of those observed in players of sub- 
elite level. Sex differences in injury incidence 
were not obvious. Similarly, data on possible dif-
ferences between playing football outdoors and 
indoors are rare, and no conclusive statement is 
possible at the moment. 

 This summary is based on average values from 
a large number of studies. Few single investiga-
tions reported considerably higher (51.7 injuries 
per 1,000 match hours [ 24 ]) or lower (1.5 injuries 
per 1,000 match hours [ 25 ]) incidences. Such 
large discrepancies are probably due to method-
ological differences between studies, for instance, 
regarding injury defi nition, data collection strate-
gies, or observation period. Although there exists 
a consensus on methodological issues in studies 
on football injuries [ 26 ], its application in chil-
dren and adolescents is to some extent limited as 
standardized injury surveillance, particularly for 
minor injuries, as well as documentation of foot-
ball exposure is complicated [ 19 ]. 

 Having a closer look on data from population- 
based approaches which analyzed injuries from a 
large number of emergency room visits in North 
America [ 27 – 29 ] may result in a broader per-
spective of the injury problem associated with 
playing football. Although minor injuries which 
are usually the most frequent ones are missed in 
such analyses, this approach allows for a broad 
overview of severe injuries and their exact diag-
nosis. The majority of football injuries (about 
60 %) presented to emergency departments 
resulted from unorganized football [ 27 ]. Injury 
rates were reported to be on average between 1.5 
and 2.5 injuries per 1,000 children per year [ 28 , 
 29 ] or between 6 and 7.6 annual injuries per 
1,000 children participating in football [ 29 ].  

2.3     Injury Characteristics 

 Information on the characteristics of injuries is 
also important from an injury prevention per-
spective (for summary, see Table  2.1 ). As chil-
dren and adolescents are not miniature adults and 
growth spurts and maturation may relevantly 
affect injury events, it is of particular importance 
to obtain valid data on injury characteristics for 
all age groups in youth football.

2.3.1       Mechanisms of Injury 

 About half of all injuries in youth football are 
contact injuries, i.e., players had contact with an 
opponent or with an object (e.g., ball, ground, or 
posts). Whereas contact injuries occur mostly 
during match play, the incidence of noncontact 
injuries is higher during practice sessions. An 
interesting observation is that injuries resulting 
from player-to-player contact increase with age, 
whereas contact with an object becomes less rel-
evant in older youth players [ 27 ]. 

 About three quarters of all injuries are caused 
by a single traumatic event, whereas the remaining 
injuries resulted from repetitive microtrauma 
(overuse injuries). Traumatic injuries tend to be 
more frequent during matches [ 30 ,  31 ]. Recurrence 
rates are reported to be between 3 % and 19 % of 
all injuries. These numbers are very similar to 
those observed in adult football players.  

2.3.2     Location of Injury 

 As well as in adult players, injuries in youth play-
ers also occur most often at the lower extremities 
(nearly 80 % of all injuries) with the ankle, knee, 
and thigh being mostly affected. Half of the 
remaining injuries are located at the trunk 
(including back complaints). Injuries to the upper 
extremities as well as to the head/face are less 
frequent. Although not very frequent, head inju-
ries may have serious consequences for an indi-
vidual, particularly regarding the long-term 
development of central nervous system structure 
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and functioning (see also Sect.  2.4.4 ). An inter-
esting and important observation is that upper 
body injuries are more frequent during match 
play (nearly one third of all match injuries) [ 19 ]. 
Particularly, the number of injuries to the upper 
limbs (nearly 15 %) as well as to the head (up to 
17 % of all injuries [ 32 ]) can be increased during 
games. 

 An interesting observation in youth players is 
that the proportion of upper body injuries 
decreases with increasing age. Studies analyzing 
players younger than 15 years [ 22 ,  33 ,  34 ] 
revealed that 20–29 % of all injuries were located 
to the upper body, whereas this proportion was 
between 11 % and 21 % in players older than 14 
years [ 21 ,  23 ,  35 – 37 ]. This is mainly due to a dif-
ference in injuries to the upper limbs and, partic-
ularly, to fractures of the arm, wrist, or hand. A 
decrease in the proportion of fractures with 
increasing age has also been reported in other 
studies [ 27 ,  28 ,  38 ]. It might be hypothesized that 
less developed coordination skills and less play-
ing experience increase the likelihood of falls. In 
conjunction with skeletal immaturity, this may 
result in an increased frequency of fractures to 
the upper limbs [ 27 ].  

2.3.3     Type of Injury 

 As in adult football the most common injury types 
in youth football are contusions, joint–ligament 
injuries (sprains), and muscle–tendon injuries 
(strains). When looking particularly on those stud-
ies which analyzed boys and girls separately, it 
seems that sprains were comparably frequent to 
strains in boys (each 15–30 %) [ 22 ,  33 ,  36 ,  39 ,  40 ], 
whereas girls suffered from a higher proportion of 
sprains (about 35 % vs. 20 % strains) [ 21 ,  35 ,  37 , 
 41 ]. There is evidence that the proportion of sprains 
and strains increases with age [ 27 ,  38 ,  39 ,  42 ]. One 
study showed that the proportion of sprains 
increased with age in girls, whereas the proportion 
of strains increased particularly in boys [ 42 ]. 

 Fractures and concussions are less frequent, 
but such injuries may have serious consequences. 
There is evidence that the risk of sustaining a 
fracture or a concussion is higher during match 

play [ 43 ,  44 ]. The severity of these injury types is 
underlined by data from American emergency 
departments. Fractures and dislocations contrib-
uted to 23–31 % of all injuries resulting in pre-
sentation to an emergency room [ 45 ]. Fractures 
and sprains were the most frequent injuries lead-
ing to layoff times of more than 3 weeks [ 45 ]. 
Interestingly, there was also a sex difference with 
boys incurring more fractures (42 vs. 22 %) and 
fewer sprains (24 vs. 46 %) than girls, and the 
proportion of knee injuries in girls was twice as 
high as in boys (50 vs. 23 %) [ 45 ]. 

 A particular problem in youth football is 
growth-related conditions, such as osteochondral 
disorders with Osgood–Schlatter and Sever’s dis-
ease being the most prominent ones [ 20 ,  22 ,  46 ] 
(see also Sect.  2.4.3 ). A French study group 
found that Osgood–Schlatter disease was together 
with fractures the most common major injury in 
elite youth players [ 20 ,  22 ].  

2.3.4     Severity of Injury and Return 
to Play 

 The severity of injuries is usually assessed by the 
number of days players are not able to fully take 
part in training and/or match play [ 26 ]. In youth 
football, match and training schedules are often 
not as tight and consistent as in adult football, 
and thus, particularly the proportion of mild inju-
ries with short layoff times might be underesti-
mated when this approach is applied. 
Nevertheless, fi gures on injury severity are very 
similar as compared to adult players. About half 
of all time-loss injuries lead to an absence 
between 1 day and 1 week, one third is of moder-
ate severity (absence between 1 week and 1 
month), and 10–15 % of all injuries are severe 
(layoff more than 1 month). The average layoff 
time per injury is about 15 days [ 19 ]. 

 From those injuries which are presented to 
emergency departments, up to 5 % result in hos-
pitalization and/or surgery [ 27 – 29 ,  44 ] with a 
higher risk for hospitalization and/or surgery in 
boys as compared to girls [ 27 ,  29 ] and for match 
injuries than for training injuries [ 27 ,  44 ]. Most 
of those injuries concerned the head/face, the 
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neck, or the trunk [ 27 ]. The number of fatal acci-
dents while playing football has been estimated 
being about 5 per 100,000 accidents presented to 
emergency rooms [ 29 ].   

2.4     Injury Types of Particular 
Relevance in Youth Football 

 Some types of injury need to be particularly con-
sidered as they are very frequent and/or have 
severe consequences for an individual pediatric 
athlete either in the short (long layoff times) or 
the long term (adverse effects on physical or cog-
nitive development). The following chapters 
summarize the major issues with regard to these 
types of injuries. 

2.4.1     Strains and Sprains 

 In adolescent players strains and sprains are simi-
larly frequent as it is known from adult football. 
Ligament injuries usually occur at the knees and 
ankles, whereas muscle injuries most often con-
cern the thigh and, particularly, hamstring mus-
cles. Ligament ruptures and muscle tears often 
result in long layoff times. It has been repeatedly 
observed in adult players that, for instance, previ-
ous ankle or knee ligament injuries as well as 
muscle injuries are among the most important 
predictors of future injuries of the same type. To 
avoid a cascade of recurrent sprains and/or 
strains, injury prevention should begin at an early 
age. To date, there is convincing evidence from 
studies in adolescents and adults that sprains and 
strains can be prevented by appropriate interven-
tion programs [ 47 ]. 

 The most important and serious ligament 
injury in football is a rupture of the anterior cru-
ciate ligament (ACL). ACL injuries are particu-
larly frequent in adolescent girls and typically 
lead to layoff times of about half a year and may 
potentially result in serious long-term conse-
quences, for instance, pain and functional impair-
ments due to early osteoarthritis. Therefore, it is 
of particular importance to early prevent ACL 
injuries. This issue was a major topic of scientifi c 

research during the last two decades. The major-
ity of ACL injuries result from noncontact situa-
tions [ 14 ]. Several studies have dealt with 
possible prevention programs. Most of them have 
proven benefi cial. A recent meta-analysis showed 
that about 70 % of all knee injuries (most studies 
focusing on ligament and ACL sprains) can be 
prevented by appropriate neuromuscular training 
in young female players [ 47 ].  

2.4.2     Fractures 

 In young athletes fractures are more frequent as 
compared to adolescents or adults. Fractures are 
among the most frequent severe injuries in youth 
football. Children are particularly vulnerable to 
shearing injuries at the growth plates at the epiphy-
seal–metaphyseal junction [ 48 ]. Such physeal 
injuries might have considerable long- term conse-
quences for children and, thus, prevention of these 
injuries is of particular importance. For instance, 
growth plate injuries can result in disturbed phy-
seal growth and, in consequence, in limb length 
discrepancies, angular deformity, or altered joint 
mechanics. Also, osteoarthritis may be caused by 
growth plate injuries [ 48 ]. As particularly goal-
keepers are prone to fractures of the upper limbs 
(own unpublished data in 7–12-year-old children), 
prevention should also focus on this playing posi-
tion. Preventive programs may include the learn-
ing of fall techniques as it is established in martial 
arts. There is evidence that teaching specifi c land-
ing skills can potentially reduce fall-related inju-
ries in junior Australian rules football [ 49 ].  

2.4.3      Overuse Complaints Related 
to Growth and Maturation 

 Osteochondral disorders are overuse injuries 
which are common among growing children [ 50 , 
 51 ]. Usually, such complaints occur with a grad-
ual onset and worsen with exercise, particularly 
while running, jumping, and/or kneeling. 
Therefore, these injuries are common in high- 
impact sports like football. Complaints are usu-
ally relieved during rest periods. It is speculated 
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that recurrent shear stress at the bone–growth 
plate interfaces results in multiple small avulsion 
fractures at tendon–bone junctions. In child and 
adolescent athletes, this occurs frequently at the 
calcaneal (Sever’s disease) or tibial apophysis 
(Osgood–Schlatter syndrome). These osteochon-
dral disorders are more common among boys as 
compared to girls. Whereas Sever’s disease usu-
ally occurs at the beginning of puberty in the 
under-11 age group, Osgood–Schlatter peaks 
during later stages of puberty (about 12 years in 
girls, up to an age of 15 years in boys). 

 Such complaints are usually self-limiting and 
have a good prognosis. Commonly, pain is pres-
ent for 2–3 months, but it can last up to 2 years. 
Severe long-term consequences are very seldom; 
however, a relevant problem might develop as the 
layoff times are usually associated with sports 
reduction or complete cessation. Cessation is 
only necessary in case of severe exercise-induced 
pain. A graded reduction of training duration, 
frequency, and intensity may allow for a recovery 
of the complaints in most instances. In high- 
impact sports like football, it might be advisable 
to change some running or jumping exercises by 
non-weight-bearing alternatives. This procedure 
can be assisted by the application of ice/cryother-
apy for pain management and physical therapy 
including stretching and strengthening exercises 
to reduce muscle imbalances [ 50 ,  51 ].  

2.4.4      Head Injuries 
and Concussions 

 Head injuries and, particularly, concussions are 
serious and potentially catastrophic. Pediatric 
concussions are generally considered a public 
health concern [ 48 ]. In youth football, the fre-
quency of head/face injuries is greatest during 
match play. The frequency of concussion varies 
between 1 % and 7 % [ 19 ]. Harmon et al. esti-
mated that 3.8 million sports-related concussions 
occur in the USA every year with a large amount 
of unreported concussions [ 52 ]. In gender- 
comparable sports the concussion rate was 
reported to be about 70 % higher in girls as com-
pared to boys [ 53 ]. 

 Typical symptoms of concussions are head-
ache, nausea, dizziness, concentration and mem-
ory diffi culties, sleep disturbances and/or 
confusion, and emotional lability [ 48 ,  54 ]. 
Symptoms and management of concussions in 
adolescents down to the age of 13 years are simi-
lar to those of adults. In children younger than 13 
years, symptoms may be more subtle and are 
reported differently from children than from 
adults (e.g., abdominal pain or behavioral 
changes) [ 48 ,  54 ]. Symptoms typically last 7–10 
days, but may be present for weeks to months. 
Sim et al. observed that high school athletes 
showed longer memory dysfunction after a con-
cussion as compared to college students [ 55 ]. In 
general, recovery from concussion in children 
and adolescents usually takes longer and injury 
management and return to play should be  handled 
more cautiously [ 54 ]. 

 Direct impacts to the head or to the body which 
transmit forces to the brain can potentially cause 
concussions. Most concussions result from 
player-to-player contact or from contact with the 
playing surface [ 56 ]. In addition, there might be 
danger that brain injuries can result from heading. 
O’Kane et al. observed in 11–14-year-old female 
football players that nearly one third of the 
reported concussions resulted from heading [ 56 ]. 
It has to be emphasized that nearly 60 % of those 
girls continued playing with symptoms. In addi-
tion, Janda et al. evaluated the effect of repetitive 
head impacts due to heading on cognitive func-
tion in a cohort of 11.5-year-old football players 
and observed that the number of ball impacts was 
inversely related to verbal learning [ 57 ].   

2.5     Conclusions and Potential 
for Injury Prevention 

 Injury incidence in youth football increases with 
age, reaching values known from adult football in 
the oldest age categories. Injury characteristics in 
adolescent players are comparable to adults. 
Thus, it seems reasonable that prevention pro-
grams proven benefi cial in adults are also effi ca-
cious in youth football players. A recent 
meta-analysis showed that exercise-based injury 
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prevention programs have the potential to reduce 
overall injury rate in organized youth sports by an 
average of 46 % [ 47 ]. When a prevention pro-
gram focuses on a particular type of injury (e.g., 
knee sprains), the preventive effect tends to be 
even greater. Poor compliance seems to be a 
major factor compromising the effi cacy of pre-
vention programs [ 58 ,  59 ]. 

 Although injury incidence is lower in younger 
players, injury prevention in these age groups 
seems of particular importance as most youth 
players are younger than 15 years of age. Injury 
characteristics in (pre)pubescent players seem to 
differ from adolescent and adult footballers. 
Younger players have more fractures but fewer 
strains and sprains. The upper body and, particu-
larly, the upper limbs are more frequently affected. 
Growth-related conditions as well as skeletal and 
coordinative complaints associated with matura-
tion are age-specifi c injury characteristics during 
pubertal stages. Data on injury in prepubertal chil-
dren is nearly completely missing. Injury preven-
tion programs particularly tailored for children 
before and during puberty based on the specifi c 
needs and characteristics in these age groups need 
to be developed and evaluated.     

  Acknowledgment   The Ph.D. studies of Roland Rössler 
on the “Epidemiology of Football Injuries in Youth 
Players” were fi nancially supported by FIFA.  

   References 

     1.   FIFA Communications Division (2007) FIFA big count 
2006: 270 million people active in football. Zurich  

    2.    Krustrup P, Christensen JF, Randers MB, Pedersen H, 
Sundstrup E et al (2010) Muscle adaptations and per-
formance enhancements of soccer training for 
untrained men. Eur J Appl Physiol 108:1247–1258  

   3.    Krustrup P, Hansen PR, Andersen LJ, Jakobsen MD, 
Sundstrup E et al (2010) Long-term musculoskeletal 
and cardiac health effects of recreational football and 
running for premenopausal women. Scand J Med Sci 
Sports 20(Suppl 1):58–71  

    4.    Faude O, Kerper O, Multhaupt M, Winter C, Beziel K 
et al (2010) Football to tackle overweight in children. 
Scand J Med Sci Sports 20(Suppl 1):103–110  

    5.    Verhagen E, Bolling C, Finch CF (2015) Caution this 
drug may cause serious harm! Why we must report 
adverse effects of physical activity promotion. Br J 
Sports Med 49:1–2  

    6.    Maffulli N, Longo UG, Gougoulias N, Loppini M, 
Denaro V (2010) Long-term health outcomes of youth 
sports injuries. Br J Sports Med 44:21–25  

     7.    Maffulli N, Longo UG, Gougoulias N, Caine D, 
Denaro V (2011) Sport injuries: a review of outcomes. 
Br Med Bull 97:47–80  

    8.    Collard DC, Verhagen EA, van Mechelen W, Heymans 
MW, Chinapaw MJ (2011) Economic burden of phys-
ical activity-related injuries in Dutch children aged 
10–12. Br J Sports Med 45:1058–1063  

    9.    Bahr R, Krosshaug T (2005) Understanding injury 
mechanisms: a key component of preventing injuries 
in sport. Br J Sports Med 39:324–329  

    10.    van Mechelen W, Hlobil H, Kemper HC (1992) 
Incidence, severity, aetiology and prevention of sports 
injuries. A review of concepts. Sports Med 14:82–99  

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

   12.    Junge A, Dvorak J, Graf-Baumann T, Peterson L 
(2004) Football injuries during FIFA tournaments and 
the Olympic Games, 1998–2001: development and 
implementation of an injury-reporting system. Am J 
Sports Med 32:80S–89S  

   13.    Ekstrand J, Hagglund M, Walden M (2011) Injury 
incidence and injury patterns in professional football: 
the UEFA injury study. Br J Sports Med 45:553–558  

     14.    Faude O, Junge A, Kindermann W, Dvorak J (2005) 
Injuries in female soccer players: a prospective study 
in the German national league. Am J Sports Med 
33:1694–1700  

    15.    Junge A, Lamprecht M, Stamm H, Hasler H, Bizzini 
M et al (2011) Countrywide campaign to prevent soc-
cer injuries in Swiss amateur players. Am J Sports 
Med 39:57–63  

   16.    Steffen K, Emery CA, Romiti M, Kang J, Bizzini M 
et al (2013) High adherence to a neuromuscular injury 
prevention programme (FIFA 11+) improves func-
tional balance and reduces injury risk in Canadian 
youth female football players: a cluster randomised 
trial. Br J Sports Med 47:794–802  

   17.    Mandelbaum BR, Silvers HJ, Watanabe DS, Knarr JF, 
Thomas SD et al (2005) Effectiveness of a neuromus-
cular and proprioceptive training program in  preventing 
anterior cruciate ligament injuries in female athletes: 
2-year follow-up. Am J Sports Med 33:1003–1010  

    18.    Walden M, Atroshi I, Magnusson H, Wagner P, 
Hagglund M (2012) Prevention of acute knee injuries 
in adolescent female football players: cluster ran-
domised controlled trial. BMJ 344:e3042  

         19.    Faude O, Rössler R, Junge A (2013) Football injuries 
in children and adolescent players: are there clues for 
prevention? Sports Med 43:819–837  

      20.    Le Gall F, Carling C, Reilly T (2007) Biological 
maturity and injury in elite youth football. Scand J 
Med Sci Sports 17:564–572  

     21.    Le Gall F, Carling C, Reilly T (2008) Injuries in 
young elite female soccer players: an 8-season pro-
spective study. Am J Sports Med 36:276–284  

       22.    Le Gall F, Carling C, Reilly T, Vandewalle H, Church 
J et al (2006) Incidence of injuries in elite French 

2 Epidemiology in Young Football Players



18

youth soccer players: a 10-season study. Am J Sports 
Med 34:928–938  

     23.    Müller-Rath R, Schmidt C, Mumme T, Andereya S, 
Miltner O (2006) The injury pattern following the 
introduction of the junior premier league in Germany 
compared to professional senior football (soccer). 
Sportverletz Sportschaden 20:192–195  

    24.    McNoe BM, Chalmers DJ (2010) Injury in 
community- level soccer: development of an injury 
surveillance system. Am J Sports Med 38:2542–2551  

    25.    Emery CA, Meeuwisse WH, Hartmann SE (2005) 
Evaluation of risk factors for injury in adolescent soc-
cer: implementation and validation of an injury sur-
veillance system. Am J Sports Med 33:1882–1891  

     26.    Fuller CW, Ekstrand J, Junge A, Andersen TE, Bahr R 
et al (2006) Consensus statement on injury defi nitions 
and data collection procedures in studies of football 
(soccer) injuries. Br J Sports Med 40:193–201  

             27.    Giannotti M, Al-Sahab B, McFaull S, Tamim H (2011) 
Epidemiology of acute soccer injuries in Canadian 
children and youth. Pediatr Emerg Care 27:81–85  

     28.    Adams AL, Schiff MA (2006) Childhood soccer inju-
ries treated in U.S. emergency departments. Acad 
Emerg Med 13:571–574  

         29.    Leininger RE, Knox CL, Comstock RD (2007) 
Epidemiology of 1.6 million pediatric soccer-related 
injuries presenting to US emergency departments 
from 1990 to 2003. Am J Sports Med 35:288–293  

    30.    Schmidt-Olsen S, Bunemann LK, Lade V, Brassoe JO 
(1985) Soccer injuries of youth. Br J Sports Med 
19:161–164  

    31.    Rosenbaum DA, Silvis ML, Williams JE, Davis SW 
(2009) Variation in injury risk over the course of a two-
day youth club soccer tournament. Inj Prev 15:266–269  

    32.    Maehlum S, Dahl E, Daljord O (1986) Frequency of 
injuries in a youth soccer tournament. Phys Sportsmed 
14:73–79  

     33.    Kakavelakis KN, Vlazakis S, Vlahakis I, Charissis G 
(2003) Soccer injuries in childhood. Scand J Med Sci 
Sports 13:175–178  

    34.    Schiff MA (2007) Soccer injuries in female youth 
players. J Adolesc Health 40:369–371  

     35.    Steffen K, Andersen TE, Bahr R (2007) Risk of injury 
on artifi cial turf and natural grass in young female 
football players. Br J Sports Med 41(Suppl 1):i33–i37  

    36.    Junge A, Cheung K, Edwards T, Dvorak J (2004) 
Injuries in youth amateur soccer and rugby players–
comparison of incidence and characteristics. Br J Sports 
Med 38:168–172  

     37.    Söderman K, Adolphson J, Lorentzon R, Alfredson H 
(2001) Injuries in adolescent female players in European 
football: a prospective study over one outdoor soccer 
season. Scand J Med Sci Sports 11:299–304  

     38.    Berger-Vachon C, Gabard G, Moyen B (1986) Soccer 
accidents in the French Rhone-Alpes soccer associa-
tion. Sports Med 3:69–77  

     39.    Brito J, Malina RM, Seabra A, Massada JL, Soares 
JM et al (2012) Injuries in Portuguese youth soccer 

players during training and match play. J Athl Train 
47:191–197  

    40.    Inklaar H, Bol E, Schmikli SL, Mosterd WL (1996) 
Injuries in male soccer players: team risk analysis. Int 
J Sports Med 17:229–234  

    41.    Soligard T, Myklebust G, Steffen K, Holme I, Silvers 
H et al (2008) Comprehensive warm-up programme 
to prevent injuries in young female footballers: cluster 
randomised controlled trial. BMJ 337:a2469  

     42.    Froholdt A, Olsen OE, Bahr R (2009) Low risk of 
injuries among children playing organized soccer: a 
prospective cohort study. Am J Sports Med 37:
1155–1160  

    43.    Yard EE, Schroeder MJ, Fields SK, Collins CL, 
Comstock RD (2008) The epidemiology of United 
States high school soccer injuries, 2005–2007. Am J 
Sports Med 36:1930–1937  

      44.    Rechel JA, Yard EE, Comstock RD (2008) An epide-
miologic comparison of high school sports injuries 
sustained in practice and competition. J Athl Train 
43:197–204  

      45.    Darrow CJ, Collins CL, Yard EE, Comstock RD 
(2009) Epidemiology of severe injuries among United 
States high school athletes: 2005–2007. Am J Sports 
Med 37:1798–1805  

    46.    Price RJ, Hawkins RD, Hulse MA, Hodson A (2004) 
The football association medical research programme: 
an audit of injuries in academy youth football. Br J 
Sports Med 38:466–471  

      47.    Rössler R, Donath L, Verhagen E, Junge A, 
Schweizer T et al (2014) Exercise-based injury pre-
vention in child and adolescent sport: a systematic 
review and meta-analysis. Sports Med 44:1733–1748  

        48.    Caine D, Purcell L, Maffulli N (2014) The child and 
adolescent athlete: a review of three potentially seri-
ous injuries. BMC Sports Sci Med Rehabil 6:22  

    49.    Scase E, Cook J, Makdissi M, Gabbe B, Shuck L 
(2006) Teaching landing skills in elite junior 
Australian football: evaluation of an injury prevention 
strategy. Br J Sports Med 40:834–838, discussion 838  

     50.    Gholve PA, Scher DM, Khakharia S, Widmann RF, 
Green DW (2007) Osgood schlatter syndrome. Curr 
Opin Pediatr 19:44–50  

     51.    Hendrix CL (2005) Calcaneal apophysitis (Sever dis-
ease). Clin Podiatr Med Surg 22:55–62, vi  

    52.    Harmon KG, Drezner JA, Gammons M, Guskiewicz 
KM, Halstead M et al (2013) American medical soci-
ety for sports medicine position statement: concus-
sion in sport. Br J Sports Med 47:15–26  

    53.    Marar M, McIlvain NM, Fields SK, Comstock RD 
(2012) Epidemiology of concussions among United 
States high school athletes in 20 sports. Am J Sports 
Med 40:747–755  

      54.    McCrory P, Meeuwisse WH, Aubry M, Cantu B, 
Dvorak J et al (2013) Consensus statement on concus-
sion in sport: the 4th international conference on con-
cussion in sport held in Zurich, November 2012. Br J 
Sports Med 47:250–258  

O. Faude and R. Rössler



19

    55.    Sim A, Terryberry-Spohr L, Wilson KR (2008) 
Prolonged recovery of memory functioning after mild 
traumatic brain injury in adolescent athletes. J Neurosurg 
108:511–516  

     56.    O’Kane JW, Spieker A, Levy MR, Neradilek M, Polissar 
NL et al (2014) Concussion among female middle-
school soccer players. JAMA Pediatr 168:258–264  

    57.    Janda DH, Bir CA, Cheney AL (2002) An evaluation of 
the cumulative concussive effect of soccer heading in 
the youth population. Inj Control Saf Promot 9:25–31  

    58.    Steffen K, Myklebust G, Olsen OE, Holme I, Bahr R 
(2008) Preventing injuries in female youth football–
a cluster-randomized controlled trial. Scand J Med 
Sci Sports 18:605–614  

    59.    Pfeiffer RP, Shea KG, Roberts D, Grandstrand S, 
Bond L (2006) Lack of effect of a knee ligament 
injury prevention program on the incidence of non-
contact anterior cruciate ligament injury. J Bone Joint 
Surg Am 88:1769–1774      

2 Epidemiology in Young Football Players



21© Springer International Publishing Switzerland 2015 
P. Volpi (ed.), Football Traumatology: New Trends, DOI 10.1007/978-3-319-18245-2_3

      Epidemiology in Female Football 
Players 

           Astrid     Junge    

3.1             Introduction 

 It was estimated that about 10 % of all football 
players worldwide are female, which is about 29 
million [ 1 ]. Due to the growing popularity of 
women’s football, the number of female players 
increased between 2000 and 2006 by 50 %. A 
survey in 2006 by the Federation International de 
Football Association (FIFA) reported that there 
were over seven million female football players 
in the USA, 1.8 million in Germany, one million 
in Mexico and 794 000 in Canada [ 1 ]. In the 
Confederation of North, Central American and 
Caribbean Association Football (CONCACAF), 
23 % of all football players were women (USA: 
40 %; Canada: 33 %) [ 1 ]. 

 The fi rst women’s football World Cup was 
held in China in 1991, and since 1994 a women’s 
football tournament is part of the Olympic Games. 
In 2002, FIFA organised the fi rst U-19 Women’s 
World Championship, which was changed in 
2006 to the U-20 Women’s World Cup. The FIFA 
U-17 Women’s World Cup was introduced in 
2008. All six continental football federations 
organise at least one tournament for women and 
two (U-16/17 and U-19/20) for junior female 

players. In many countries a national league is 
played; however, the level of professionalism 
(training and playing conditions) of these leagues 
still varies greatly between countries. 

 The scientifi c literature on female football 
players has grown in recent years. Several authors 
have reported epidemiological data on injuries in 
female football players [ 2 – 17 ], and additional 
information is available from injury prevention 
projects [e.g.  18 ,  19 ]. However, most studies focus 
on adolescent players (for details see Chap.   2    ). 

 Twelve prospective epidemiological studies 
were found on exposure-related injury rates of 
adult female football players during the season 
[ 2 – 13 ] and three during top-level international 
tournaments [ 14 – 16 ]. All studies on injuries dur-
ing the season were conducted in Scandinavia, 
Germany or the USA; information from other 
countries/continents could not be found. All 
studies (except the two on college and university 
teams) were conducted in top-level teams. 
Exposure-related injury data of recreational 
female players are extremely rare. Data from a 
nationwide injury prevention programme in 
Switzerland [ 19 ] indicate that the average inci-
dence of training and match injuries of recre-
ational players might be within the range of the 
prospective epidemiological studies reported in 
Table  3.1 . However, it should be kept in mind that 
the information described below is based on a 
small and highly selected subgroup and thus 
might not be representative for all female football 
players around the world.
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3.2         Injury Rate 

 For adult female football players, the incidence 
of time-loss injuries during the season varied 
between 12.5 and 23.6 per 1,000 exposure hours 

for match injuries and between 1.2 and 3.8 (7) 
per 1,000 exposure hours for training injuries 
(see Table  3.1 ). 

 During tournaments the incidence is approxi-
mately one time-loss injuries per match, equivalent 

    Table 3.1    Prospective studies on incidence of injury in adult female football players during a year or season   

 Author/year  Country 
 No. of 
players  Skill level 

 Age 
(years)  Study period 

 Injuries per 1,000 h 

 Match  Training 

 Engström 
et al. 1991 

 Sweden  41  Premier, 2nd 
division 

 16–28  1 year prior 
1991 

 24  7 

 Östenberg and 
Ross 2000 

 Sweden  123  Senior players, 
different skill 
levels 

 14–39  1 season 
1996 

 14.3  3.7 

 Giza et al. 
2005 

 USA  202  Women’s 
United Soccer 
Association 

 2 years 
2001/02 

 12.6  1.2 

 Faude et al. 
2005 

 Germany  165  First national 
league 

 22.4 ± 5.0  1 season 
2003/04 

 23.3  2.8 

 Fuller et al. 
2007a, b 

 USA  64/72 
teams 

 College and 
university 
teams 

 2 seasons 
2005–6 

 21.8/19.2  2.6/2.8 

 Dick et al. 
2007 

 USA  19,871  College teams  > = 18  1988–2003  (16.4) 
(athletes 
exposure) 

 (5.23) 
(athletes 
exposure) 

 Jacobson and 
Tegner 2007 

 Sweden  195  Premier league 
(12 teams) 

 23 ± 4.0  1 season 
04–10/2000 

 13.9  2.7 

 Tegnander 
et al. 2008 

 Norway  181  Elite (10 teams)  17–34  2001  23.6  3.1 

 Hägglund 
et al. 2009 

 Sweden  228  (12 clubs)  Season 
2005 

 16.1  3.8 

 Gaulrapp et al. 
2010 

 Germany  254  Premier league 
(12 teams) 

 16–35  1 year  18.5  1.4 

 Ekstrand et al. 
2011 

 Sweden     First division 
(5 teams) 

 23 ± 4  2003–2008  14.9  2.9 

 15 − 38    12.5  2.8 

   Table 3.2    Prospective studies on incidence of time-loss injury in female football players during tournaments   

 Author/year  Type of tournament  No. of tournaments 
 Year of the 
tournament (s) 

 No. of 
matches 

 Injuries per 
match (95%CI) 

 Walden 
et al. 2007 

 UEFA Women’s 
EURO 

 1  2005  15  1.0 

 Hagglund 
et al. 2009 

 UEFA Women’s U-19 
Championship 

 3  2006–2008  45  0.7 

 Junge and 
Dvorak 2013 

 FIFA Women’s World 
Cup TM  

 3  2003–2011  96  1.0 (0.8–1.2) 

 Junge and 
Dvorak 2013 

 FIFA Women’s 
U-19/U-20 World Cup 

 6  2002–2012  180  1.0 (0.9–1.2) 

 Junge and 
Dvorak 2013 

 FIFA Women’s U-17 
World Cup 

 3  2008–2012  96  0.7 (0.5–0.9) 

 Junge and 
Dvorak 2013 

 Women’s Olympic 
Football Tournament 

 4  2000–2012  88  1.0 (0.8–1.2) 
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to 30.3 per 1,000 match hours (see Table  3.2 ). 
The average incidence of time-loss injuries was 
similar in FIFA Women’s World Cups TM , FIFA 
U-19/20 Women’s World Cups, UEFA Women’s 
EURO and the Olympic Football Tournaments 
and lower in FIFA U-17 Women’s World Cups 
and UEFA Women’s Under 19 Championships 
[ 14 ,  16 ]. 

 While an increase of the injury rate was 
observed in the FIFA Women’s World Cups 
from 2003 to 2007, the FIFA U-17 Women’s 
World Cups 2008–2012 and the Olympic 
Football Tournaments 2000–2008, a decrease 
was observed in the UEFA Women’s Under 19 
Championships from 2006 to 2008 [ 14 ,  16 ]. 
Changes in the incidence of injuries in top-level 
tournaments may be infl uenced by the playing 
style, refereeing, quantity and intensity of 
match play.  

3.3     Type and Location of Injury 

 The majority of injuries affect the lower extrem-
ity (see Table  3.3 ). Most frequently injured body 
parts are the knee (12–34 % of all injuries) and 
ankle (9–35 %) followed by the thigh (11–27 %). 
The proportion of injuries to the trunk ranged 
between 1.9 % and 13.2 %; upper extremity inju-
ries represent less than 10 %. The proportion of 
head injuries during the season ranges between 
4 % and 14 %. For tournaments the results were 
similar, except a higher proportion of head inju-
ries which is most probably due to the injury defi -
nition (not restricted to time loss) used by 
FIFA. From the NCAA data [ 6 – 8 ], it seems that 
head and knee injuries are more frequent in 
matches and thigh injuries in training.

    Most injuries affected either joints/ligaments 
(19–57 %) or muscles (11–42 %). Contusions are 
frequent. The percentage of fractures ranged 
between 1 % and 11.6 %. Concussions represent 
up to 8.6 % of match injuries (Table  3.4 ). 

 Injuries of the anterior cruciate ligament 
(ACL) are a special concern in women’s football 
due to their severity and long-term consequences 
(see below). The incidence of an ACL injury is 
three to seven times higher in female athletes 

compared to their male counterparts [ 20 – 23 ]. 
Female football players also incur ACL at a 
younger age than men [ 20 – 22 ]. Further a previ-
ous ACL injury is a risk factor for a subsequent 
one [ 24 ]. Thus, prevention of ACL injuries is of 
great  importance. It has been shown that exer-
cise-based prevention programmes can substan-
tially reduce the rate of ACL injuries in female 
football players [ 18 ,  25 ] (for details see Chap.   6    ). 

 Also a higher incidence of concussion in 
female compared to male players has been 
reported [ 16 ,  26 ]. It is unclear whether the female 
brain is more sensitive to impacts or the discrep-
ancy is infl uenced by differences between the 
genders in the reporting of symptom. Diagnosis, 
treatment and return to play after head injury are 
outlined in the Consensus Statements of the 
Concussion in Sports Group [ 27 – 30 ].  

3.4     Long-Term Health 
Consequences 

 Only very few studies concern the long-time 
health consequences of playing (professional) 
football, and most related to osteoarthritis (OA). 
Almost all studies focus on male players or gen-
der is not mentioned; only one focussed on 
female players [ 31 ]. In Sweden, all 106 female 
football players who sustained an ACL tear dur-
ing football play 12 years earlier were contacted 
and asked to complete questionnaires and have 
radiographic examinations of their knees. Of the 
103 former players (aged 26–40 years) investi-
gated, 82 % had radiographic changes in their 
index knee, and 51 % fulfi lled the radiographic 
criterion for knee OA [ 31 ]. 

 Neuropsychological and/or cognitive impair-
ment as consequence of heading and concussion 
in football has been discussed in the literature 
[e.g.  32 – 35 ]. However, none of these studies 
regard long-term sequela in former elite female 
football players. A study on 22 female 
university- level football players after a fi rst con-
cussion suggests that cognitive functions related 
to cognitive processing speed are most vulnera-
ble to concussion and are still impaired 6 months 
after injury [ 36 ].  

3 Epidemiology in Female Football Players
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    Conclusion 

 Epidemiological information on injuries of 
adult female football players is very limited. 
The 15 prospective epidemiological studies 
found in the literature were all conducted in 
one of four countries (which were winner or 
second in the FIFA Women’s World Cup TM ) or 
during the FIFA or UEFA tournaments. Studies 
on recreational female players and female 
players from other continents are lacking. 
Future epidemiological studies should also 
analyse injury mechanism and risk factors to 
make specifi c recommendations for injury pre-
vention for adult female football players. 
Exercise-based prevention programmes proved 

to be effective in adolescent female players; 
similar studies should be performed also in 
adult female players.     
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      Risk Factors 

              Piero     Volpi     and     Cristiano     Eirale    

4.1             Risk Factors 

 In epidemiology, a risk factor is a variable associ-
ated with an increased risk of disease. Sometimes, 
when a variable may be associated with either 
increased or decreased risk, the term determinant 
is utilised as well. 

 Risk factors or determinants are correlated with 
the risk of injury or disease, but they are not neces-
sarily causal, because correlation does not demon-
strate causation. In order to assess the strength of 
an association and to provide causal evidence, spe-
cifi c statistical methods have to be utilised. 

 In football, injury risk is multifactorial [ 1 ]. 
Determining the individual risk factors for each 
type of injury is an imperative step for the conse-
quent development of prevention programmes. 
Once the injury profi le has been determined, the 
risk factors and injury mechanisms have to be 
identifi ed [ 2 ]. 

 Both intrinsic and extrinsic risk factors have to 
be taken into consideration. They can either be 
modifi able or non-modifi able. 

 Intrinsic risk factors can be categorised as 
physical or psychological [ 3 ]. Examples of 
 intrinsic risk factors are weight, eight, age, gen-
der, ethnicity, previous injury history, muscle 
strength, imbalance and tightness, aerobic fi t-
ness, ligamentous laxity, central motor control 
and psychological and psychosocial factors. 
Among the main extrinsic risk factors, we can 
mention the climatic conditions, the playing sur-
face and its conditions, the intensity of the perfor-
mance during matches and training, the player 
exposure during training and matches, the com-
position of the training, the playing position, the 
equipment, the rules of the game and the social 
and lifestyle factors.  

4.2     Intrinsic Risk Factors 

 Among the intrinsic risk factors, age, career dura-
tion and previous injuries 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 [ 4 ]. Though some 
studies have shown no relation [ 5 ] between previ-
ous injury and injury risk, most researches have 
shown a correlation. In particular, studies that uti-
lised a multivariate analysis, a method that is cer-
tainly more appropriate in the risk factor analysis, 
confi rmed these fi ndings [ 4 ,  6 ]. Inadequate rehabili-
tation has also been identifi ed as a possible risk fac-
tor for football injuries [ 3 ]. There is evidence that 
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the professional players are nowadays heavier and 
taller than some decades ago [ 7 ]. 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 [ 8 ,  9 ]. Also in this 
case, it can be speculated that this may have 
increased the injury risk; on the other hand, how-
ever, this can be also considered a protective factor. 

 Mechanical instability in ankles or knees, 
joint laxity or functional instability also seems to 
predispose players to injuries, in particular of the 
hamstrings, groin and knee [ 8 ,  10 – 13 ]. Other 
potential intrinsic risk factors, like ethnicity and 
mental characteristics, may play a role, but the 
scientifi c literature is still inconclusive and fur-
ther research is warranted. 

 Some researches have investigated the rela-
tionship between sports injuries in general [ 14 ] 
and psychological factors, and some of them 
have explored this in relation to football, fi nding 
a positive correlation [ 15 ,  16 ]. 

 The analysis of intrinsic risk factor may allow 
clinicians to prepare individual programmes of 
prevention.  

4.3     Extrinsic Risk Factors 

 The infl uence of extrinsic risk factors needs to be 
analysed as well. 

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

 As stated initially by Ekstrand [ 17 ] and con-
fi rmed by successive researchers [ 6 ,  7 ,  18 ,  19 ], 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 preseason preparation can be con-

sidered a potential contributing factor to the 
occurrence of accidents [ 7 ]. 

 The “economic value” of the game is today 
defi nitely higher than the previous. Also, the con-
stant 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 different training methodologies and technical 
and tactical innovations are aspects to consider in 
modern football. Indeed, the widespread use in 
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 results in acute (lig-
ament injuries of the knee, in particular ACL 
lesions, tendon ruptures, etc.) and chronic (tendon-
itis, enthesitis, chondropathies, etc.) pathologies. 

 As previously discussed, a congested calendar 
and relative limited time for training, recovery 
and preseason preparation are potential con-
tributing factors to the occurrence of acci-
dents. However, if it seems that a period of 3 
days between matches and a correct rotation 
of the players may help to avoid an increasing 
of the injury risk [ 20 – 23 ], not all the teams 
have the possibility to rotate players due to the 
limited numbers of players at their disposal. 
There is certainly an advantage for richer 
teams that may dispose of a higher number of 
good level players and therefore can apply this 
rotation. Teams with lower financial possibili-
ties may not be able to adequately apply player 
turnover, missing the opportunity of this pre-
vention strategy. This is a classic example of a 
possible intervention on the rules of the game, 
for preventive purposes. It may be hypothe-
sised, in fact, that more changes during a game 
(e.g. 5 instead of 3) may allow a more adequate 
in-game turnover. This further turnover possibil-
ity may possibly impact the risk of injuries, per-
haps also reducing the gap between teams. Of 
course, this has to be confi rmed by epidemiologi-
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cal studies, but it is certainly a good example of 
applying science to football for impacting the 
health of the players and therefore for increasing 
the level of the game. 

 Despite there are no studies confi rming this, 
also the pressure of the media is contributing to 
increase the pressure on footballers, especially of 
elite level, and may affect the injury risk. 

 The association between the playing position 
and injury risk is still undefi ned. While the 
majorities of the studies showed no relation [ 24 –
 27 ], there is some evidence of a higher incidence 
of injuries in defenders [ 28 ], halfbacks [ 29 ] and 
midfi elders [ 1 ,  30 ]. As a confounder factor, mod-
ern football requires defending actions in for-
wards and attaching phases of the game in 
defenders. Moreover, players may 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 
consideration as a potential extrinsic risk factor. 
Despite that the results of the scientifi c research 
are still controversial [ 31 – 33 ], 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 sur-
face [ 32 ,  34 ,  35 ]. 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 incidence. 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 [ 36 ]. These data 
seems to be confi rmed by some researches on 
Australian football [ 37 ,  38 ] and underline the 
importance of developing regional epidemiologi-
cal 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-shoe rotational forces that may 
increase the number of injuries, 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 fast-
ing), there was a debate about the possible effects 
of fasting on physical performance and injury. 

 A study of injury epidemiology in Qatari foot-
ballers [ 39 ] has allowed the investigation of the 
infl uence of Ramadan on football injury inci-
dence and patterns. In a population with a major-
ity of Muslim footballers competing in a Muslim 
country, no signifi cant difference of injury inci-
dence, characteristics 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 sports 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 play-
ers for each professional team: if this may ensure 
an appropriate turnover allowing a better recov-
ery of tired and injured players and therefore can 
be seen as a protective factor, on the other hand, 
the pressure and the competitiveness between the 
players may increase, leading to a higher risk of 
injury during training. 

 While some of these risk factors are not easy 
to be corrected, the player lifestyle represents a 
central risk factor that can be quickly modifi ed or 
corrected. For example, smoking is an element of 
absolute toxicity and alcohol and, even when 
taken occasionally, can be contra-productive for 
the performance [ 7 ]. 

 Also an excessive use of drugs in order to 
continue sports activity despite an injury or to 
speed up the recovery time should be considered 
as an important risk factor to the footballers’ 
health [ 7 ]. 
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 On top of these considerations, fair play 
among players, coaches and managers and the 
central role of the referee in the protection of the 
players are key risk factors that national and 
international federation should continuously take 
into consideration, in order to perform the 
adapted adjustments. Football scientists should 
continuously monitor the impact of the fair play, 
of the referees’ activity and of the rules of the 
game on the injury risk [ 40 ,  41 ]. 

 In this sense, there is evidence in the literature 
that football medicine has contributed decreasing 
the injury rates by changing the rules of the game. 
It has in fact been shown that injury rates were 
reduced by the introduction of the red card for a 
tackle from behind [ 42 ] and for the use of the 
elbow to hit an opponent during a duel [ 42 ].     
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      Football Injury Prevention 

           Mario     Bizzini      and     Jiri     Dvorak    

5.1            Introduction 

 With about 300 million people playing the game, 
football (soccer) is the most popular sport world-
wide [ 1 ]. Playing football requires various skills 
and abilities, including endurance, agility, speed 
and a technical and tactical understanding of the 
game. Playing football has many health benefi ts, 
but it is also associated with a certain risk of 
injury. 

 Injury prevention within the game is one 
important task of the Medical Committee of 
the Fédération Internationale de Football 
Association (FIFA). In 1994 FIFA established 
its Medical Assessment and Research Centre 
(F-MARC) with the aim “to prevent football 
injuries and to promote football as a health-
enhancing leisure activity, improving social 
behaviour” [ 2 ]. 

 There is extensive literature on the frequency 
and characteristics of football injuries, and sev-
eral scientifi c studies on injury prevention pro-
grammes in amateur football players have been 
published. However, the implementation of 

injury prevention programmes in the real world 
of sports represents a major challenge [ 3 ].  

5.2     Why Is Injury Prevention 
Important? 

 Besides the slogan “prevention is better than 
cure”, there are clear arguments in favour of 
injury prevention research and implementation. 

 From a medical perspective, every single 
injury increases the risk for a subsequent injury 
(especially if there has been insuffi cient rehabili-
tation and retraining), and severe injuries (such as 
ACL or cartilage) may increase the risk of osteo-
arthritis in the long term [ 4 ]. 

 From a coach and players’ perspective, staying 
injury free is the only way to perform to one’s 
potential and to enable a team to have all the play-
ers at disposal. It has been shown that elite teams 
with less injured players are more successful in 
terms of better results and championship ranking 
[ 5 ]. An additional benefi t is that injury prevention 
programmes may play a role in enhancing perfor-
mance, which can further improve the compliance 
of coaches and players [ 6 ]. 

 From a socio-economic perspective, the bur-
den of injuries causes a signifi cant impact on the 
health-related costs (medical treatment, rehabili-
tation, etc.). For example, in Switzerland (with 
7.9 million inhabitants) the healthcare costs for 
injuries in amateur football were nearly 170 mil-
lion US dollars in 2010 [ 7 ].  
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5.3     Injury Prevention Research 

 The development and implementation of mea-
sures for injury prevention should follow the 
four-step sequence proposed by van Mechelen 
et al. [ 8 ]. After having established the extent of 
the injury problem (step 1) and analysed the aeti-
ology and mechanisms of injuries (step 2), pos-
sible preventive measures should be introduced 
(step 3). Finally (step 4) the effectiveness of the 
preventive interventions should be assessed by 
repeating step 1. Ideally, randomised controlled 
trials (RCTs) should be performed to scientifi cally 
investigate the preventive interventions [ 9 ,  10 ]. 

 The epidemiology of football injuries, injury 
mechanisms and risk factors have been presented 
in the previous chapters and will not be addressed 
here. However, it should be acknowledged that 
there is a lack of research in children (younger 
than 14 years of age) at all levels. 

 Football injuries mainly affect the lower 
extremity. The most frequent locations are the 
ankle, knee and thigh. Sprains, strains and contu-
sions are the most common types of injury. 
Specifi cally, ankle and knee ligament injuries 
(with the ACL more prevalent in women) and 
hamstring muscle lesions (more prevalent in 
men) are the most often documented injuries in 
football players. About two thirds of traumatic 
injuries are caused by the action of another 
player (contact injuries), and 12–28 % of all 
injuries are caused by foul play [ 11 ]. The per-
centage of noncontact injuries (e.g. during run-
ning, twisting, cutting, landing from a jump) 
varies from 26 % to 59 % [ 11 ]. Overuse injuries 
(e.g. tendinopathy, low back pain) account for 
9–34 % of all injuries, and perhaps this fi gure 
could be even higher considering the method-
ological problems with the injury defi nitions 
used in many studies [ 12 ]. 

 Another fi gure of major concern is that about 
a quarter of injuries (mostly noncontact) are rein-
juries of the same type and location. 

 The types of injury have direct implications in 
terms of preventive strategies. Although the con-
tact injuries may only be tackled with a severe 
application of the laws of the game (and the pro-
motion of fair play), it is possible that the 

 noncontact injuries may be targeted with specifi c 
exercises or programmes.  

5.4     Prevention of Injuries: 
Scientifi c Evidence 

 The fi rst RCT study investigating the effective-
ness of injury prevention measures in football 
players was performed by Ekstrand et al. in 1983 
[ 13 ]. It was then almost another 20 years before 
Junge et al. (2002) [ 14 ] published a controlled 
trial on injury prevention in football. Both authors 
showed that a multimodal intervention pro-
gramme (comprising adapted equipment, warm-
 up routine, prophylactic ankle taping, controlled 
rehabilitation, specifi c stabilisation and coordina-
tion exercises for the trunk, ankle and knee joints) 
was effective in reducing the overall incidence of 
injuries by 75 % in male senior [ 13 ] and by 21 % 
in male youth teams [ 14 ]. Currently as many as 
30 scientifi c studies exist on injury prevention 
measures in football players. For example, Heidt 
et al. found that a preseason neuromuscular train-
ing programme (cardiovascular conditioning, 
plyometrics, strength, fl exibility) was found to 
reduce the number of overall injuries in female 
youth players [ 15 ], and Lehnhard et al. reported a 
reduction of 47 % for overall injuries when a 
1-year progressive strength training programme 
was performed in a male college football team 
[ 16 ]. Emery et al. [ 17 ] reported the positive pre-
ventive effects of a neuromuscular programme 
for injuries in general and the acute onset injury 
in youth male and female players. FIFA’s “The 
11”, which is a simple injury prevention pro-
gramme, was implemented in a 4-year nation-
wide campaign in Switzerland and showed a 
12–25 % reduction of injuries in male and female 
amateur players of different age and level of play 
[ 18 ]. With its consequent impact on the health-
care costs, this study demonstrated how injury 
prevention in football may have a signifi cant 
socio-economic impact. The FIFA 11+ was also 
found to reduce the incidence of injuries by 
30–50 % in youth female football players after 
performing this “complete warm-up” at least 
twice a week [ 19 ]. The importance of  compliance, 
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a crucial aspect for the effectiveness of the pre-
vention programme, was also evaluated in the 
aforementioned study [ 20 ]. The results showed 
that players with high compliance had a signifi -
cant lower risk of injury and that positive coach 
attitudes towards prevention were correlated with 
high compliance and lower injury risk [ 20 ]. 

 While these studies aimed at reducing the 
injury incidence in football, other studies have 
focused on specifi c types of injuries. Most studies 
have addressed ankle sprains [ 21 ]. Balance train-
ing (on unstable surfaces) and the use of semi-
rigid ankle orthoses have been effective in reducing 
(approximately 80 %) the recurrence of ankle 
sprains in previously injured male and female 
players, but not in healthy players [ 22 – 25 ]. 

 Specifi c hamstring eccentric strengthening 
exercises were found to be effective in reducing 
hamstring strains (by approximately 30 %) in 
male elite and amateur football players [ 26 – 28 ], 
and Croisier et al. [ 29 ] described how the restora-
tion of normal strength decreased the incidence 
of hamstring injuries in professional male play-
ers. Further support for these fi ndings was pro-
vided by a study by Holmich et al. [ 30 ] which 
found a trend (not signifi cant) for less groin inju-
ries in amateur players performing a specifi c 
strengthening and core stability programme. 

 Prevention measures for ACL and severe knee 
injuries have been addressed in different studies. 
Caraffa et al. [ 31 ] showed a signifi cant reduction in 
ACL injuries in male professional and amateur 
players with balance board proprioceptive training, 
while Sodermann et al. [ 32 ] found no preventive 
effects with the same intervention on the incidence 
of acute knee injuries in female adult players. 
Neuromuscular programmes including plyomet-
rics, strength and stabilisation training were spe-
cially developed to target the high incidence of 
noncontact ACL injuries in female football players 
[ 33 ]. Hewett et al. [ 34 ] published the fi rst paper in 
this fi eld and reported a trend towards reduction in 
knee injuries in young female players performing 
such programmes. The PEP (Prevent and Enhance 
Performance) was evaluated in two studies [ 35 ,  36 ] 
and showed its effectiveness in reducing noncon-
tact ACL tears in youth female college players. 
Similar fi ndings were  demonstrated in a large RCT 

in adolescent female players with a 15 min neuro-
muscular warm-up programme [ 37 ], and by imple-
menting an adapted programme (warm-up, 
balance, strength and core stability), Kiani et al. 
[ 38 ] documented an impressive reduction of acute 
knee injuries and noncontact knee injuries in youth 
female players. Hägglund et al. [ 39 ] showed how a 
10-step progressive rehabilitation programme for 
injured players was able to reduce (66–75 %) 
recurrent injuries in those same players following 
this programme. 

 Interestingly, Fredberg et al. [ 40 ] did not fi nd 
any preventive effect with specifi c eccentric exer-
cises in the prevalence of Achilles and patellar 
tendinopathy in male professional players. A 
study by Johnson et al. [ 41 ] reported a lower 
injury frequency with training in mental skills 
(cognitive-behavioural training) among high-risk 
elite male and female players, whereas no effects 
on acute injuries was found with an educational 
video-based injury awareness programme . 

 Back in 2006 and following F-MARC research 
[ 42 – 46 ], the International Football Association 
Board (IFAB) decided that any incident of elbow 
to the head should be sanctioned with a red card 
(as IFAB did for the tackles from behind and the 
two-footed tackles from the side). The conse-
quent application of these decisions helped in 
reducing the number of head (including concus-
sions) and ankle injuries caused by elbowing and 
dangerous tackles. Data from previous male 
FIFA World Cups (2006, 2010) proved that the 
reinforcement of the laws of the game and the 
subsequent stricter refereeing during the compe-
titions were crucial in protecting the health of the 
players [ 2 ,  47 ,  48 ] (Fig.  5.1 ).  

 To summarise the published studies, it seems 
that between 20 % and 50 % of all noncontact 
football injuries can be prevented with exercise- 
based prevention programmes [ 14 ,  17 ,  19 ,  35 – 37 ]. 
The best available evidence is for female adoles-
cent players, whereas the impact of such pro-
grammes in male players has been demonstrated 
only recently [ 49 ]. Based on the current evidence, 
the key elements of effective injury prevention 
programmes are core  stability/strength, neuromus-
cular control and balance, eccentric training of the 
hamstrings, plyometric and agility (Table  5.1 ).
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5.5        Development and Research 
Around FIFA 11+ 

 F-MARC conducted an initial study on the pre-
vention of football injuries, with results showing 
21 % fewer injuries in the intervention compared 

to the control group [ 14 ]. The interventions were 
focused on improving the structure and content 
of the training by educating and supervising the 
coaches and players. The programme included 
preventive interventions such as improvement of 
warm-up, regular cooldown, taping of unstable 
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  Fig. 5.1    Role of refereeing in preventing contact injuries at the FIFA World Cups 2002–2010 (number of injuries per 
match; 64 matches per World Cup) (Courtesy of F-MARC)       

   Table 5.1    Injury prevention programs in football/soccer   

 Year  Authors  Design  Nr. subjects  Gender 
 Age 
(range)  Sports  Prev. program  Effect 

 2005  Mandelbaum  CCT  1,041  f  14–18  Soccer  PEP  + 

 2006  Pfeiffer  CCT  1,439  f  14–18  Soccer, basket, 
volley 

 −  − 

 2007  Emery  RCT  920  m/f  12–18  Basket  −  + 

 2008  Gilchrist  RCT  1,435  f  Av.19  Soccer  PEP  + 

 2008  Steffen  RCT  2,020  f  13–17  Soccer  The 11  − 

 2008  Pasanen  RCT  457  f  Av. 24  Floorball  −  + 

 2008  Soligard  RCT  1,982  f  13–17  Soccer  11 + °  + 

 2010  Kiani  RCT  1,506  f  13–19  Soccer  HarmoKnee  + 

 2010  Emery  RCT  744  m/f  13–18  Soccer  −  + 

 2011  LaBella  RCT  1,558  f  Av.16  Soccer, Basket  KIPP  + 

 2012  Longo  RCT  121  m  13–15  Basket  11 + °  + 

 2012  Beijsterveldt  RCT  456  m  18–40  Soccer  The 11  − 

 2012  Walden  RCT  4,564  f  12–17  Soccer  Knäkontroll  + 

 2014  Owoeye  RCT  414  m  14–19  Soccer  FIFA 11+  + 

  a   Silvers  RCT  1,769  m  18–23  Soccer  FIFA 11+  + 

   CT  cohort trial,  RCT  randomized controlled trail,  f  female,  m  male,  PEP  prevent and enhance performance 
  a Not yet published, 11 + ° = FIFA 11+; −/+: negative versus positive injury prevention effect of the programme  
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ankles, adequate rehabilitation, promotion of the 
spirit of fair play and ten sets of exercises 
designed to improve coordination, stability of the 
ankle and knee and fl exibility and strength of the 
trunk, hip and leg muscles. Based on the experi-
ences with this pilot study and in cooperation 
with international experts, F-MARC developed a 
basic injury prevention programme for amateur 
football players called “The 11”. 

 “The 11” comprises of 10 evidence-based or 
best-practice exercises (core stability, balance, 
dynamic stabilisation and eccentric hamstring 
strength) and the promotion of fair play. The pro-
gramme was designed to reduce the most common 
football injuries (ankle and knee sprains, hamstring 
and groin strains). It can be completed in 10–15 min 
and requires no equipment other than a ball. “The 
11” was implemented in two nationwide cam-
paigns (Switzerland and New Zealand) in coopera-
tion with the national accident insurance company 
and the national football association [ 18 ,  50 ]. 

 In Switzerland, the implementation of “The 11” 
and its effect on the injury rate were carefully eval-
uated by an independent research company [ 18 ]. 
Four years after the launch of the programme, 
teams that included “The 11” as a part of their 
warm-up had 11.5 % fewer match injuries and 
25.3 % fewer training injuries than teams that 
warmed-up as usual. In New Zealand, the imple-
mentation of “The 11” resulted in a 2.4 dollar 
return of investment for the national accident insur-
ance company after 2 years [ 51 ]. In other RCTs, 
the compliance of the intervention group (with 
“The 11”) was too poor for a statistically signifi -
cant effect of the programme to be shown [ 52 ,  53 ]. 

 Based on experiences with “The 11”, “PEP” 
(Prevent Injury and Enhance Performance pro-
gramme) [ 35 ,  36 ] and other exercise-based pro-
grammes [ 15 ,  31 ,  32 ,  34 ] to prevent football 
injuries, an advanced version (“FIFA 11+”) was 
developed in 2006 together with the OSTRC and 
the Santa Monica Orthopaedic and Sports 
Medicine Research Foundation. “FIFA 11+” is a 
complete warm-up programme with running 
exercises at the beginning and end to activate the 
cardiovascular system and specifi c preventive 
exercises focussing on core and leg strength, 
 balance and agility, each of three levels of 
increasing diffi culty to provide variation and 

 progression. It takes about 20 min to be com-
pleted and requires a minimum amount of equip-
ment (a set of cones and balls). “FIFA 11+” is 
time effi cient because it replaces the usual warm-
up (  www.f-marc.com/11plus    ). 

 A RCT, conducted by the Oslo Sports Trauma 
and Research Centre, showed that young female 
teams performing the “FIFA 11+” at least twice a 
week (as a standard warm-up before their training) 
had 37 % fewer training injuries and 29 % fewer 
match injuries, and severe injuries were reduced 
by almost 50 % [ 19 ]. The compliance with “FIFA 
11+” was high in general, and players with a 
higher compliance had a signifi cantly lower injury 
risk than others [ 20 ]. Recently, a large RCT in 
male soccer players found signifi cantly lower 
training and match injuries (−52 % overall) in 
teams practising “FIFA 11+” as a warm-up routine 
(yet to be published; Silvers et al. Santa Monica 
Sports Medicine Foundation, CA, USA) [ 54 ]. 

 In another RCT study on Canadian youth 
female football players, Steffen et al. found that 
players with higher adherence to “FIFA 11+” 
showed signifi cant improvements in functional 
balance and reduced injury risk [ 55 ]. Two recent 
studies in Italian amateur football players showed 
that the physiological warm-up effects of “FIFA 
11+” are similar to or even better than a standard 
warm-up routine and that it enhances neuromus-
cular control (core/lower extremity) and knee 
fl exor strength [ 6 ,  56 ]. Other authors have found 
improvements in static/dynamic balance and 
thigh muscle strength in male football and futsal 
players after performing “FIFA 11+” [ 57 – 60 ]. 

 The two nationwide campaigns in Switzerland 
and New Zealand represent successful examples 
of injury prevention in amateur football [ 18 ,  50 ]. 
The success of a prevention programme from a 
social economic viewpoint was investigated by 
Gianotti et al. [ 51 ] who introduced a pre- and 
post-implementation cost outcome formulae. The 
data provided a return on investment for each 
dollar invested in the programme and cost sav-
ings. Since the Soccer Smart Programme (includ-
ing the “The 11” programme) was introduced in 
New Zealand in 2004, the Accident Compensation 
Corporation (ACC) has invested 650,000 NZ dol-
lars into this. Up to June 2011, ACC had saved a 
total of 5,331,000 NZ dollars, and therefore the 
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return of investment had risen to 8.20 for each 
invested dollar (personal communication with 
Dr. S. Gianotti, ACC, New Zealand). These data, 
together with the published results of the nation-
wide implementation in Switzerland, reinforce 
the hypothesis outlined by F-MARC back in 
1994: prevention measures or programmes can 
not only reduce the incidence of football injuries, 
but have the potential to save billions of dollars in 
health-related costs worldwide [ 2 ] (Fig.  5.2 ).   

5.6     Dissemination/
Implementation of FIFA 11+ 

 For the nationwide campaign in Switzerland, “The 
11” was integrated into the coach education of the 
Swiss Football Association (Schweizerischer 
Fussballverband (SFV)) using a “teach the teacher” 
strategy. All instructor coaches of the SFV were 
educated by sports physical therapists on how to 
deliver the programme to the coaches participating 
in licensing or refresher courses. Over a period of 
3 years, 5,000 licensed amateur coaches were sub-
sequently instructed on how to perform “The 11” 
with their teams and received the information 
material [ 18 ]. The same strategy was used in New 
Zealand, where “The 11” was implemented as part 
of the “Soccer Smart Programme” [ 51 ]. 

 The coach is the key person to promote injury 
prevention to his/her players. While the coach, 
especially at a low level, has to consider various 
aspects in the training (e.g. physical preparation, 
tactics, fair play, team success), it is important to 
raise his/her motivation to implement an injury 
prevention programme with his team. 

 “FIFA 11+” is best taught to coaches in a 
course/workshop that includes theoretical back-
ground knowledge and practical demonstration 
of the exercises as recently shown by Steffen 
et al. [ 55 ,  61 ]. In a cluster randomised trial on 
different implementation strategies. The authors 
found that a preseason coach education work-
shop was more effective in terms of better 
 compliance and decreased injury risk in players 
than other delivery methods (unsupervised web-
site, additional supervision by a physical thera-
pist) of the programme [ 3 ]. 

 In 2009 FIFA began the dissemination of 
“FIFA 11+” in its 209 Member Associations 
(MAs). Based on the experience with the nation-
wide implementation in Switzerland and New 
Zealand and on the evaluations of other sports 
injury prevention programme implementations 
(i.e. rugby) [ 62 ,  63 ], a guideline on how to imple-
ment the “FIFA 11+” injury prevention pro-
gramme at a larger scale in amateur football was 
developed [ 3 ]. The implementation is conducted 
either in close cooperation with MAs or via FIFA 
Coaching Instructor courses.  

5.7     Challenges I: Injury 
Prevention to the Pitch 

 The F-MARC team has gained experience during 
the years of dissemination of the injury preven-
tion programmes. It has been found that under-
standing the coach’s character and highlighting 
the importance of the programme to the coach is 
especially important. By preventing injuries and 
therefore reducing the number of injured players 
means that the coach will have more players 
available for his/her ideal team. Therefore, it is 
not only information and education about the role 
of injury prevention which is important but more-
over to speak the same language as the coach and 
to highlight all the advantages of injury preven-
tion. One of keys while conducting a course is 
“proposing” rather than “imposing” the “FIFA 
11+”. The dialogue on the pitch with coaches is 
often more important than the distributed materi-
als, thus allowing for friendly discussion and 
practical work with the preventive programme. 
Therefore, the choice of the instructors is crucial, 
and F-MARC’s best experiences have been with 
sports physiotherapists or athletic trainers who 
have an active involvement in football, because 
they already “live and speak the football lan-
guage”. Additionally, the cooperation with 
famous players and coaches acting as “FIFA 
11+” ambassadors (see teaser on   https://vimeo.
com/45562029     and   www.f-marc.com/11plus    ) 
has helped signifi cantly in communicating with 
coaches. “FIFA 11+” has also been presented to 
the delegates of all MAs at the last two FIFA 
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STRAIGHT AHEAD
RUNNING

The course is made up of 6 to 10 pairs of parallel cones, approx. 5-6 metres apart. 
Two players start at the same time from the first pair of cones. Jog together all 
the way to the last pair of cones. On the way back, you can increase your speed 
progressively as you warm up. 2 sets

1

CIRCLING PARTNER
RUNNING

Run forwards as a pair to the first set of cones. Shuffle sideways by 90 degrees to 
meet in the middle. Shuffle an entire circle around one other and then return 
back to the cones. Repeat for each pair of cones. Remember to stay on your toes 
and keep your centre of gravity low by bending your hips and knees. 2 sets.

4

HIP IN
RUNNING

Walk or jog easily, stopping at each pair of cones to lift your knee and rotate your 
hip inwards

3

QUICK FORWARDS & BACKWARDS
RUNNING

As a pair, run quickly to the second set of cones then run backwards quickly to 
the first pair of cones keeping your hips and knees slightly bent. Keep repea-
ting the drill, running two cones forwards and one cone backwards. Remember to 
take small, quick steps. 2 sets.

6

HIP OUT
RUNNING

Walk or jog easily, stopping at each pair of cones to lift your knee and rotate your 
hip outwards. Alternate between left and right legs at successive cones. 2 sets.

2

SHOULDER CONTACT
RUNNING

Run forwards in pairs to the first pair of cones. Shuffle sideways by 90 degrees to 
meet in the middle then jump sideways towards each other to make shoulder-
to-shoulder contact.
Note: Make sure you land on both feet with your hips and knees bent. Do not let 
your knees buckle inwards. Make it a full jump and synchronize your timing with 
your team-mate as you jump and land. 2 sets

5

STATIC 
THE BENCH

Starting position: Lie on your front, supporting yourself on your forearms and 
feet. Your elbows should be directly under your shoulders.
Exercise: Lift your body up, supported on your forearms, pull your stomach in, and 
hold the position for 20-30 sec. Your body should be in a straight line. Try not to 
sway or arch your back. 3 sets.

7 ONE LEG LIFT AND HOLD
THE BENCH

Starting position: Lie on your front, supporting yourself on your forearms and 
feet. Your elbows should be directly under your shoulders.
Exercise: Lift your body up, supported on your forearms, and pull your stomach 
in. Lift one leg about 10-15 centimetres off the ground, and hold the position for 
20-30 sec. Your body should be straight. Do not let your opposite hip dip down 
and do not sway or arch your lower back. Take a short break, change legs and 
repeat. 3 sets.

7ALTERNATE LEGS
THE BENCH

Starting position: Lie on your front, supporting yourself on your forearms and 
feet. Your elbows should be directly under your shoulders.
Exercise: Lift your body up, supported on your forearms, and pull your stomach 
in. Lift each leg in turn, holding for a count of 2 sec. Continue for 40-60 sec. Your 
body should be in a straight line. Try not to sway or arch your back. 3 sets.

7

VERTICAL JUMPS
JUMPING

Starting position: Stand with your feet hip-width apart. Place your hands on your hips
if you like.
Exercise: Imagine that you are about to sit down on a chair. Bend your legs slowly 
until your knees are flexed to approx 90 degrees, and hold for 2 sec. Do not let your 
knees buckle inwards. From the squat position, jump up as high as you can. Land 
softly on the balls of your feet with your hips and knees slightly bent. Repeat the
exercise for 30 sec.  2 sets.

12 BOX JUMPS
JUMPING

Starting position: Stand with your feet hip-width apart. Imagine that there is a 
cross marked on the ground and you are standing in the middle of it.
Exercise: Alternate between jumping forwards and backwards, from side to side, 
and diagonally across the cross. Jump as quickly and explosively as possible. Your 
knees and hips should be slightly bent. Land softly on the balls of your feet. Do not 
let your knees buckle inwards. Repeat the exercise for 30 sec. 2 sets.

12LATERAL JUMPS
JUMPING

Starting position: Stand on one leg with your upper body bent slightly forwards 
from the waist, with knees and hips slightly bent.
Exercise: Jump approx. 1 m sideways from the supporting leg on to the free leg. 
Land gently on the ball of your foot. Bend your hips and knees slightly as you land 
and do not let your knee buckle inward. Maintain your balance with each jump. 
Repeat the exercise for 30 sec. 2 sets.

12

ACROSS THE PITCH
RUNNING

Run across the pitch, from one side to the other, at 75-80% maximum pace. 2 sets.

13 PLANT & CUT
RUNNING

Jog 4-5 steps, then plant on the outside leg and cut to change direction. Accelerate 
and sprint 5-7 steps at high speed (80-90% maximum pace) before you decelerate 
and do a new plant & cut. Do not let your knee buckle inwards. Repeat the exercise 
until you reach the other side, then jog back. 2 sets.

15BOUNDING
RUNNING

Run with high bounding steps with a high knee lift, landing gently on the ball of 
your foot. Use an exaggerated arm swing for each step (opposite arm and leg). Try 
not to let your leading leg cross the midline of your body or let your knees buckle 
inwards. Repeat the exercise until you reach the other side of the pitch, then jog 
back to recover. 2 sets.

14

WITH TOE RAISE
SQUATS

Starting position:Stand with your feet hip-width apart. Place your hands on your 
hips if you like.
Exercise: Imagine that you are about to sit down on a chair. Perform squats by 
bending your hips and knees to 90 degrees. Do not let your knees buckle inwards. 
Descend slowly then straighten up more quickly. When your legs are completely 
straight, stand up on your toes then slowly lower down again. Repeat the exer -
cise for 30 sec. 2 sets.

11 ONE-LEG SQUATS
SQUATS 

Starting position: Stand on one leg, loosely holding onto your partner.
Exercise: Slowly bend your knee as far as you can manage. Concentrate on pre-
venting the knee from buckling inwards. Bend your knee slowly then straighten it 
slightly more quickly, keeping your hips and upper body in line. Repeat the exercise 
10 times on each leg. 2 sets.

11WALKING LUNGES  
SQUATS

Starting position: Stand with your feet hip-width apart. Place your hands on your 
hips if you like.
Exercise: Lunge forward slowly at an even pace. As you lunge, bend your leading 
leg until your hip and knee are flexed to 90 degrees. Do not let your knee buckle 
inwards. Try to keep your upper body and hips steady. Lunge your way across the 
pitch (approx. 10 times on each leg) and then jog back. 2 sets.

11

HOLD THE BALL
SINGLE-LEG STANCE

Starting position: Stand on one leg.
Exercise: Balance on one leg whilst holding the ball with both hands. Keep your 
body weight on the ball of your foot. Remember: try not to let your knees buckle 
inwards. Hold for 30 sec. Change legs and repeat. The exercise can be made more 
difficult by passing the ball around your waist and/or under your other knee.
2 sets.

10 TEST YOUR PARTNER
SINGLE-LEG STANCE

Starting position: Stand on one leg opposite your partner and at arm’s’ length 
apart. 
Exercise: Whilst you both try to keep your balance, each of you in turn tries to push 
the other off balance in different directions. Try to keep your weight on the ball 
of your foot and prevent your knee from buckling inwards. Continue for 30 sec. 
Change legs. 2 sets.

10THROWING BALL WITH PARTNER
SINGLE-LEG STANCE

Starting position: Stand 2-3 m apart from your partner, with each of you standing 
on one leg.
Exercise: Keeping your balance, and with your stomach held in, throw the ball 
to one another. Keep your weight on the ball of your foot. Remember: keep your 
knee just slightly flexed and try not to let it buckle inwards. Keep going for 30 sec. 
Change legs and repeat. 2 sets.

10

BEGINNER
HAMSTRINGS

Starting position: Kneel on a soft surface. Ask your partner to hold your ankles 
down firmly.
Exercise: Your body should be completely straight from the shoulder to the knee 
throughout the exercise. Lean forward as far as you can, controlling the movement 
with your hamstrings and your gluteal muscles. When you can no longer hold the 
position, gently take your weight on your hands, falling into a push-up position. 
Complete a minimum of 3-5 repetitions and/or 60 sec. 1 set.

9 ADVANCED
HAMSTRINGS

Starting position: Kneel on a soft surface. Ask your partner to hold your ankles 
down firmly.
Exercise: Your body should be completely straight from the shoulder to the knee 
throughout the exercise. Lean forward as far as you can, controlling the movement 
with your hamstrings and your gluteal muscles. When you can no longer hold the 
position, gently take your weight on your hands, falling into a push-up position. 
Complete a minimum of 12-15 repetitions and/or 60 sec. 1 set.

9INTERMEDIATE
HAMSTRINGS

Starting position: Kneel on a soft surface. Ask your partner to hold your ankles 
down firmly.
Exercise: Your body should be completely straight from the shoulder to the knee 
throughout the exercise. Lean forward as far as you can, controlling the movement 
with your hamstrings and your gluteal muscles. When you can no longer hold the 
position, gently take your weight on your hands, falling into a push-up position. 
Complete a minimum of 7-10 repetitions and/or 60 sec. 1 set.

9

STATIC 
SIDEWAYS BENCH

Starting position: Lie on your side with the knee of your lowermost leg bent to 90
degrees. Support your upper body by resting on your forearm and knee. The elbow 
of your supporting arm should be directly under your shoulder. 
Exercise: Lift your uppermost leg and hips until your shoulder, hip and knee are in a 
straight line. Hold the position for 20-30 sec. Take a short break, change sides and 
repeat. 3 sets on each side.

8 WITH LEG LIFT
SIDEWAYS BENCH

Starting position: Lie on your side with both legs straight. Lean on your forearm 
and the side of your foot so that your body is in a straight line from shoulder to 
foot. The elbow of your supporting arm should be directly beneath your shoulder.
Exercise: Lift your uppermost leg up and slowly lower it down again. Repeat for 20-
30 sec. Take a short break, change sides and repeat. 3 sets on each side.

8RAISE & LOWER HIP
SIDEWAYS BENCH

Starting position: Lie on your side with both legs straight. Lean on your forearm 
and the side of your foot so that your body is in a straight line from shoulder to 
foot. The elbow of your supporting arm should be directly beneath your shoulder.
Exercise: Lower your hip to the ground and raise it back up again. Repeat for 20-30 
sec. Take a short break, change sides and repeat. 3 sets on each side.

8

PART 1 RUNNING EXERCISES · 8 MINUTES

PART 2 STRENGTH · PLYOMETRICS · BALANCE · 10 MINUTES

PART 3 RUNNING EXERCISES · 2 MINUTES

LEVEL  1 LEVEL  2 LEVEL  3

  Fig. 5.2    FIFA 11+ warm-up programme to prevent injuries (Courtesy of F-MARC)       
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Medical Conferences (Zürich 2009, Budapest 
2012). After initial enthusiasm from the inter-
ested MAs, F-MARC has experienced a wide 
range of dedication and compliance from those 
MAs to the proposed “FIFA 11+” implementa-
tion guidelines. At MA level, it has to be acknowl-
edged that highly motivated people are needed, in 
order to successfully plan, realise and constantly 
monitor a nationwide implementation (Fig.  5.3 ).   

5.8     Challenges II: At 
Professional Level  

 Despite a signifi cant number of publications on 
the epidemiology of injuries in professional foot-
ball, there are very few papers on prevention in 
professional players [ 26 – 30 ]. Almost all injury 

prevention studies in football have been con-
ducted in semi-professional (few), lower level 
(amateur/recreational) and youth football. For 
example, only three quality studies [ 26 – 28 ] have 
used elite players to investigate hamstring injury 
prevention in football. In the best publication 
[ 28 ], Danish professional players, included in the 
intervention group together with lower level 
teams, had signifi cant less acute injuries (overall, 
new and recurrent!) after implementing the 
Nordic hamstring exercise. 

 The UEFA study by Ekstrand et al. showed 
that in the Champions League Clubs (1,743 male 
players, 27 teams, 10 countries) the overall train-
ing and match injury rate remained unchanged 
over the course of 11 years [ 64 ]. Although the 
injury rate for ligament injury decreased, the rate 
for muscle and severe injuries remained high or 

  Fig. 5.3    Injury prevention exercises on the pitch: information, education and compliance are the keys (Courtesy of 
F-MARC)       
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even increased, which was found to be associated 
with the congested calendar of national and inter-
national competitions. In another UEFA 
Champions League injury study, Hägglund et al. 
found that low injury rates were associated with 
improved performances at domestic (higher fi nal 
league ranking) and at European Cups levels 
(higher UEFA Season Club Coeffi cient), whereas 
more injuries had a negative impact on team per-
formance [ 5 ]. These fi gures highlight the impor-
tance of optimal medical care and moreover the 
importance of injury prevention for the players. 

 Recently McCall et al. conducted a survey 
(“belief and practice”) about preventative strategies 
for noncontact injuries in 44 professional clubs 
worldwide (10 countries in 4 continents) and found 
that mostly physiotherapists were involved in a 
wide range of injury prevention programmes [ 65 ]. 

 The top fi ve exercises used by clubs were (in rank 
order) eccentric exercises, balance/proprioception, 
hamstring eccentric, core stability and Nordic ham-

string plus gluteus activation. Interestingly these 
exercises correspond to the components of the FIFA 
11+ programme. On a general note, the authors of 
the survey stated that “additional research is needed 
to determine the optimal type, timing and prescrip-
tion of exercises within a multidimensional injury 
prevention programme for use in the practical set-
ting”. Another conclusion from the study was that a 
club’s perceptions and practices are not always evi-
dence based, clearly indicating the gap between the 
fi eld and the scientifi c research world [ 65 ]. 

 One excellent example on how to integrate 
injury prevention in the team’s training and gen-
eral planning was provided by FC Barcelona at 
the ISOKINETIC Football Conference in Milan 
in 2014. Examples were mandatory pre- activation 
and adapted warm-ups (based on the contents of 
FIFA 11+), exercise circuits integrated in the 
training sessions, supplementary individual ses-
sions (indoor, outdoor) and work in small groups 
on reinjury prevention (Fig.  5.4 ).   

  Fig. 5.4    FC Barcelona prevention strategy “on fi eld” 2013–14 (Courtesy of FC Barcelona FIFA medical center of 
excellence)       
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5.9     Special Group: Referees 

 An offi cial football match is only possible if the 
offi cials are present: the referee and the two assis-
tant referees are responsible for the match control 
and to ensure that the players follow the laws of 
the game. Considering the match and training 
demands and the duration of the career (up to 
45 years old), football refereeing entails a certain 
risk of injury [ 66 ]. Research studies have shown 
that noncontact injuries (with a slight lower inci-
dence than in players) and moreover overuse inju-
ries (with an estimated higher prevalence than in 
players) are of concern among referees. The most 
common injuries are hamstring strains, calf strains 
and ankle sprains, whereas the most frequent 
locations of musculoskeletal complaints (over-
use) are the lower back, hamstring and calf/
Achilles tendon [ 67 ,  68 ]. Based on the original 
FIFA 11+ and on experiences at FIFA tourna-
ments and World Cups, an adapted injury preven-
tion programme was developed and subsequently 
implemented within the male and female FIFA 
referee’s selections. Since 2014, the “FIFA 11+ 
REFEREE” is disseminated worldwide through 
the offi cial FIFA Refereeing courses.  

    Conclusions 

 Research has shown that noncontact injuries 
in football can be prevented by at least one 
third and up to a half by the means of specifi c 
injury prevention programmes, whereas con-
tact injuries can only be prevented by enhanced 
fair play and stricter refereeing. Although 
there is still a lack of scientifi c studies in cer-
tain groups (i.e. children, professional play-
ers) and in different areas (i.e. infl uence of the 
playing surface, role of football shoes), the 
current evidence clearly supports the imple-
mentation of injury prevention programmes at 
a large scale. Among the 300 million people 
playing football worldwide, more than 99 % 
do it at amateur or recreational level, and evi-
dence has shown that less injuries translates 
into less socio-economic health-related costs. 
All involved individuals and associations (e.g. 
federations, clubs, coaches, players, fi tness 
trainers, doctors and physiotherapists) should 

endorse and promote injury prevention, thus 
optimising the benefi cial health and social 
effects of football and reducing the economic 
burden.     
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      Preseason Evaluation 

              Fabrizio     Tencone    

        Today the Pre-season Evaluation is one of the topics 
of greatest interest in sports medicine; one of the 
primary objectives of the preseason evaluation is 
to screen for conditions that may predispose a 
competitive sportspeople to injury or illness. The 
real objective of the preseason evaluation is to 
ensure sportspeople that they are medically fi t to 
participate in their sports of choice safely, with-
out harm to themselves or others. 

 A preseason evaluation is often a mandatory 
administrative requirement of an athletic associa-
tion for organized sports participation. There is 
enormous variation through the world in how 
these examinations are performed. 

 For many sportspeople the preseason evalua-
tion serves as an entry point into a healthcare sys-
tem, especially for adolescent, who may have 
limited contact with the healthcare system and 
thus may not have seen physician. Therefore, in 
many cases, the preseason evaluation allows an 
opportunity to provide quality and cost-effective 
healthcare, determine general health, and initiate 
discussion on health-related topics. 

 In addition, the preseason evaluation affords 
the opportunity to screen for conditions that may 
currently be asymptomatic yet could be  potentially 

life-threatening. Sudden cardiac death, while rare, 
is known to happen more often in sportspeople 
compared to those who do not play competitive 
sports. Developing worldwide uniformity in the 
approach to a comprehensive preseason evalua-
tion may help defi ne and improve the ability to 
achieve the goal of identifying these conditions in 
a typically younger and “healthier” population. 

 The evaluator should review the sportsper-
son’s medical history in addition to evaluating 
the present illness or injury. Previous musculo-
skeletal injuries may not have been adequately 
rehabilitated, resulting in ongoing weakness, 
joint laxity, or poor neuromotor control. 
Identifying such factors enables the evaluator to 
develop an effective rehabilitation plan for any 
pre-existing injury. 

 Concussions can leave the sportsperson with 
ongoing symptoms, vulnerable to more serious 
brain injury if continuing to participate in athlet-
ics, in particular in contact sports. The evaluator 
may use this information to determine if the 
sportsperson is suitable for a certain sports or 
would benefi t from an appropriate protective gear 
to minimize risk. 

 Inadequate management of chronic conditions 
such as asthma can leave a sportsperson with spe-
cifi c impairments that appropriate intervention 
can target towards improved sports performance. 
The preseason evaluation can provide a forum for 
clinicians to advise participants on appropriate 
sports in which to participate, especially for those 
sportspeople with disabilities. 

        F.   Tencone     
  Isokinetic Medical Group Torino, 
Via Rosmini 5/A ,   Torino ,  10126 ,  Italy   
 e-mail: f.tencone@isokinetic.com, 
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 There is no literature to support the concept 
that preseason evaluation predicts who will 
develop an orthopaedic injury or prevents or 
reduces the severity of an orthopaedic injury in a 
sportsperson. However, despite this, there is 
research regarding individual components that 
could be included in a preseason evaluation that 
could guide training in an effort to reduce risk of 
future injury. For example, in female sportspeo-
ple, dynamic knee valgus when landing during a 
jump was shown to be predictive of anterior cru-
ciate ligament injuries. Thus, early recognition 
and treatment of factors such as abnormal biome-
chanics may minimize time lost from training 
and competition, an important goal of competi-
tive sportsperson. 

 At higher levels of competition, consider 
assessing psychological, social, and nutritional 
factors that may affect performance. Since the list 
of doping agents change regularly, the assessor 
should review the sportsperson’s medications, if 
any, to ensure compliance with regulations or to 
identify a need to request exemption. 

 The preseason evaluation can serve as vehicle 
to meet administrative requirements of athletic 
association or governing body for eligibility to 
participate in competitive athletics. 

 In the USA, a preseason evaluation is required 
in order to participate in organized sports at the 
high school and collegiate levels. Italy requires 
compulsory annual medical clearance to compete 
in organized sports at every competitive level. In 
addition, there are numerous country-specifi c 
legal statutes that govern the rights of sportspeo-
ple to participate, as well as the confi dentiality of 
medical records obtained during performance of 
a Preseason Evaluation. 

 In the broadest context, all persons who begin 
a new activity programme should have a pre-
season evaluation tailored to their age, ability, 
and anticipated “athletic” endeavour. Ideally, pre-
season evaluation should take place for competi-
tive sportspeople of all ages, genders, and levels 
of organized sports competition. 

 Skills in both musculoskeletal evaluation and 
cardiac auscultation may require that more than 
one clinician performs components of the exami-
nation. International and professional  sportspeople 

are governed by their athletic organizations as to 
who is considered qualifi ed to perform a Preseason 
Evaluation. 

 Timing of the preseason evaluation ideally 
should occur in the off-season, at least 2–6 weeks 
prior to the beginning of the practice season, to 
allow time for appropriate rehabilitation of inju-
ries or to evaluate and treat medical conditions. 
The required frequency of the preseason evalua-
tion varies according to the governing bodies of 
various athletic organizations and the age of the 
sportsperson. 

 A thorough medical history is crucial to the 
preseason evaluation of competitive sportspeo-
ple. Various questionnaires have been developed 
for sportspeople of all ages and levels of competi-
tion. The essential components of the history 
include a thorough system review for acute or 
chronic medical and orthopaedic conditions. This 
should include cardiovascular symptoms, pulmo-
nary symptoms, musculoskeletal symptoms, hae-
matological symptoms, allergies, infection/
immunology, ear/nose/throat symptoms, derma-
tological symptoms, genitourinary symptoms, 
neurological symptoms, endocrine/metabolic 
symptoms, ophthalmologic symptoms, and den-
tal symptoms. Review the sportsperson’s sports 
participation history, including the use of protec-
tive equipment, use of medications and supple-
ments, allergies, and a menstrual history for 
female sportspeople. Questions regarding immu-
nization status, dietary status, and health-risk 
behaviours are recommended. 

 The physical examination component of the 
preseason evaluation should be performed by 
skilled clinician (in Italy by physicians special-
ized in sports medicine) with a particular focus 
on cardiovascular, neurological, and orthopaedic 
abnormalities that would identify sportspeople at 
high risk of injury, disability, or death. Baseline 
data should also be obtained on blood pressure, 
weight, height, and organ function in case of 
injury or illness. 

 Much interest has been generated in the use of 
diagnostic testing to assist in screening for car-
diovascular conditions that may predispose a 
sportsperson to sudden cardiac death. Routine 
diagnostic testing with an ECG/EKG has been 
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performed as a part of the preseason evaluation in 
Italy for many years and has been found useful in 
identifying sportspeople with hypertrophic car-
diomyopathy in that population. Atherosclerotic 
coronary disease is the most common form of 
heart disease in masters athletes, and a routine 
screening ECG/EKG is recommended for this 
population as part of their PPE. 

 Echocardiography and exercise stress testing 
are not suggested for routine screening; how-
ever, these diagnostic tests may be indicated in 
certain populations such as masters athletes, 
 particularly if they are undertaking sudden vig-
orous training, and for sportspeople with abnor-
malities on resting ECG/EKG. It is important to 
recognize that further testing and referral should 
be considered for any sportsperson who has a 
personal or family history of sudden cardiac 
death or premature coronary disease. Symptoms 
of syncope, unexplained exertional dyspnea, or 
chest pain should be thoroughly evaluated as 
they may be an early sign of one of the genetic 
cardiovascular diseases. Additional testing 

should also be undertaken if sportsperson has a 
heart murmur, hypertension, or abnormalities 
suggestive of Marfan syndrome or coarctation of 
the aorta. 

 In the rare event that fi ndings suggest that par-
ticipation in sports should be modifi ed or 
restricted, it is imperative that the sportsperson 
(and the caregiver if appropriate) be fully 
informed of fi ndings and associated risks. Some 
authors suggest that the sportsperson should be 
involved in the decision-making process wher-
ever possible regarding participation options 
given the relative risks affecting his or her health 
or safety; in Italy the medical certifi cation is 
unquestionable. 

    Conclusion 

 Italian sports medical rules can be used as an 
example to improve preseason evaluation in a 
well-defi ned medical evaluation, taking into 
account both the health of the athletes and the 
responsibility of the physicians that certify the 
status of fi tness for sports.      

6 Preseason Evaluation
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      Trauma Management in the Field 

           Porcelli     Simone     ,     Daniele     Casalini     , 
    Alessandro     Corsini    ,     Gian     Nicola     Bisciotti     , 
and     Piero     Volpi    

7.1            Introduction 

 Although most sports injuries are relatively 
minor, life-threatening injuries are unpredictable 
and can occur during any physical activity and at 
any level of participation [ 1 ]. For this reason 
prompt care is essential. 

 In catastrophic injuries time becomes the criti-
cal factor, and assistance to the injured athlete 
must be handled by trained personnel. A mistake 
in the initial management of injury can prolong 
the time required for rehabilitation and in rare 

cases could be fatal. The prime concern of emer-
gency aid is to maintain cardiovascular function 
and, indirectly, central nervous system function 
because failure of any of these systems may lead 
to death [ 2 ]. 

 All professionals working in the sports world 
should be trained and certifi ed in cardiopulmo-
nary resuscitation (CPR), the use of an automatic 
external defi brillation (AED), and fi rst aid. 
Besides education and training, preparation 
should also include maintenance of emergency 
equipment and supplies, appropriate use of per-
sonnel and formation and implementation of an 
emergency action plan  (EAP),  and continuing 
education in the area of emergency medicine and 
planning. A written EAP document defi nes the 
standard of care. The absence of an EAP fre-
quently is a basis for claims and lawsuits based 
on negligence. The EAP should be comprehen-
sive, practical, and fl exible enough to adapt to 
any emergency situation [ 3 ]. 

7.1.1     Emergency Personnel 

 The fi rst responder in an emergency situation is 
typically a member of the sports medicine staff, 
such as a certifi ed athletic trainer. However, the 
fi rst responder may also be a coach or another 
member of the staff. Certifi cation in cardiopul-
monary resuscitation (CPR), fi rst aid, automated 
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external defi brillator (AED), prevention of dis-
ease transmission, and emergency plan review is 
required for all athletics personnel associated 
with practices, competitions, skills instructions, 
and strength and conditioning [ 4 ]. 

 The emergency team may consist of physi-
cians, emergency medical technicians, certifi ed 
athletic trainers, athletic training student, 
coaches, managers, and possibly bystanders. 
Roles of these individuals will vary depending on 
different factors such as team size, athletic venue, 
preference of the head athletic trainer, etc. 

 The four basic roles within the emergency 
team are:

    1.    Formation of an emergency team and imple-
mentation of specifi c roles are important.   

   2.    Establish scene safety and immediate care of 
the athlete: this should be provided by the 
most qualifi ed individual on the medical team.   

   3.    Activation of emergency medical services: 
this may be necessary in situations where 
emergency transportation is not already pres-
ent at the sporting event.   

   4.    Equipment retrieval: may be done by anyone 
on the emergency team who is familiar with 
the types and locations of the specifi c equip-
ment needed. Coaches may be good choices 
for this role.     

 Individuals providing emergency care to the 
injured athlete must cooperate and act profes-
sionally [ 5 ]. It is not unusual that rescue team 
members disagree over exactly how the injured 
athlete should be handled and transported. To 
reduce potential confl icts, it is a good idea to 
establish guidelines and procedures and arrange 
practice sessions at least once a year [ 6 ].  

7.1.2     Emergency Communication 

 Communication is a key to a quick, effi cient emer-
gency response. Access to a working telephone 
line or other devices, either fi xed or mobile, should 
be assured. Cellular or digital phones are recom-
mended. However, a landline should also be avail-
able in case cell phone services are not available.  

7.1.3     Emergency Equipment 

 All necessary emergency equipment should be at 
the site and quickly accessible [ 7 ]. Personnel 
should be familiar with function and operation of 
each type of emergency equipment. The equip-
ment should be checked on a regular basis to 
ensure good condition, and equipment use should 
be rehearsed by all emergency personnel. Creating 
an equipment inspection logbook is strongly rec-
ommended. You should choose a clean, dry, envi-
ronmentally controlled area, and it should be 
readily available when emergency situations arise. 

 This type of equipment could include spine 
boards and straps, automated external defi brilla-
tors (AEDs), AED pads, AED batteries, splinting 
equipment, bag/valve mask, CPR pocket mask, 
stretcher, crutches, cervical collar, etc. A bag 
fi lled with crushed ice is important to have on 
hand at all practices and competitions. Ice can be 
applied to most acute injuries to help reduce 
swelling and reduce pain. If crushed ice is not 
available, commercial ice pack can be purchased. 

 A well-stocked fi rst-aid kit should also be 
available. First-aid kits need to be inventoried 
regularly and checked for supplies that have been 
used and need to be replaced. The fi rst-aid kit 
should be placed in a location that is readily 
accessible to the emergency team and not locked 
in a shed or building. 

 First-aid kits should include at least the fol-
lowing items:

•    Gauze pads  
•   Assorted bandages  
•   Protective gloves  
•   Assorted sizes of Ace bandages (3″, 4″, 6″)  
•   Roller gauze  
•   Antibiotic ointment  
•   Cleaning agent  
•   Tongue depressors    

7.1.3.1     Medical Emergency 
Transportation 

 Emphasis is placed on having an ambulance on- 
site at high-risk sporting events. There should be 
a designated location with rapid access to the site 
and cleared route for entering/exiting the venue.    
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7.2     On-the-Field Injury 
Assessment 

 The initial assessment and management of seri-
ously injured patients is a challenging task and 
requires a rapid and systematic approach. 
Appropriate medical care cannot be delivered to 
injured athlete until some systemic assessment 
has been made. This systematic approach helps 
to determine the nature of the injury and gives 
information in the decision-making process. It 
can be practiced to increase speed and accuracy 
of the process, but good clinical judgment is also 
required. It should be remembered that some of 
the steps may be taken simultaneously even if 
described in sequence [ 8 ]. 

 The aim of good trauma care is to prevent 
early trauma mortality. Early trauma deaths 
occur because of failure of oxygenation of 
vital organs or central nervous system injury 
or both. 

 The  primary survey  refers to assessment of 
potentially life-threatening problems including 
airway, breathing, circulation, severe bleeding, or 
shock. Once the condition of the victim is stabi-
lized, the  secondary survey  is used to take a 
closer look at the injury sustained by the athlete. 
The secondary survey gathers specifi c informa-
tion about the injury from the athlete, systemati-
cally assesses vital signs and symptoms, and 
allows for a more detailed evaluation of the 
injury. It is done to uncover additional problems 
in other parts of the body. 

 The primary survey is usually performed 
using  DRABC  (danger, response, airway, 
breathing, circulation – Table  7.1 ). If emer-
gency treatment is not needed,  TOTAPS  is an 
effective tool for secondary assessment 
(Table  7.2 ). These guidelines do not apply for 
assessing head injuries, concussion, or sus-
pected spinal injury.

7.2.1        Primary Survey 

 Life-threatening injuries take precedence over all 
other injuries sustained by the athletes [ 9 ]. The 
initial assessment consists in:

    Forming a General Impression of the Patient  
 The general impression will help you decide the 

seriousness of the patient’s condition based on 
his level of distress and mental status.  

   Assessing the Athlete’s Mental Status  
 Initially this may mean determining if the patient 

is responsive or unresponsive. The AVPU 
scale can be useful:
•    A – Alert. The alert patient is/will be awake, 

responsive, oriented, and talking to you.  
•   V – Verbal. This is a patient who appears to 

be unresponsive at fi rst, but will respond to 
a loud verbal stimulus from you – note that 
the term verbal does not mean that the 
patient is answering your questions or initi-
ating a conversation. The patient may 
speak, grunt, groan, or simply look at you.  

•   P – Painful. If the patient does not respond 
to verbal stimuli, he or she may respond to 
painful stimuli such as sternal (breastbone) 
rub or a gentle pinch to the shoulder.  

•   U – Unresponsive. If the patient does not 
respond to either painful or verbal stimuli. 
 The unconscious athlete must always be 
considered to have life-threatening injury.     

   Assessing the Athlete’s Airway  
 Is the patient’s airway open? If the patient is 

unresponsive, stabilize the head and neck and 
use the jaw-thrust maneuver to ensure an open 
airway. If you do not suspect a spine injury, 
use the head-tilt/chin-lift maneuver.  

   Assessing the Athlete’s Breathing  
 Is the patient breathing adequately? With the air-

way open, place your ear over the patient’s nose 
and mouth and watch for chest movement; note 
symmetry or lack of symmetry in chest move-
ment. Listen and feel for the presence of 
exhaled air. Listen to the quality of the breath 
sounds. Sporadic respirations are called agonal 
respirations and occur just prior to death.  

   Assessing the Athlete’s Circulation (Pulse and 
Bleeding)  

 Does the patient have an adequate pulse? Is there 
serious bleeding? Did the patient lose a large 
quantity of blood prior to your arrival? 

 If the patient is not breathing, check the pulse at 
the neck (carotid). If the patient is breathing, 
you can check the carotid or the pulse at the 
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wrist (radial). If you document the presence of 
a carotid pulse but the radial pulse is absent, 
this may represent a shock situation. A rapid 
or weak pulse may also represent a shock situ-
ation. Assessment of circulation also includes 
checking skin signs – color, temperature, and 
moisture. Abnormal fi ndings such as pale 
cool, moist skin could be indicative of shock.    

 When CPR is necessary, it must be recorded 
that coaches, fi tness professionals, and even 
 athletic administrators have a “duty to act” given 

the nature of their job. They are to some extent 
responsible to the athlete and thus must be willing 
to provide CPR should it be necessary [ 14 ]. It is 
recommended that fi rst-aid care provider obtains 
consent from the victim before rendering fi rst aid. 
In case of unconscious athlete, consent would be 
implied. 

  Recognizing Vital Signs     Anyone providing 
emergency care has to be able to evaluate the 
existing physiological signs and symptoms of 
injury [ 10 ]. Among these vital signs are heart 

   Table 7.1    DRABC procedure   

 Danger  Check for  danger . If someone appears to be unconscious or seriously injured,  fi rst observe the 
immediate area and check for possible risk  to the injured person, yourself, or anyone else. For 
example: 

 Response  Ask the injured person (“the casualty”) to respond to you. The  fi rst purpose  of this is to  fi nd out if 
he or she is conscious  

 To establish if someone is conscious, check if he or she can: 

   Speak to you 

   Hear your voice 

   Move (at all), e.g., open and close his/her eyes 

   Respond to being touched 

  Caution : Care must be taken if checking for a response to touch. Shaking him/her may cause 
further injury 

 Airway  If the athlete does not respond and so appears to be unconscious, check if his or her  airway  is clear, 
i.e., that his/her throat is not blocked (which could prevent him/her from breathing) 

 Blockages in the throat area could be due to: 

   Swallowed tongue 

   Vomit 

   Objects, e.g., mouth guard (if he/she was using one for protection) or false teeth 

 Check that the person’s head is in a suitable position to allow breathing. It may be suffi cient just to 
tilt the head back gently to clear the person’s tongue from his/her airway – but move the casualty 
as little as possible – just as much as needed to allow breathing while help is on the way 

 Breathing  Check if the athlete is  breathing  

 If the athlete is breathing it may be appropriate to put her/him into the recovery position while help 
is on the way. This is not recommended in all cases and especially not if the person has or may 
have injuries, e.g., broken bones – in which case moving him or her may cause further damage 

 If the athlete is  not  breathing even though his/her airway is clear, a trained fi rst aider  might  attempt 
to “breath for” him/her by blowing air into his/her mouth using a technique called  mouth-to-mouth 
ventilation  or  mouth-to-mouth resuscitation  

  Caution : The  mouth-to-mouth  technique requires  training  

 Circulation  Blood circulation is essential for life. Blood is pumped around the body by the heart. Many fi rst 
aiders and medical professionals check if blood is circulating around the body by looking for a 
 pulse . One good place to check for a pulse is at the carotid artery in the neck 

 If the athlete does not have a pulse (i.e.,  blood circulation ), fi rst aiders, paramedics, and other 
qualifi ed personnel may begin  external chest compressions  (which involves applying pressure to 
the correct part of the chest at appropriate regular intervals) 

  Caution : The  external chest compression  technique also benefi ts from  training  that is included in 
short courses in fi rst aid, e.g., “First Aid in the Workplace.” As for  mouth-to- mouth resuscitation , 
people taking part in training courses practice  external chest compressions  on manikins –  not  on 
real people 
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rate, breathing rate, blood pressure, temperature, 
skin color, and pupils of the eye (Table  7.3 ).

7.2.2         Secondary Survey 

 If the athlete has no life-threateming injuries, 
a secondary assessment should be conducted to 
survey the entire body for injury. 

 The physical examination of the patient should 
take no more than two to three minutes and 
should examine the following parts:

    Neck  – Examine the patient for point tenderness 
or deformity of the cervical spine. Any 

 tenderness or deformity should be an indica-
tion of a possible spine injury. If the patient's 
C-spine has not been immobilized immobilize 
now prior to moving on with the rest of the 
exam (see below for further details).  

   Head  – Check the scalp for cuts, bruises, swell-
ings, and other signs of injury. Examine the 
skull for deformities, depressions, and other 
signs of injury. Inspect the eyelids/eyes for 
impaled objects or other injury. Determine 
pupil size, equality, and reactions to light. Look 
for blood, clear fl uids, or bloody fl uids in the 
nose and ears. Examine the mouth for airway 
obstructions, blood, and any odd odors(11).  

   Chest  – Examine the chest for cuts, bruises, pen-
etrations, and impaled objects. Check for frac-
tures. Note chest movements a look for equal 
expansion.  

   Abdomen  – Examine the abdomen for cuts bruises, 
penetrations, and impaled objects. Feel the 
abdomen for tenderness. Gently press on the 
abdomen with the palm side of the fi ngers, not-
ing any areas that are rigid, swollen, or painful. 
Note if the pain is in one spot or generalized.  

   Lower Back  – Feel for point tenderness, defor-
mity, and other signs of injury. Look for wet-
ness caused by incontinence or bleeding or 
impaled objects. In male patients check for 
priapism (persistent erection of the penis). 
This is an important indication of spinal injury  

   Lower Extremities  – Examine for deformities, 
swellings, bleedings, discolorations, bone pro-
trusions and obvious fractures. Check for a dis-
tal pulse. The most useful is the posterior tibial 
pulse which is felt behind the medial ankle.  

   Upper Extremities  – Examine for deformities, 
swellings, bleedings, discolorations, bone pro-
trusions and obvious fractures. Check for the 
radial pulse (wrist). In children check for capil-
lary refi ll. Check for motor function and strength.      

7.3     Controlling Bleeding 

 An abnormal external or internal discharge of 
blood is called a  hemorrhage.  The hemorrhage 
may be venous, capillary, or arterial and may be 
external or internal. Venous blood is characteris-
tically dark red with a continuous fl ow, whereas 

   Table 7.2    Explanation of the TOTAPS injury assess-
ment tool   

  Keyword    Action  

 Talk    Ask the player what happened 
   Where does it hurt? 
   What kind of pain is it? 

 Observe  Look at the affected area for redness or 
swelling 
 Is the injured side different from the 
other side? 

 Touch  Touch indicates warmth for 
infl ammation and also assesses pain 

 Active 
movement 

 Ask the injured player to move the 
injured part without any help 

 Passive 
movement 

 If the player can move the injured part, 
ask them to try to move it through its 
full range of motion 

 Skill test    Did the active and passive 
movements produce pain? If not, 
can the player stand and 
demonstrate some of the skills 
from the game carefully? 

   If an injury is identifi ed, remove the 
player from the activity immediately 

   Table 7.3    Vital signs   

  Pulse  

 Descriptors: regular, irregular, strong, or weak 

 Adult 60–100 beats per minute 

  Blood pressure  

 Systolic/diastolic 

 Adult 90–140 mmHg/60–90 mmHg 

  Respirations  

 Descriptors: normal, shallow, labored, noisy, 
Kussmaul 

 Adult (normal) 12–20 breaths per minute 
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arterial bleeding fl ows in spurts and is bright. It is 
essential to take  universal precautions  to mini-
mize this risk. Disposable non-latex gloves 
should be used routinely whenever the coach 
comes in contact with blood or other body 
fl uids. 

  External Bleeding     External bleeding stems 
from open skin wounds such as abrasions, inci-
sions, lacerations, punctures, or avulsions. The 
control of external bleeding is most effectively 
accomplished by use of direct pressure. Elevation 
and pressure points may also help to control 
bleeding.  Pressure  applied directly over a wound 
with the hand over a sterile gauze pad is now rec-
ommended as the primary technique for control-
ling bleeding. The pressure is applied fi rmly 
against the resistance of a bone unless there is an 
underlying fracture (Fig.  7.1 ). As a gauze pad 
becomes soaked, additional pads should be 
placed on top of those already in place to facili-
tate the clotting process. Pressure may also be 

applied with a compression bandage holding 
sterile gauze in place over the wound.  Elevation  
could help the reduction of external hemorrhage. 
Elevating a hemorrhaging part against gravity 
reduces blood pressure and facilitates venous and 
lymphatic drainage; consequently, elevating 
slows bleeding.   

 When direct pressure combined with elevation 
fails to slow hemorrhage, the use of pressure 
points may be the method of choice. The two 
most commonly used are the brachial artery in 
the upper limb and the femoral artery in the lower 
limb. The brachial artery is compressed against 
the medial aspect of the humerus, and the femo-
ral artery is compressed as it is detected within 
the femoral triangle. 

  Internal Hemorrhage     Internal hemorrhage is 
invisible to the eye unless manifested through 
some body opening and it is very dangerous. 
When internal hemorrhaging occurs, either sub-
cutaneously, such as in a bruise or contusion, or 
intramuscularly, in joints, the athlete may be 
moved without danger. However, the detection of 
bleeding within a body cavity must be considered 
as an emergency because it could mean the 
 difference between life and death. Athletes with 
internal injuries require hospitalization under 
complete and constant observation by a medical 
staff to determine the nature and extent of the 
injuries. All severe hemorrhaging eventually 
results in shock and should therefore be treated 
on this premise. The athlete should be kept quiet 
and body heat should be maintained at a constant 
and suitable temperature.   

7.4     Emergency Splinting 

 If an athlete appears to have a fracture, an emer-
gency rescue squad should be immediately called 
and the suspected fracture should be splinted 
before the athlete is moved [ 12 ]. Transporting a 
person with a fracture without proper immobili-
zation can result in increased tissue damage, 
hemorrhage, and shock. The application of 
splints should be a simple process through the 
use of commercial emergency splints .  

  Fig. 7.1    Example of control of external bleeding by use 
of direct pressure       
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 The principles of good splinting are [ 1 ] to 
splint from one joint above the fracture to one 
joint below the fracture and [ 2 ] to splint the injury 
in the position he is found. If at all possible, do not 
move the athlete until he or she has been splinted. 

 Evaluation of the injured extremity is usually 
complicated by protective equipment, such as 
clothing, padding, or tape, which must be 
removed to allow complete visualization of the 
injury. In addition, the athlete will often mini-
mize the injury in an attempt to return to play. It 
must be considered the mechanism of injury and 
hazards of the sport to determine the extent of 
evaluation needed. If there is limb deformity, 
crepitation, ecchymosis, or swelling, the need for 
radiographs may be obvious. Other clues include 
pain with weight bearing, pain with joint manipu-
lation distal and proximal to the injury, pain or 
abnormal bone motion with applied stress, and 
bruising distal to the injury site. In addition, any 
defect in the overlying skin may signal an open 
fracture, which may require urgent orthopedic 
referral. The neurologic and vascular status distal 
to the site of the injury must always be assessed. 
Assessment of neurologic status should include 
both motor and sensory components. Motor func-
tion is evaluated by observing the range of motion 
in joints or digits distal to the injury. Sensory 
examination should include a light touch and 
two-point discrimination when appropriate. 
Vascular status of the injured limb is assessed by 
palpating pulses distal to the injury. 

7.4.1     Splinting Principles 

 Several principles apply in splinting. Splints 
should be well padded to avoid damage to skin 
and superfi cial tissues. This is often accom-
plished by wrapping elastic bandages around the 
splint material or by using a soft material such as 
a cotton prewrap to cover the injured limb. 

 When possible, the joints above and below the 
injury should be immobilized with the splint. 
Elastic bandages are generally used to apply the 
splint. Care must be taken to avoid applying these 
dressings too tightly and thus impairing distal 
perfusion. The treating provider must reassess 

the neurovascular status after applying the splint 
and periodically while awaiting defi nitive care. 

 Keep in mind that improvisation is often nec-
essary. For example, if no appropriate splinting 
material is readily available, a lower leg injury 
can often be protected by “buddy taping” the leg 
to the uninjured leg. Similarly, an injured fi nger 
can be secured to the adjacent fi nger for tempo-
rary protection. Splints can be fashioned from a 
wide variety of materials, including the athlete’s 
equipment or coach’s supplies [ 13 ]. 

 An ice bag can be incorporated into the splint 
by wrapping it in the elastic bandage. Care must 
be taken to remove the ice periodically to avoid 
cold injury to soft tissue. In general, the ice 
should be applied for no more than 10 min at a 
time. The injured extremity should also be ele-
vated to minimize swelling. 

 IMPORTANT: On-fi eld reduction should be 
avoided.  

7.4.2     Type of Splinting 

 The  rapid form vacuum immobilizer  is a new type 
of splint that is widely used on athletic fi eld 
(Fig.  7.2 ). It consists of Styrofoam chips con-
tained inside an airtight cloth sleeve that is pli-
able. It can be molded to the shape of any joint of 
angulated fracture using Velcro straps. A hand-
held pump sticks the air out of the sleeve, giving 
it a cardboard-like rigidity. An  air splint  is a clear 
plastic splint that is infl ated with air around the 
affected part. It can be used for extremity splint-
ing, but its use requires some special training. 
This splint provides support and moderate pres-
sure to the body part. It should not be used if 
there is risk of alteration of a fracture deformity.   

7.4.3     Injury-Specifi c Splints 

 The following splints for commonly seen frac-
tures are intended to protect a suspected fracture 
during transport and while awaiting defi nitive 
treatment. They may also be used for short-term 
immobilization of serious soft tissue injuries 
before bracing and rehabilitation. 
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  Femoral Shaft     These injuries are rare in team 
sports but are seen in high-velocity activities such 
as skiing, cycling, and equestrian sports. Because 
of the potential for severe vascular injury and the 
loss of substantial amounts of blood, femoral shaft 
fractures can represent a true emergency. The fi rst 
choice is a traction splint, but a long backboard or 
long rigid splint may also help to stabilize the 
injury for transport. Athletes who have a suspected 
femur fracture should be transported as soon as 
possible for further evaluation and treatment.  

  Tibial and Fibular Shaft     Fractures of the lower 
leg usually follow a direct blow. Typically these 
injuries involve ecchymosis, swelling, and ten-
derness over the fracture site and pain with 
weight-bearing activities. Suspected lower leg 
fractures should be immobilized using a plaster, 
metal, or wire posterior splint or foam leg splint.  

  Ankle     In serious ankle injuries, the mechanism 
of injury provides substantial clues to the pres-
ence and location of a fracture. Inversion (adduc-
tion) injuries commonly result in damage to the 
lateral ligaments, or they can lead to an avulsion 
fracture of the distal fi bula. With eversion (lateral 
rotation and abduction) injuries, the talus acts as 
a wedge between the tibia and fi bula, resulting in 
injury to the deltoid ligament, syndesmosis, and, 
frequently, the proximal fi bula (Maisonneuve 
fracture). The medial malleolus may also be 

 fractured with an eversion injury. The more 
severe trimalleolar fracture usually occurs with 
axial loading, as in jumping from a height.  

 Evaluation of the acutely injured ankle should 
include palpation of the proximal fi bula, particu-
larly with eversion injuries. While debate contin-
ues regarding radiographic evaluation of the 
acutely injured ankle, all but the most mild ankle 
sprains probably warrant x-rays. 

  Foot and Toe     Fractures of the hindfoot and mid-
foot include calcaneal, talar, and metatarsal frac-
tures. These injuries are usually splinted using a 
posterior “L” splint, and the athlete does not bear 
weight until the evaluation is complete. 
Nondisplaced fractures of the phalanges can be 
splinted with “buddy taping” and placing the ath-
lete in a rigid shoe for comfort.  

  Elbow     Fractures of the elbow commonly result 
from a fall on an outstretched hand with the 
elbow in extension. These fractures range from 
the relatively minor radial head fracture to the 
supracondylar fracture-dislocation, which 
requires urgent orthopedic referral. In general, 
suspected fractures of the elbow can be splinted 
in a posterior elbow splint in 20°–30° of fl exion. 
Alternatively, radial and ulnar straight splints can 
be applied with elastic bandages. The injured arm 
is then placed in a sling for comfort until radio-
graphs are obtained.  

  Fig. 7.2    Example of 
emergency splinting by the 
rapid form vacuum 
immobilizer       
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  Forearm and Wrist     Shaft fractures of the long 
bones of the forearm are prone to severe displace-
ment. Thus, all suspected forearm and wrist frac-
tures must be radiographed. The forearm and 
wrist can be immobilized using a preformed rigid 
wrist splint or by constructing an ulnar or radial 
gutter splint from available casting material.  

  Hand and Finger     Metacarpal fractures com-
monly occur in contact sports. A number of man-
ufactured splints can help immobilize these 
injuries. Alternatively, an ulnar gutter splint can 
be constructed using plaster or fi berglass.  

 Phalangeal fractures occur frequently in ball 
and contact sports. Care must be taken in the 
evaluation of these injuries because of the high 
incidence of associated tendon and ligament inju-
ries. Splinting options for these fractures include 
preformed plastic orthoses, aluminum and foam 
moldable splints, and rigid metal immobilizers. 
Alternatively, the fi nger can be immobilized by 
“buddy taping” it to the adjacent fi nger until the 
evaluation is complete. 

  Splinting of the Spine and Pelvis     Injuries 
involving a possible spine or pelvic fracture are 
best splinted and moved using a spine board (see 
below, moving and transporting the injured 
athlete).    

7.5     Immediate Treatment 
Following Acute 
Musculoskeletal Injury 

 Musculoskeletal injuries are extremely common 
in sports. Appropriate fi rst aid must be provided 
immediately to control hemorrhage and associ-
ated swelling. Every initial fi rst-aid effort should 
be directed toward one primary goal – reducing 
the amount of swelling resulting from the injury. 

 If swelling can be controlled initially, the 
amount of time required for injury rehabilitation 
will be signifi cantly reduced. Initial management 
of musculoskeletal injuries should include pro-
tection, rest, ice, compression, and elevation 
(PRICE). It can be used even by someone with-
out fi rst-aid training and should be used immedi-

ately when an injury occurs – the earlier, the 
better – while further medical attention is being 
sought. 

 If the athlete experiences too much pain dur-
ing the process, stop immediately. 

 The PRICE protocol consists of:

    “P” – Protection   
  Protect the injured person and the area being 

treated, but also protect yourself. If the injury 
occurs on the sports fi eld, stop the game.  

  If the athlete can move, carefully move them to a 
safer area using a stretcher or a crutch, but if 
there is any doubt, do not move the injured 
athlete. If there is a fracture or some joint 
instability, the injured structure should be 
immobilized with some type of splint or brace.   

    “R” – Rest   
  Rest after any type of injury is an extremely impor-

tant component of any treatment program. At 
the time of injury, it immediately begins the 
healing process. If the injured part is not rested 
and is subjected to external stresses and strains, 
the healing process could be delayed.  

  There are fi ve warning signs of infl ammation: 
pain, redness, tissue hotness, swelling, and 
loss of function.  

  Not every injury exhibits all these signs, but if the 
athlete is in pain, then it is important to stop 
exercising immediately to avoid further dam-
age. The duration of the resting period neces-
sary to avoid further damage depends on the 
severity of the injury. Parts of the body that 
have experienced minor injury should be 
rested for approximately 48 h to 72 h before 
the beginning of a rehabilitation program.   

    “I” – Ice   
  The initial treatment of acute injuries should use 

cold. Therefore ice is used for most conditions 
involving strains, sprains, and contusions.  

  Ice is the recommended treatment for acute inju-
ries. It is especially helpful to reduce swelling 
and control pain. Ice is most effective when it 
is applied early and often for the fi rst 48 h.  

  Ice should be wrapped in cloth or toweling before 
being placed onto the skin for an initial period 
of 5 min; if the skin is red after this time, the 
ice should be taken off. If the skin is normal 
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color, the ice pack should be placed on the 
injured area for another 5 or 10 min. Ice should 
generally not be left on the skin for more than 
20 min as this may cause damage to the sur-
face of the skin. A good rule is to repeat the 
application of cold pack at intervals of 30 min.  

  Ice pack should be applied to the area for at least 
72 h after an acute injury. With many injuries, 
regular ice treatments may be continued for 
several weeks. For example, a mild strain will 
probably require 1–2 days of cold application, 
whereas a severe knee or ankle sprain may 
need 3–7 days of intermittent cold.   

    “C” – Compression   
  Immediate compression of an acute injury is per-

haps more important than ice in controlling 
swelling and in reducing infl ammation. The 
most signifi cant effect of compression is to 
reduce internal bleeding in the soft tissue sur-
rounding the injury. Although cold is applied 
intermittently, the compression wrap should 
be left in place throughout the day and, if pos-
sible, also during the night. This type of 
 compression is  different  from direct pressure 
applied to control bleeding.   

    “E” – Elevation   
  For both upper and lower limb injuries, it is 

equally important to keep the limb elevated to 
minimize swelling. Elevation to the level of 
the heart or above allows for excess fl uid to be 
pumped back into the blood vessel system and 
will help prevent further swelling from occur-
ring. The greater the degree of elevation, the 
more effective the reduction in swelling.     

7.6     Moving and Transporting 
the Injured Athlete 

 Moving, lifting, and transporting the injured ath-
lete must be executed using techniques that pre-
vent further injury. There is no excuse for poor 
handling of the injured athlete. Planning should 
take into consideration all the possible transpor-
tation methods and the necessary equipment to 
execute them. Capable and well-trained person-
nel, spine boards, stretchers, and a rescue vehicle 
may be needed to transport the injured athlete. 

7.6.1     Suspected Spinal Injury 

 When spinal injuries are suspected, immediately 
call the emergency and wait until the rescue 
squad arrives before attempting to move the ath-
lete. The only exception is in cases in which the 
athlete is not breathing, and logrolling the athlete 
onto the back is required for CPR. 

 A suspected spinal injury requires extremely 
careful handling and is best left to properly 
trained paramedics or athletic trainers who are 
more skilled and have the proper equipment for 
such transport. If such personnel are not avail-
able, moving should be done under the express 
direction of a physician, and a spine board should 
be used. One danger inherent in moving an ath-
lete with a suspected spinal injury, in particular a 
cervical injury, is the tendency of the neck and 
head to turn because of the victim’s inability to 
control his or her movements. Torque so induced 
creates a possibility of spinal cord or root damage 
when small fractures are present. The most 
important principle in transporting an individual 
on a spine board is to keep the head and neck in 
alignment with the long axis of the body. In such 
cases it is best to have one individual whose sole 
responsibility is to ensure and maintain proper 
positioning of the head and neck until the head is 
secured to a spine board (Fig.  7.3 ).  

  Placing the Athlete on a Spine Board     Once an 
injury to the neck has been recognized as severe, 
a physician and rescue squad should be sum-
moned immediately. After the rescue squad has 
been called, the coach should assume the respon-
sibility for providing primary emergency care that 
involves maintaining normal breathing, treating 
for shock, and keeping the athlete quiet and in the 
position found until medical assistance arrives. 
Ideally, transportation should not be attempted 
until the physician has examined the athlete and 
has given permission to move him or her. Once 
the rescue squad arrives, they assume responsibil-
ity for positioning the athlete on the spine board 
and carrying the athlete on the spine board to the 
rescue vehicle. The athlete should be transported 
while lying on his or her back, with the curve of 
the neck supported by a rolled-up towel or pad or 
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encased in a stabilization collar. Neck stabiliza-
tion must be maintained throughout transporta-
tion, fi rst to the emergency vehicle, then to the 
hospital, and throughout the hospital procedure. If 
stabilization is not continued, additional spinal 
cord damage and paralysis may ensue.   

7.6.2     Stretcher Carrying 

 Whenever a serious injury other than a spinal 
injury is suspected, the best and safest mode of 
transportation for a short distance is by stretcher; 
with each segment of the body supported, the ath-
lete is gently lifted and placed on the stretcher 
and is carried adequately by four assistants, two 
supporting the ends of the stretcher and two 
 supporting either side (Fig.  7.3 ). Any person with 
an injury serious enough to require the use of a 
stretcher must be carefully examined before 
being moved. When transporting a person with a 
limb injury, be certain the injury is splinted prop-
erly before transport. Athletes with shoulder 

 injuries are more comfortably moved in a semi-
sitting position, unless other injuries preclude 
such positioning. If injury to the upper extremity 
is such that fl exion of the elbow is not possible, 
the individual should be transported on a stretcher 
with the limb properly splinted and carried at the 
side and with adequate padding placed between 
the arm and the body.  

7.6.3     Ambulatory Aid 

 Ambulatory aid is support or assistance given to 
an injured athlete who is able to walk. Before the 
athlete is allowed to walk, he or she should be 
carefully scrutinized to make sure that the inju-
ries are minor. Whenever serious injuries are sus-
pected, walking should be prohibited. Complete 
support should be given on both sides of the ath-
lete by two individuals who are approximately 
the same height. The athlete’s arms are draped 
over the assistants’ shoulders, and their arms 
encircle his or her back.  

a b

  Fig. 7.3    Transportation of an individual on a spine board. These images were taken during a course of primary aid 
devoted to players of Italian Serie A       
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7.6.4     Manual Conveyance 

 Manual conveyance may be used to move a 
mildly injured individual a greater distance than 
can be walked with ease. As with the use of 
ambulatory aid, any decision to carry the athlete 
must be made only after a complete examination 
to determine the existence of potentially serious 
conditions. The most convenient carry is per-
formed by two assistants.   

7.7     Conclusions: Key Points 

 The prime concern of emergency aid is to main-
tain cardiovascular function and, indirectly, cen-
tral nervous system function. All sports 
programs should have an emergency action plan 
that is activated anytime an athlete is seriously 
injured. 

 A systematic assessment of the injured athlete 
should be made to determine appropriate emer-
gency care. A primary survey assesses and deals 
with life-threatening situations. Once stabilized, 
the secondary survey makes a more detailed 
assessment of the injury. 

 External bleeding can be controlled by direct 
pressure, applying pressure at pressure points, 
and by elevation. 

 Protection, rest, ice, compression, and eleva-
tion (PRICE) should be used for the immediate 
care of a musculoskeletal injury. 

 Any suspected fracture should be splinted 
before the athlete is moved. 

 Great care must be taken in moving the seri-
ously injured athlete. The unconscious athlete 
must be handled as though he or she has a cervi-
cal fracture.     
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      Muscle Lesions 

           Ian     F.R.     Beasley    

8.1            Aetiology 

 Football is a contact, multi-sprint and recovery 
sport. Muscle injuries are the most common type 
encountered [ 1 ,  2 ] and can be as a result of contu-
sions, muscle tears, lacerations, ischaemia and 
drug toxicity. It is imperative that when eliciting 
a history of this type of injury, one keeps an open 
mind as to any underlying contribution any of 
these etiological factors may offer. 

 Injury risk during match play is approximately 
seven times that from training [ 1 ]. 

8.1.1     Contusions 

 These are caused by direct trauma and are part 
and parcel of contact sport. The contact can cause 

muscle fi bre disruption, leading to bleeding and 
pain in varying severity. In certain circumstances, 
an area of bleeding may lead to ectopic calcifi ca-
tion (myositis ossifi cans).  

8.1.2     Muscle Tears 

 According to Ekstrand et al. [ 1 ], this is the 
most common type of injury in football. 
Indeed, in the review of the UCL injury study 
[ 1 ], 31 % of injuries were due to lower limb 
muscle injury and caused the biggest injury 
burden. Injury is caused by overstretching the 
muscle, and this happens during an eccentric 
contraction. 

 The sarcomere is the basic contractile unit of 
muscle (Fig.  8.1 ).  
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 The length-tension relationship of a sarco-
mere determines that there is an optimal length 
(or tension) that a sarcomere has when it can pro-
duce its maximal force (Fig.  8.2 ).  

 Once this length is exceeded, the force of 
contraction falls, and with continued stretch, the 
sarcomere is unable to engage its actin and myo-
sin to counteract the increasing length. The 
decline quickens, and the counteractive genera-
tive force becomes less (Fig.  8.3 ).  

 The sarcomere continues to lengthen, and the 
fi bre eventually becomes disrupted [ 3 ,  4 ]. 
Damage of the cytoskeletal proteins then occurs 
as the disruptive force gains momentum. Bleeding 
and pain ensues, and disruption to the microtu-
bules and sarcoplasmic reticulum causes an 
increase in local calcium concentration. This and 
the increased neural signalling that occurs with 
injury contribute to the local spasm encountered 
with muscle tears. 
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8.1.2.1     Lacerations 
 Muscle lacerations in football are usually asso-
ciated with contact with footwear. It is manda-
tory that all players’ boots are checked by the 
referee before they take the fi eld of play. 
Substitutes are checked on the touchline by the 
4th offi cial as they enter the fi eld. In spite of 
this, lacerations do occur. There has been debate 
as to whether blades (a type of stud) are respon-
sible for this [ 5 ], but no evidence has emerged to 
confi rm this.  

8.1.2.2     Ischaemia 
 Ischaemia usually occurs as a result of pressure 
build up in a muscle compartment. 

 Muscles are enclosed in a fascial compart-
ment. As exercise commences, blood fl ow into 
the muscle increases; this is a normal physiologi-
cal response and is enhanced with training. The 
muscle swells slightly with this engorgement. If 
the swelling increases to the stage where the fas-
cial casing cannot accommodate, the pressure 
within the compartment rises. This rise in pres-
sure can be suffi cient to inhibit venous drainage, 
causing pooling of blood in the muscle and a fur-
ther rise in pressure. Eventually, this process 
inhibits oxygenation of muscle fi bres (by inhibit-
ing arterial fl ow), causing pain of ischaemia. 
Ceasing the offending exercise causes a reversal 
of this process, and the pain subsides. This is 
compartment syndrome and, in the majority of 
cases, occurs in the deep posterior compartment 
of the calf [ 6 ]. 

 More seriously, bleeding after a direct blow to 
a muscle can rapidly increase pressure within a 
compartment to dangerous levels. Worsening 
pain that does not settle with inactivity is a fea-
ture of this ‘acute compartment syndrome’ and is 
an emergency that requires surgical intervention. 
Failure to do so causes a severe rise in pressure 
that exceeds local arterial pressure, cuts off any 
blood supply, and will cause tissue death unless 
the local pressure is reduced by performing a 
fasciotomy. 

 Other causes are constricting dressings/ban-
dages or plaster casts that are applied to injuries. 
A basic pathological principle of any injury is 
that it will swell. If, in the acute phase, a dressing 
or cast is applied to an injury too tightly, this will 
cause an increase in pressure just as the swelling 
inevitably occurs. It is imperative that any such 
dressing or cast be removed if there are any 
concerns.  

8.1.2.3     Drug Toxicity 
 The treatment of infl ammatory illnesses such as 
bowel disease, asthma and arthropathies can 
necessitate the use of corticosteroid medication. 
This type of medication is well known to cause 
proximal myopathy and has been reported to 
cause muscle disease in up to 50 % of those on 
long-term therapy [ 7 ].    

8.2     Injury Mechanism 

 Pattern recognition when history taking is an 
important part of any clinicians’ modus operan-
dum. The clinician must have in mind the possi-
bilities that may have resulted in injury, and 
match these with the fi ndings from the player 
encounter, and formulate a working diagnosis. 
This leads to appropriate further investigation 
and on to treatment planning. 

8.2.1     Contusions 

 The history is usually clear, and a story of a colli-
sion or sustaining a kick is almost invariably the 
case; this may be associated with foul play. The 
player may need to be substituted when this hap-
pens and may not be able to take any further part 
in the match. There is a tender area around the 
site of the injury, which may be heralded by skin 
abrasion if the injury was associated with a kick. 
Swelling is present. This phenomenon was 
reported over 100 years ago [ 8 ].  
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8.2.2     Muscle Tears 

 Following on from the section in  Etiology  above, 
it is apparent that muscle tears occur when a mus-
cle is stretched beyond the point where the nor-
mal resistance to stretch by use of actin and 
myosin is overcome. With reference to the force- 
velocity curve (diagram 3), therefore, this occurs 
during the eccentric (lengthening) phase of mus-
cle contraction. 

 In order of scale, the four lower limb muscle 
groups that are reported as injured are ham-
strings, groin, quadriceps, and calf [ 1 ]. 

 Hamstring muscle injury, being the most com-
mon in football [ 1 ], has been extensively studied, 
with the hope that mechanism might lead to a 
prevention strategy. 

 Chumanov et al. have examined possible 
mechanisms of tears of this muscle and have 
come to the conclusion that it is during the late 
swing phase of sprinting that this muscle is 
injured [ 9 – 11 ]. At this time, the hamstring is 
lengthening. If the muscle contractile tissue can-
not resist this, injury occurs. 

 Groin muscle injuries are common and can be 
troublesome [ 12 ]. In this study, Hölmich et al. 
found that approximately half of ‘groin injuries’ 
were due to muscle injuries, which were more 
common on the dominant side. Werner et al. [ 13 ] 
found a similar incidence of adductor muscle 
injury in a study of generic groin injury in profes-
sional footballers over seven seasons. Age and 
previous injury were directly proportional to 
injury occurrence. The same principle of inability 
to control overstretching applies to this muscle, 
with similar muscular and regional anatomical 
complexities that might expose it to injury. 

 Quadriceps strain involves the rectus femoris 
more than the other muscles of this complex [ 14 ]. 
This injury has been reported as being 5 % of the 

total injury burden (cf 12.8 % for hamstrings, 
9.2 % for groin muscle injury), but caused the 
greatest time absence according to Ekstrand [ 1 ]. 

 In a review of injuries to this muscle 
(Mendiguchia et al. [ 15 ]), the mechanism is 
once more cited as overstretching of the muscle 
during an eccentric contraction, which is often 
in the action of kicking a ball. The difference 
with injuries involving this muscle is that cen-
tral tendon involvement extends the absence 
from play [ 16 ]. 

 The gastrocnemius is the most commonly 
injured muscle in the calf, the site of injury being 
its medial head [ 17 ]. 

 Its bi-articular anatomy means that it is more 
prone to overstretching. Although soleus injury is 
less common, it often presents with a less dra-
matic history [ 17 ]. Both are more common with 
age [ 18 ]. 

 Due to its position below the knee, the calf is 
more prone to lacerative injury (from kicks either 
accidental or deliberate) and is the site for deep 
posterior compartment syndrome. The mecha-
nism for this particular injury has been explained 
above.   

8.3     Clinical and Diagnostic 
Examination 

 Before attempting any examination, a full his-
tory should be taken. This will include the injury 
itself, but also past injury history. Hagglund 
et al. [ 19 ] showed in a study over two seasons in 
the Swedish professional football league that 
previous injury is a risk factor that has to be 
taken into account. The same group [ 20 ] con-
fi rmed this fi nding and that older age and kicking 
leg were also associated with a higher injury 
rate. 
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 Once a full history has been taken and recorded, 
the examination can begin. This should take the 
form of look (inspect), move (active/passive), feel 
(palpation) and image. 

 Look for any signs of swelling, bruising or red-
ness that will indicate the site of the injury. Ask 
the player if the part you think is involved is, in 
fact, where the pain originates. Players will often 
have multiple bumps and bruises from matches. 

 Then start with the ‘normal’ side! 
 Ask the player to move the equivalent contra-

lateral, non-injured, part. If they can, then assess 
the range they can attain, and test the passive 
range as well. This can then be carried out on the 
injured side, ensuring that the player is not expe-
riencing pain and spasm that prohibits movement 
and that there is no possibility of extending any 
injury that may be present. 

 Palpation of the injured area can then be carried 
out. Again, start with the normal side. Heat from 
infl ammation and freezing cold extremities in a 
possible vascular compromise are important early 
and easy things to assess. They help the clinician 
gain the confi dence of the player, who may be 
fearing more pain from heavy handedness, whilst 
examining an injured, and already painful, area. 

 Palpation of an injured muscle will demon-
strate the site of tenderness and give an idea of 
where the injury is anatomically. It may be 
 possible to feel a defect, or an area of swelling, 
giving some indication of severity. 

 There may be some ‘special manoeuvres’ that 
the examiner may want to carry out if it is felt neces-
sary at the time, for instance, straight leg raise or 
slump testing in a player with hamstring pain. If an 
exhaustive history and palpation have been carried 
out, and there is a suspicion that there may be a neu-
ral cause rather than a local disruption, straight leg 
raise or slump test may be carried out with care. 

 This type of manoeuvre should be carried out 
with care. 

 The examination must be done in a calm and 
stepwise fashion, even in the turmoil of a small 
post-match dressing room (where the result may 
not have gone your teams’ way!). 

 If there are any doubts about the fi ndings, ask a 
member of your multidisciplinary team to re- 
examine or at least watch whilst you do. Two heads 
in a diffi cult situation are often better than one. 

 If you have a diagnostic ultrasound available, 
this can be helpful in identifying an inter-/intra-
muscular haematoma (Fig.  8.4 ).  

Intermuscular
haematoma

  Fig. 8.4    Ultrasound scan image of an intermuscular haematoma        
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 These haematomata may be aspirated under 
ultrasound guidance. This may not be possible in 
the acute phase and may be best tackled in the 
tranquillity of the club medical room. 

 Diagnostic ultrasound can identify a muscle 
or tendon rupture, and any acute surgical assess-
ment or intervention can be arranged. It may be 
possible to identify an interruption in the muscle 
substance which constitutes a muscle tear. This 
can be measured and recorded. Muscle tears can 
be followed with ultrasound, in conjunction with 
the clinical picture, and consulting the literature 
on when similar injuries return to play gives the 
clinician some indication of the timetable 
involved [ 1 ]. 

 Coaching staff must be kept up to date on the 
state of the evolving injury. 

 MRI scanning is the gold standard imaging 
modality for muscle injuries. Many MRI features 
of muscle injury have aided clinicians in being 
able to better estimate return to play. The ‘bulls-
eye’ lesion of the rectus femoris (Fig.  8.5 ), show-
ing central tendon involvement, was described by 
Hughes et al. [ 21 ].  

 Orchard [ 22 ] makes the point that in the profes-
sional arena, it can be diffi cult to resist an MRI 
when a player sustains an injury. He cites the study 
by Moen et al. [ 23 ] that the best return to play indi-
cator was how the player felt and the range of 
straight leg raise, rather than the MRI appearances. 

 Nonetheless, there have been studies to show 
that MRI appearances were ‘valuable’ in 

 prognosticating return to play after lower limb 
muscle injuries [ 24 ]. 

 It is to be expected that clinicians will try to 
use all possible imaging modalities as well as 
clinical abilities to assess and grade injuries with 
a view to accurate prognostication, thereby 
enabling an accurate return to play prediction. In 
professional football, this can save a club millions 
of pounds/euros in transfer fees and wages if there 
is more certainty regarding player availability. 

 In this vein, many classifi cation and/or grad-
ing systems have emerged [ 25 – 27 ]. 

 Of course, originally, and going as far back as 
the  1960s , these were based on clinical fi ndings 
only [ 28 ], and Hamilton [ 29 ] asserts ‘categorical 
scales for grading muscle injuries are pragmatic 
and popular with clinicians and patients’. Hence    
the number of such systems that have been 
devised and proposed. 

 The aim is to reach a conclusion on the mag-
nitude of injury and prognosis that is reproduc-
ible; it follows that this lends itself to a more 
accurate idea of return to play.  

8.4     Treatment Strategy 

 After a careful and full history has been taken, 
examination and investigations have been carried 
out and a diagnosis has been reached, a treatment 
strategy should be formulated. 

The ‘bullseye’ sign

The importance being that it is this type
of rectus femoris lesions that take
longer to recover.

  Fig. 8.5    An axial MRI image of a rectus femoris muscle tear        
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 All members of the multidisciplinary team 
should be involved in this. The strategy should 
include timescales that are realistic. Team man-
agement should be kept up to date as the plan is 
formulated and as the player recovers. Reference 
to the literature on the type of injury incurred is 
an integral part of this process. 

 This type of approach enables audit of the 
treatment and rehabilitation process. Comparison 
with ‘norms’ and player to player variations can 
be made and examined with a view to streamlin-
ing the process. 

 Treatment should be split into three main 
areas:

    Acute   
   1st 48 h   
   Ongoing     

  Acute 
 The protection, rest, ice, compression, elevation 
(PRICE) protocol is standard, but often impossi-
ble to follow. If a player sustains a lower limb 
muscle injury and has to travel home, the rest part 
of this acronym is diffi cult to apply. A slightly 
different approach has been proposed by Bleakley 
et al. [ 30 ]. POLICE substitutes ‘R’ for ‘OL’ and 
indicates optimum loading as the more prag-
matic, and realistic, tactic.  

 This approach allows that all that could be 
done is done. Although insidious extension of an 
injury can occur, preventing this completely may 
be impossible. 

 Standard therapy is to apply ice and compres-
sion to the area [ 31 ]. 

 This can be carried out using compression 
bandages or using a proprietary product that sup-
plies pressure and cryotherapy concurrently. 
Decreasing the temperature of a cellular system 
means it will require less oxygen, and in an 
injured state, where oxygenation of tissues is less 
than optimum, this affords some protection to 
(further) hypoxic damage and cell death. It is 
important to continue this treatment whilst travel-
ling from a playing venue. 

 Although cryotherapy is a part of the standard 
treatment in muscle injuries, Bleakley et al. [ 32 ] 
and Bizzini [ 33 ] point out that there is a dearth of 
scientifi c evidence supporting its use. Animal 

studies have shown reduction in tissue tempera-
ture after injury with ice application, but similar 
evidence is lacking in humans; the point is made 
that reductions in tissue temperature may be less 
in humans given the deeper siting of some muscle 
injuries. 

 Compression of the area should be applied 
[ 34 ]. After a working diagnosis has been made, 
and ice has been applied, the player will need to 
shower and dress. Minimising oedema and bleed-
ing at this time is an important part of the ‘protec-
tion’, as the injured muscle, almost always 
dependant (w.r.t. gravity) during this period, will 
be at risk of excessive swelling. Compression 
will decrease the local tissue pressure, by decreas-
ing oedema and lymphatic and capillary ‘leak’ – 
a normal feature of infl ammation. This will limit 
disruption to the normal vascular physiology, 
which optimises oxygenation to tissues 

 In a similar way, elevation of the injured part 
will decrease cellular pressure, by helping any 
fl uid of oedema to drain proximally rather than 
pool around the injured part. 

 All these strategies aim to minimise further 
damage and pain for the player: the gain may be 
small, but may mean a return to play 1 or 2 days 
earlier. 

 This treatment should continue for 24 h, with 
icing for 10 min per 30 for the fi rst 12 h. 10 min 
per hour is reasonable after this. 

 In the acute phase, and if available, ultrasound 
examination may be able to give an early idea of 
the extent of the injury. 

 During this phase of treatment, any further 
investigations should be planned and performed. 
With all investigations, and a summary of the 
clinical fi ndings as the injury has evolved, it is 
now possible to formulate a treatment and reha-
bilitation protocol. As mentioned above, this 
should involve the medical, sports science and 
strength and conditioning of staff working with 
the team. Milestones can be estimated. Devising 
a strategy for treatment in this way ensures that 
all staff, including coaching staff, will have an 
idea of when a return to play might be possible. 

 After the fi rst 48 h of treatment, a graduated 
exercise programme should begin. 

 At all times, it is imperative that staff keep an 
open mind on how a player is progressing against 
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the milestones laid out in the treatment strategy. 
Any doubts should herald a reassessment of the 
original diagnosis, investigations and whether the 
strategy was unrealistic. 

 Audit of the process and outcomes, with feed-
back, is essential. 

 Trying to modify the physiological response 
to injury, in an effort to promote healing and 
effect an early return to play, is a natural urge for 
all concerned in player care. To this end, a num-
ber of treatments have been proposed. Traumeel 
and Actovegin use in the acute phase of injury 
have been employed for many years, and Lee 
et al. [ 35 ] describe a pilot study where 4 players 
in a treatment group with grade 1 (hamstring) 
injuries returned to play 8 days sooner (Actovegin 
only) than controls. Another group [ 36 ] suggest 
that Traumeel and Actovegin use should be the 
preserve of those experienced in its use. Reurink 
et al. [ 37 ] conclude that there is limited evidence 
to support its use and suggest that further research 
should be undertaken in their use. 

 PRP has gained a lot of attention. The fact that 
it is autologous and has some logic attached to its 
use has meant that its use in injury management 
has mushroomed. The IOC [ 38 ] published a con-
sensus on its use and concluded that there is a lack 
of evidence to support its use, but made a fi nal 
recommendation that more research should be 
carried out on the basic science leading to its ther-
apeutic use. Reurink et al. [ 39 ] conducted a clini-
cal trial of 80 athletes with hamstring tears and 
found no difference in resuming sport between 
the treatment with PRP and non-PRP groups. 

 Nonsteroidal anti-infl ammatories are com-
monly used in football, and Tscoll et al. have 
identifi ed their excessive use [ 40 ]. However, 
there have been many studies that have shown 
that early use of these drugs can lessen the 
strength of muscle fi bres once healing has taken 
place [ 41 ], and their use in the fi rst 48 h of a mus-
cle being injured should be avoided. 

 Muscle contusions should follow the same 
early treatment regimen. To avoid heterotopic 
calcifi cation excessive movement and massage to 
the injured area should be avoided. If calcifi ca-
tion does occur, Indomethacin is effective in 
restricting its genesis. 

 Compartment syndrome can be troublesome, 
although uncommon in footballers. Surgery to 
decompress the offending compartment may be 
necessary if symptoms persist, and the diagnosis 
is confi rmed. Acute compartment syndrome 
requires urgent surgical intervention (see above). 

8.4.1     Rehabilitation and Return 
to Play 

 There is an overlap between treatment and reha-
bilitation that starts as soon as the treatment/
recovery strategy has been decided upon. 

 Treatment time will decrease as the injury 
recovers and return to play looms. Rehabilitation 
in all its forms will become more and more prom-
inent. With progression, reinjury prevention must 
be addressed. At the beginning of the process, all 
those involved in the care of the player are aware 
of this, but spend a small amount of time address-
ing this particular aspect. As time moves on, it 
becomes more and more important. 

 De Vos [ 42 ] states how important it is for the 
team physician to accelerate recovery and get 
athletes playing again as quickly as possible. 

 There are some basic physiological principles 
that one should consider, beginning with how a 
muscle injury heals. Muscle tissue contains satel-
lite cells, without which it cannot regenerate. 
These are basically muscle stem cells [ 43 ]. 

 It is also reported that eccentric exercise 
encourages satellite cells to multiply [ 44 ,  45 ] and 
affect muscle regeneration in the face of damage 
caused by injury. 

 The use of this pathophysiological process is 
important in the rehabilitation and return to play 
pathway. In other words, the route to recovery 
from muscle injury is via exercise. The Dreyer 
and Parise studies, mentioned above, used aero-
bic exercise and eccentric contractions to exam-
ine satellite cell proliferation and fi nd it present 
in they types of exercise. 

 In the therapeutic phase of a muscle injury and 
assuming the whole process is on track, range of 
motion of the injured part should reattain its pre- 
injury state (it is therefore important that this is 
understood, by having screened/profi led players 
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before the season starts and at midseason). 
Central (core) stability is an integral part of this 
process [ 37 ]. 

 It must be remembered that the muscle is just 
a part of the player and that a holistic approach 
should be taken when rehabilitating a player to a 
position where they are available for selection 
again. 

 Cardiovascular fi tness is important to main-
tain and may require rehabilitation involving 
water immersion/swimming. Other parts of the 
musculoskeletal system can become decondi-
tioned, and this should be kept in mind; the player 
should be given programmes to offset this possi-
bility. It is well known that players may have 
emotional diffi culties, especially with longer- 
term injuries. POMS ( P rofi le  O f  M ood  S tates) 
questionnaires are a useful tool to follow mood 
during the rehabilitation period. Spending time at 
a club training ground,  not  training with your 
teammates, and doing extra sessions when only 
staff are present can be demotivating for the 
player and interfere with physical progress.  

8.4.2     Return to Play 

 The question that    the team physician and every-
one else in the multidisciplinary team is asked on 
a daily basis, by the club manager and coach, or 
by a fan in the street! This is why the ‘business 
end’ of injury management is studied so avidly 
and is of high pressure. 

 There is no doubt that investigations are useful 
[ 29 ,  46 ]. 

 Correlation of MRI fi ndings with return to 
play via accurate diagnosis and knowledge of 
MRI features that may denote a more, or less, 
problematic injury can only be helpful. 

 Together with the various classifi cation sys-
tems [ 25 – 27 ], there are now more tools to aid 
accurate diagnosis and prognosis than there has 
ever been. As in the rest of medicine, SEM suffers 
that no system is perfect, and this is demonstrated 
by the study carried out by Moen et al. [ 23 ]. 
Taking a thorough history, with reference to the 
known predisposing factors (see above), and per-
forming an adequate examination will augment 
the newer tools that we have to diagnose the grade 

of a muscle injury more accurately and offer a 
prognosis that is credible. Setting out time frames 
and milestones is helpful, but is a guide rather 
than ‘the law’. Auditing this process will enable 
the multidisciplinary team to refl ect (it must be 
done in an open meeting) on the outcomes and 
improve on the process for the inevitable ‘next 
time’. Delvaux et al. [ 47 ] outline the parameters 
used in France and Belgium for return to play fol-
lowing a hamstring injury. There, a seven-part 
assessment is made (complete pain relief, nor-
malised muscle strength assessment, subjective 
feeling reported by the player, normalised fl exi-
bility and achievement of a specifi c soccer test). 

 Tol et al. [ 48 ] report that two thirds of clini-
cally recovered hamstring injuries in football 
players showed ‘at least one isokinetic hamstring 
defi cit of more than 10 %’. This apparent lack of 
full recovery is backed up by the fi ndings of 
Reurink et al. [ 49 ], whose group demonstrated 
that almost 9 out of ten clinically recovered ham-
strings showed increased fl uid signal intensity 
on MRI. 

 De Vos et al. [ 50 ] report some clinical features 
that have some predictive value of re-injury. 

 Despite all this returning to play is always a 
risk; football is an unpredictable game. The risk 
can be stratifi ed by using information from the 
literature, knowledge of the original injury 
(including all examinations and investigations), 
and the status of the player with respect to their 
rehabilitation. There will be occasions when the 
team manager/coach may wish to select a player 
who may not be optimally rehabilitated. The 
team physician must make the manager/coach 
aware of the players’ status to encourage a safe 
return to play.      
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      Hamstring Injuries 

           Gianluca     Melegati      and     Davide     Tornese    

9.1            Hamstring Strain Injuries 

 Muscle injuries are common in football and soccer 
[ 1 – 4 ]. A recent epidemiological study of injuries 
in professional football (soccer) reported that mus-
cle injuries account for over 30 % of all injuries 
and are the cause of injury-related absence in 
about one-fourth of cases [ 5 ]. Muscle injuries pose 
numerous challenges for the team sports physi-
cian. The team medical staff is under considerable 
pressure, particularly in elite football clubs, to 
release players to return to play before biological 
healing is complete. Furthermore, players may 
often remain absent from training and matches for 
extended periods, incurring economic losses for 
their clubs [ 6 ]. 

 Over 90 % of muscle strains in soccer involve 
four major muscle groups: the hamstrings, adduc-
tors, quadriceps, and gastrocnemius. Volpi et al. 
[ 7 ] conducted a 5-year survey of the incidence 
and site of muscle strains in an Italian major 
league team between 1995 and 2000 (fi ve sports 
seasons) and found that the muscle group most 

frequently injured was the quadriceps (33 %), 
followed by the hamstrings (29 %), the adductors 
(19.4 %), and the sural triceps (13 %). In their 
epidemiological study of professional soccer 
players, Ekstrand et al. [ 5 ] reported muscle injury 
rates by site: hamstrings (37 %), adductors 
(23 %), quadriceps (19 %), and gastrocnemius 
(13 %). Very recently, Melegati et al. [ 8 ] reported 
on muscle injuries and reinjuries in an Italian 
professional male soccer team (Series A Italian 
championships) during the 2010–2011 sports 
season. The total hours of exposure were 8,041, 
of which 7,165 (89 %) hours were spent in train-
ing and 876 (11 %) hours in matches, with a 
training-match ratio of 3.8 for that season. A total 
of 64 injuries occurred, 36 (56 %) of which dur-
ing training and 28 (44 %) during matches. 
Muscle strains accounted for 31.3 % (n = 20) of 
all injuries, 14 (70 %) of which occurred during 
training and 6 (30 %) during matches. The mus-
cle groups most often involved were the ham-
strings (femoral biceps and semimembranosus; 
55 %), adductors (long and short adductors; 
15 %), quadriceps (rectus femoris; 10 %), and 
gastrocnemius (10 %). 

 Since the publication of Volpi et al.’s survey in 
2004, more recent studies have revealed a shift in 
the distribution of leg muscle injuries. Our study 
published in 2014 found that hamstring strains 
were the most common muscle injuries, followed 
by injury to the quadriceps, adductors, and sural 
triceps. The high number of quadriceps injuries 
Volpi et al. reported may have been due to the 
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training program the team followed, a regimen 
that favors aggressive quadriceps strength train-
ing using isotonic and isokinetic exercises, pos-
sibly leading to overloading of the anterior thigh 
muscles. 

 In their 5-year epidemiological survey (2003–
2007), the Barcelona FC medical staff [ 9 ] found 
that hamstring injuries were the most prevalent 
type of muscle strains: 396 hamstring pulls 
(14 %) occurred far more often than injury to the 
adductors (260; 9 %), quadriceps (160; 6 %), or 
sural triceps (124; 4 %). Of note, however, is that 
adductor muscle strains again ranked second in 
prevalence, which may be related to the training 
program the team followed. 

 Currently, the hamstrings are the muscle 
group most often injured in soccer. In profes-
sional soccer, hamstring strain injuries account 
for 12 % of all injuries. The factors contributing 
to injury include player age, climate, prevention 
program, match schedule, muscle fatigue, and 
type of playing fi eld turf among many others [ 5 , 
 10 ]. In addition, reinjury rates are high [ 11 ,  12 ]. 
Hägglund et al. [ 13 ], reporting the results of the 
UEFA Injury Study, found that 30 % of ham-
string injuries will recur, creating frustration for 
the injured player and the team medical staff and 
increasing treatment costs and days absent from 
training and matches. Therefore, a better under-
standing of hamstring injury prevention and 
treatment strategies is needed. 

 Among the muscles of the posterior compart-
ment of the thigh (hamstring), the femoral biceps 
is most often susceptible to injury [ 8 ]. In their 
study involving professional football players, 
Ekstrand et al. [ 14 ] reported that of the 180 ham-
string injuries diagnosed by magnetic resonance 
imaging (MRI), 84 % involved the femoral 
biceps, 11 % the semimembranosus, and 5 % the 
semitendinosus. These observations are consis-
tent with fi ndings by Koulouris et al. [ 15 ] who 
assessed the risk of recurrent hamstring injuries: 
Of 31 hamstring injuries, 84 % involved the fem-
oral biceps, 10 % the semimembranosus, and 6 % 
the semitendinosus. The biarticular structure of 
the femoral biceps and other muscles of the pos-
terior compartment of the thigh is thought to be a 
common factor potentially predisposing to injury 

in these muscles. This notion is corroborated by 
the observation that other muscles crossing two 
joints, i.e., gastrocnemius, adductors, and rectus 
femoris, are often injured during sports [ 16 ]. 

 The mean time absent, as classifi ed by ham-
string injury grade in professional soccer players, 
is estimated to be 17 ± 10 days for grade I inju-
ries, 22 ± 11 days for grade II injuries, and 
73 ± 60 days for grade III injuries [ 14 ]. The over-
whelming majority (97 %) of hamstring strains in 
soccer are classifi ed as grade I and grade II inju-
ries [ 7 ,  17 ]. Complete muscle rupture is rare, 
accounting for about 1 % of all hamstring inju-
ries. Grade III hamstring injuries involve the 
muscle belly or, more often, the proximal myo-
tendinous junction and can result in an avulsion 
fracture of the ischial tuberosity or rupture of the 
conjoined tendon off its ischial tuberosity bony 
origin. When this occurs, the injury is complete 
and is sometimes misdiagnosed as a simple ham-
string pull and treated inadequately, leading to 
the risk of chronic pain and potentially severe 
functional impairment [ 18 ]. 

 Hamstring strains are common in sports 
requiring high-speed running and multidirec-
tional acceleration, with alternating rhythm of 
movement and frequent changes in direction [ 19 –
 22 ]. Ekstrand et al. [ 5 ] found that hamstring 
strains most often occur during fast running or 
sprinting. Woods et al. [ 23 ] reported that over 
60 % of hamstring strains in professional English 
football occurred during running. Similarly, 
Brooks et al. [ 24 ] found that 68 % of hamstring 
strains in professional rugby union in the UK 
occurred during running.  

9.2     Mechanisms of Causes 
of Injury 

 The hamstring muscles extend the hip and fl ex 
the knee. In terms of muscle strength, speed, and 
power, the biomechanical requirements for walk-
ing and jogging are far less demanding than for 
sprinting [ 25 ]. Experimental musculoskeletal 
models have shown that peak hamstring torque 
and tension occur during the late swing phase in 
running and that the torque increases with faster 
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running speed [ 26 ]. It has also been shown that 
eccentric hamstring activation increases mark-
edly during running or kicking. Eccentric over-
loading during the late swing phase is thought to 
be a possible cause of mechanism of injury [ 27 , 
 28 ] since the hamstrings generate maximum ten-
sion as they lengthen to decelerate knee exten-
sion. Wood [ 29 ] reported electromyographic data 
on peak torque, power, and activation and ham-
string length during sprinting. The data show that 
eccentric contraction occurs during both the late 
swing phase, before initial contact with the ball 
(foot strike), and the late stance phase before the 
foot is raised and the beginning of takeoff, thus 
confi rming that hamstring strain can occur before 
both foot strike and takeoff. However, hamstring 
strains are more likely to occur during the late 
swing than during the late stance phase because 
during the late swing phase the hamstrings are 
lengthened and, consequently, under tension near 
at the limit of their mechanical resistance [ 30 ]. In 
brief, the hamstrings act eccentrically to slow 
knee extension during deceleration in running. 
Furthermore, deceleration during high-speed 
running is often accompanied by leaning the 
trunk forward, which places additional eccentric 
overload on the hamstrings and increases the risk 
of hamstring strain. The trunk is typically inclined 
forward during dribbling or handling the ball in 
tight spaces, two situations which require rapid 
multidirectional changes in movement, quick 
turns, and leaning the trunk forward to maintain 
control of balance. 

 Hamstring strains can also be caused by kick-
ing. Brooks [ 24 ] reported that about 10 % of 
hamstring muscle injuries in professional rugby 
union occur during kicking and that such injuries 
were associated with longer injury-related 
absence. However, because rugby differs from 
soccer and the mechanisms of cause of injury dif-
fer from one sport to another, knowledge about 
mechanisms of injury cannot be translated indis-
criminately. Muscle activation in kicking is 
described by the “soccer paradox”: the extensor 
muscles are activated during fl exion and the 
fl exor muscles during extension. DeProft et al. 
reported that activation of the quadriceps and 
hamstring muscles is greatest when they oppose 

limb movement: the quadriceps during the load-
ing phase and the hamstring muscles during the 
forward swing phase [ 31 ]. Further confi rmation 
of this observation comes from a study by 
Robertson and Mosher [ 32 ] who found no knee 
extensor activity immediately before ball contact. 
During this phase, eccentric hamstring activity 
predominates, thus reducing the angular velocity 
of the knee and preventing hyperextension. 
Electromyographic studies [ 33 ,  34 ] have shown 
that the eccentric peak torque of the  hamstring 
muscles occurs just before the foot kicks the ball, 
which protects against knee hyperextension but 
places enormous stress on the hamstrings [ 35 ].  

9.3     Diagnosis 

 The diagnosis of hamstring strains is based on 
clinical signs and symptoms, as well as knowl-
edge of the mechanisms of the causes of injury. 
Imaging studies with MRI and ultrasonography 
are essential for confi rming the clinical diagno-
sis. Two types of acute hamstring strain are dis-
tinguished: the one typically occurs during 
sprinting, while the other results from move-
ments that overstretch the hamstrings, as occur 
during simultaneous hip fl exion and knee exten-
sion, for example, during kicking. Woods et al. 
[ 23 ], in their audit of injuries in professional 
football and analysis of hamstring injuries, 
reported that stretch injuries accounted for 17 % 
of all injuries, whereas injuries that occurred dur-
ing high-speed running accounted for 57 % of all 
hamstring strains. 

 Sprinting injuries typically occur at the myo-
tendinous junction proximal to the long head of 
the femoral biceps, whereas stretch injuries occur 
near the proximal origin near the ischial tuberos-
ity and often involve the semimembranosus ten-
don. Though sprinting injuries may more severely 
limit joint function, they normally heal faster 
than stretch injuries. The site can usually be 
located by the worst pain elicited on palpation 
and from MRI fi ndings obtained within the fi rst 
2 weeks following injury. In their study on the 
assessment of acute hamstring strain by MRI and 
clinical examination in sprinters, Askling et al. 
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[ 36 ] found that the closer the hamstring strain is 
to the ischial tuberosity, the longer the rehabilita-
tion time. The study also showed that thorough 
clinical examination performed during the fi rst 
3 weeks following injury can provide useful 
information for the prognosis of hamstring strain 
injuries. 

 Clinical examination will include evaluation 
of muscle strength and pain elicited during active 
muscle contraction, fi rst with isometric then con-
centric movement with the patient in the prone 
position, to determine the range of motion. Also 
useful is to evaluate muscle contraction with the 
knee fl exed at 90°, with intrarotation and extraro-
tation of the tibia to determine whether the medial 
or lateral hamstring muscle is involved. Other 
tests (active knee extension test, straight leg 
raise) are performed to evaluate hamstring mus-
cle fl exibility and maximum length. Such tests do 
not always yield reliable information in cases of 
acute injury, however. Palpation discloses impor-
tant clues about the injury site and so may give an 
initial rough estimate of recovery time. Palpation 
should be carried out proximal to distal along the 
medial and lateral muscle belly, starting from the 
ischial tuberosity, while measuring the distance 
from the tuberosity to the site of maximum pain 
on palpation. During the clinical exam, differen-
tial diagnosis is key to identifying the various dif-
ferent hamstring structures that may be the site of 
posterior pain. Thorough biomechanical evalua-
tion of the lumbopelvic core will disclose whether 
the pain is caused by damage to a nerve root or 
disc or is correlated with a degenerative condi-
tion or lumbar instability, all situations com-
monly encountered in soccer players. 

 While radiography is important for revealing 
bone avulsion of the ischial tuberosity in young 
players, sonography and MRI are appropriate for 
visualizing the area of the injury, which is charac-
terized by edema and sometimes blood accumu-
lation, both of which can be readily revealed by 
ultrasound and high-intensity signal MRI 
(T2-weighted images). MRI is preferable for 
evaluating deep injuries and to identify residual 
scar tissue from a previous injury, a clinical pic-
ture often misdiagnosed as an acute injury on 
sonography. Studies [ 37 ,  38 ] have reported that 

MRI is essential for accurately defi ning the 
length and area of injury, two elements directly 
correlated with the time required for recovery but 
not useful for identifying players at risk for 
potential reinjury.  

9.4     Prognosis 

 Hamstring strain injury site and severity, based 
on clinical and MRI examinations, are useful cri-
teria for determining the duration of rehabilita-
tion and estimating return to play. The injuries 
requiring long recovery times include injury of 
the free proximal tendon and injuries near the 
ischial tuberosity. A direct correlation has been 
shown between lesion length and duration of 
recovery [ 39 ]. Although injuries involving the 
myotendinous junction and the muscle fi bers 
adjacent to it are clinically more severe because 
of greater pain elicited on palpation and less fl ex-
ibility, they tend to heal faster than injuries 
involving only the proximal tendon.  

9.5     Risk Factors 

 Recent clinical studies [ 5 ,  40 ] involving profes-
sional soccer players have reported several fac-
tors that can predispose players to hamstring 
strains, including previous muscle injuries, 
diminished fl exibility, diminished concentric and 
eccentric strength, imbalanced strength between 
agonists and antagonists, muscle fatigue, inade-
quate rehabilitation, player age, and ethnic ori-
gin. One of the most widely recognized risk 
factors is a history of an identical previous ham-
string strain. Hägglund et al. [ 13 ] reported that 
the risk of recurrent injury was three times higher 
in players who had sustained a similar injury dur-
ing the previous playing season than players who 
had not. Engebretsen et al. [ 40 ], in a prospective 
cohort study involving 508 players from 31 ama-
teur clubs during the 2004 playing season, evalu-
ated the potential risk factors by means of a 
questionnaire survey investigating the history of 
previous injuries, clinical examination of ham-
string strains, and functional tests. They found 
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that previous injury was the risk factor that con-
tributed most to recurrence of hamstring injury. 

 A previous history of injury involving other 
muscle groups can raise the risk of recurrent 
injury of the quadriceps and gastrocnemius in 
professional football players, but no published 
studies have reported that this may also be so in 
hamstring injuries. Orchard [ 41 ] reported that in 
Australian football players, hamstring strains are 
associated with a previous gastrocnemius injury. 
Verrall et al. [ 42 ] found that a clinical history of 
previous knee injuries or groin pain raised the 
risk of hamstring injury. They identifi ed an alter-
ation in the biomechanics of the lower limbs as 
the probable cause for the increased incidence of 
hamstring strains. Following an initial problem 
involving the joint, the muscle, or the tendon 
insertion point, the athlete may not be able to 
recover normal biomechanical balance even after 
an adequate rehabilitation program. Although 
such has not been described in football, it may 
hold true for soccer since soccer and Australian 
football involve similar game situations charac-
terized by sprinting, changes in direction, and 
acceleration, all of which can lead to hamstring 
muscle strains. 

 In their study using animal models, Nikolaou 
et al. [ 43 ] suggested that the fi brous scar tissue 
within the muscle seen on histological evaluation 
at 7 days after initial injury might explain the 
elevated risk of reinjury. Other studies have 
reported that previous muscle strain injury can 
set the stage for biomechanical imbalance 
between the lumbopelvic girdle and the lower 
limbs. Brockett et al. [ 44 ] found that previous 
injury can lead to hamstring shortening, resulting 
in higher risk of recurrent injury. Diminished 
agility and ability to stabilize the trunk, as well as 
sacroiliac joint dysfunction have also been sug-
gested as factors contributing to hamstring injury 
[ 45 ,  46 ]. 

 Another factor predisposing players to muscle 
injury, and hamstring strain in particular, is age 
[ 1 ,  42 ,  47 ]. Older players appear, in fact, to be at 
greater risk of muscle injuries, as demonstrated 
in samples of semiprofessional and amateur soc-
cer players but, interestingly, not in elite profes-
sional players. Hägglund et al. [ 13 ], in their 

survey of Champions League teams, found a two-
fold higher incidence of gastrocnemius injuries 
in older players but no association between older 
age and the occurrence of injury to the adductors, 
quadriceps, or hamstrings. 

 Hamstring strain may be correlated with lower 
back problems. Mooney et al. [ 48 ] found 
increased electrical activity and diminished ham-
string fl exibility in patients with lower back pain. 
This means that lower back pain can trigger a 
perturbation in the hamstring muscles which 
manifests as increased muscle tension and may 
be associated with injury. In their retrospective 
study, Hennessey et al. [ 49 ] reported a marked 
prevalence of lumbar lordosis among athletes 
with hamstring strain, indicating a possible asso-
ciation between muscle strain and lumbar pos-
ture. In a recent clinical study involving athletes 
with and without hamstring strain, Emami et al. 
[ 50 ] described activity patterns of the lumbopel-
vic muscles and found that altered core biome-
chanics can lead to the recurrence of hamstring 
injury. 

 In clinical practice, lower back pain often 
manifests with an increase in pain in the posterior 
compartment of the thigh, though this does not 
necessarily indicate muscle injury. The reason is 
that the hamstrings act as target organs and that 
their state of tension is modulated by the motor 
component of the corresponding spinal nerve. 
Spinal nerve irritation due to discal problems, 
joint instability, or degeneration can irritate the 
muscle and thus increase muscle tone. Lower 
back pain is common in sports in general and in 
soccer in particular. It typically results from 
nerve root compression at the last two interverte-
bral discs and manifests with pain in the ham-
strings, gastrocnemius, or peroneal muscles, 
restricting fl exibility and potentially mimicking 
muscle injury [ 51 ]. However, there is no ana-
tomic damage of the muscle fi bers in this clinical 
situation. Recent clinical classifi cations of mus-
cle injuries in sports, such as those devised by 
Mueller-Wohlfahrt et al. [ 52 ] and the Italian 
Society of Muscles, Ligaments, and Tendons 
(ISMu.LT) [ 53 ] identify this clinical presentation 
as a “functional dysfunction” or “nonstructural 
injury.” 
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 The importance of diminished fl exibility as a 
cause of hamstring strain is controversial. 
Orchard et al. [ 54 ] found no correlation between 
a defi cit in hamstring fl exibility and the risk of 
injury, whereas Witvrouw et al. [ 55 ], in their pro-
spective study involving professional Belgian 
soccer players over one competitive season, 
found that as compared with uninjured players, 
the players that had sustained a hamstring or 
quadriceps injury early in the season showed sig-
nifi cantly lower fl exibility in these muscle group. 
Since previous muscle injury is a recognized 
intrinsic risk factor, players that had sustained 
muscle injury during the previous two seasons 
were excluded from the study. Specifi c tests were 
applied to evaluate the fl exibility of the quadri-
ceps, hamstring, adductor, and gastrocnemius 
muscles. Quadriceps fl exibility was measured by 
means of goniometry with the subject lying prone 
on the examination table, the contralateral leg 
resting on the fl oor, and the maximum passive 
knee fl exion measured with the hip fl exed at 90°. 
The hamstring test was performed with the sub-
ject supine, with passive hip fl exion, and with 
extension of the knee to the point at which it indi-
cated the limit of hamstring fl exibility. As defi ned 
by the study protocol, fl exibility less than 90° 
was signifi cantly correlated with a risk of injury. 
Adductor fl exibility was measured by means of 
goniometry, with the subject supine, passive hip 
abduction with the knee extended to the point 
where femoral rotation indicated the limit of 
adductor fl exibility. Gastrocnemius fl exibility 
was evaluated with the subject standing and the 
limb to be assessed positioned behind the contra-
lateral limb and the sole of the foot resting on the 
fl oor in the sagittal axis; dorsal tibiotarsal fl exion 
was performed and the maximum angle mea-
sured. Owing to the small number of adductor 
and gastrocnemius injuries, no conclusions could 
be drawn as to the role of diminished fl exibility in 
these muscles and risk of injury, leaving the 
debate open on whether a correlation exists [ 56 ] 
or not [ 57 ]. 

 Ekstrand et al. [ 58 ] reported that, in addition 
to diminished muscle fl exibility, another factor 
predisposing to muscle injury is inadequate 
warm-up. Hamstring strains are known to occur 

more often when stretching exercise programs 
are not correctly followed; quadriceps strains in 
particular occur when players practice goal shots 
before a warm-up session. Gabbe et al. [ 59 ] noted 
that diminished quadriceps fl exibility can con-
tribute to hamstring strain. 

 Since muscle injuries often occur during 
eccentric muscle activation, it is thought that 
microscopic damage from eccentric exercises 
can sometimes produce macroscopic damage. 
The extent of microscopic damage depends on 
the optimum muscle length for the development 
of active tension, i.e., the joint angle at which 
peak torque is produced. Brockett et al. [ 44 ] 
reported that peak torque values could be 
recorded in previously injured hamstrings that 
were signifi cantly shorter than the uninjured 
hamstrings in the contralateral limb and in the 
group of athletes without hamstring injury. In the 
healthy athletes, the optimal work angle was 
16–34° in knee fl exion. Taking an angle of about 
20° as a typical value of healthy hamstrings, sub-
jects with a greater angle will be at a higher risk 
of injury. The small sample size did not allow for 
considering this as a predictor of injury. 

 As mentioned above, the hamstrings dissipate 
kinetic energy through eccentric activation dur-
ing the forward swing in kicking. Since eccentric 
contraction can produce microscopic muscle 
damage, repeated stress can weaken anatomic 
structures and trigger greater damage [ 60 ]. 
Nonuniform sarcomere lengthening is the puta-
tive pathogenic mechanism which occurs above 
the optimum length on the length-tension curve 
[ 61 ]. Because hamstring muscles adapt to eccen-
tric exercise by changing optimum length, it is 
believed that there exists a phase of instability of 
sarcomere length [ 33 ]. Beyond this optimum 
length, the sarcomere units differ in length and 
the longer sarcomere units adapt more rapidly to 
lengthening by eccentric contraction. A muscle 
with a suboptimum length for developing tension 
is at greater risk of injury because it has a wider 
work angle in the area where microscopic dam-
age occurs. It has been hypothesized that muscles 
adapt to microscopic damage from eccentric 
exercise by increasing the number of sarcomeres 
in series in the muscle fi bers. This adaptation 
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relies on increasing the optimum length to higher 
values, thus reducing the risk of injury [ 62 ]. In 
contrast, concentric exercise tends to reduce the 
number of sarcomeres in the muscle fi bers, with 
a subsequent shift to a shorter length at which 
peak torque is produced [ 62 ]. 

 Eccentric hamstring training is justifi ed by the 
fact that eccentric activation is an integral part of 
this muscle group’s functional repertoire [ 63 , 
 64 ]. Because hamstring strains often occur dur-
ing the eccentric phase, this is just one among 
other important aspects to consider when design-
ing a rehabilitation program. Equally important 
are angular velocity and joint angle. Angular 
velocity of the knee during sprinting may reach 
600–700°/s or more. We have mentioned above 
that the pathogenetic mechanism of hamstring 
strain has been identifi ed during maximum 
eccentric activation for decelerating forward 
swing during the late swing phase so that leg 
excursion does not exceed knee fl exion of 
about 30°. 

 Muscle weakness and imbalance between 
agonist and antagonist muscle strength are fac-
tors predisposing to hamstring strain. One of the 
most widely used methods to measure hamstring 
strength is by eccentric and concentric isokinetic 
dynamometry to determine the difference in peak 
torque between the right and left limbs and the 
hamstring-quadriceps ratio in the same limb. An 
imbalance in strength as obtained from these two 
measures is considered a risk factor for hamstring 
strain. Opinions diverge on this issue, however. 
Orchard et al. [ 41 ] reported that hamstring strain 
was signifi cantly associated with a decrease in 
peak torque in Australian football players and 
with an altered fl exor-extensor ratio on isokinetic 
dynamometry. Benelli et al. [ 65 ], in contrast, 
found that isokinetic strength testing does not 
predict hamstring injury in Australian Rule foot-
ballers. This observation is shared by Grace et al. 
[ 66 ] who found no correlation between isokinetic 
dynamometry test results before the beginning of 
the competition season and the risk of hamstring 
injury during the following months in American 
footballers. 

 Muscle strengthening has been suggested as a 
preventive measure to reduce hamstring strain 

[ 67 ]. This suggestion derives from animal mod-
els in which it was shown that a stronger muscle 
has a higher rupture load than a weaker muscle 
[ 21 ]. Askling et al. [ 12 ] found that a program of 
eccentric hamstring strengthening during pre-
season preparation reduces the incidence of ham-
string strain during the following competition 
season in 30 professional Swedish soccer play-
ers. This observation is shared by Petersen et al. 
[ 68 ] in their study on the preventive effect of 
eccentric training on acute hamstring injuries. In 
their prospective study involving 100 profes-
sional soccer players, Fousekis et al. [ 69 ] reported 
that asymmetrical eccentric hamstring strength is 
the most reliable predicator of hamstring strain. 
Croisier et al. [ 70 ], in their prospective study 
involving professional Brazilian, Belgian, and 
French soccer players, reported a correlation 
between strength imbalances in quadriceps and 
fl exors, as measured by isokinetic dynamometry, 
and the risk of hamstring strain. Recovery of nor-
mal strength values, as expressed by a normal 
concentric and eccentric function ratio between 
quadriceps and fl exors, led to a reduction in the 
incidence of hamstring strains. Schache et al. 
[ 71 ] reported a 10 % defi cit in isometric ham-
string strength of the right leg as compared to the 
left leg 5 days before a hamstring strain in the 
right leg occurred. They suggested that a simple 
maximal isometric strength test could indicate a 
predisposition to hamstring strain. 

 Although there is no universal agreement on a 
correlation between strength defi cit and ham-
string strain, Nordic hamstring exercises for 
eccentric hamstring strengthening have been sci-
entifi cally demonstrated as the best type of exer-
cise for preventing hamstring injury as it has been 
proven highly effective in increasing eccentric 
hamstring strength [ 11 ]. It is precisely the effi -
cacy of this type of exercise in preventing ham-
string strain that allows us to correlate, at least 
theoretically, eccentric strength defi cit and ham-
string injury. Nordic hamstring exercises require 
no special equipment; can be reasonably offered 
to all soccer players, whatever their level, but 
especially to those with a history of hamstring 
strain; and can be included in exercise routines 
during training [ 12 ]. 
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 The tendency of muscle injury to recur war-
rants greater attention to the management of 
players with previous muscle strain. The main 
goal of rehabilitation is, therefore, not to hasten 
recovery but to prevent injury recurrence. Also to 
be kept in mind is that, unlike spontaneous tissue 
healing, a previous or residual biomechanical 
function defi cit will resolve only with adequate 
rehabilitation therapy. 

 Muscle fatigue can play a determinant role in 
hamstring strain. The peak torque of eccentric 
hamstring strength diminishes progressively dur-
ing physical activity and particularly at the end of 
the match half-times and return to play after the 
half-time interval [ 72 ]. Hamstring fl exibility 
decreases, reducing the angle of hip fl exion and 
knee extension during the late swing phase, thus 
increasing the risk of injury. In addition, fatigue 
can alter the normal neuromuscular activity of 
the hamstring muscles, predisposing them not 
only to muscle injury but also to joint injury. The 
slower sprinting speed some studies have reported 
for players at the beginning of the second match 
time, immediately after the half-time interval, 
has been imputed to a decrease in core body tem-
perature, with a reduction in fl exibility, fl exion 
angles, and hip and knee extension [ 73 ,  74 ]. It is 
therefore recommended that players maintain 
their body temperature during the half-time inter-
val by performing warm-up exercises to prevent 
against muscle strain. Finally, a nonmodifi able 
factor contributing to the risk of hamstring injury 
is ethnic origin. Woods [ 23 ] found a higher inci-
dence of hamstring strain in black or Caribbean 
soccer players.  

9.6     Prevention 

 An ample literature documents that maximum 
hamstring strength and tension develop during 
eccentric braking to slow the rate of movement 
during the late swing phase in running. The eccen-
tric action increases as the running speed increases 
[ 26 ]. Because the risk of hamstring strain increases 
during this phase of running, theoretically, the 
best way to prevent hamstring strain is to increase 
eccentric hamstring strength through exercises 
that lengthen the hamstring muscles while they 

are activated and contracted. Brockett et al. [ 44 ] 
described a simple exercise method for eccentric 
hamstring lengthening called Nordic hamstring 
exercise. It was subsequently developed by 
Mjølsnes et al. [ 75 ] who conducted a 10-week 
randomized trial comparing eccentric versus con-
centric hamstring strength training in soccer play-
ers. The results showed that Nordic hamstring 
exercise is effective in increasing eccentric ham-
string strength. In their randomized controlled 
trial (RCT), Petersen et al. [ 68 ] demonstrated that 
a 10-week program combining Nordic hamstring 
exercise and conventional training in professional 
and amateur soccer players can signifi cantly 
reduce the incidence of fi rst-time and recurrent 
hamstring injury, as compared with a control 
group of soccer players who had not participated 
in a Nordic hamstring strengthening program. 
Askling et al. [ 12 ] conducted a study involving 30 
professional soccer players divided into two 
groups: one group trained twice a week for 
10 weeks with a yo-yo device designed to increase 
eccentric and concentric hamstring strength; the 
other group received conventional training. Both 
groups underwent isokinetic dynamometry to 
evaluate eccentric hamstring strength and maxi-
mum velocity testing. The results showed a sig-
nifi cantly lower incidence of hamstring strain 
(3/15) in the group that received yo-yo training 
and a marked increased in eccentric strength and 
velocity in the treatment group. Overall, the 
results show the usefulness of eccentric hamstring 
strengthening in soccer players. 

 Melegati et al. [ 8 ] conducted a study investi-
gating the effectiveness of a prevention program 
during one competition season (2010–2011) in an 
elite Italian soccer team. The program included 
two types of prevention intervention: collective 
and individual. Collective intervention was com-
posed of core stability exercises the entire team 
performed before each training session. Individual 
intervention consisted of personalized interven-
tions based on the results of clinical, kinesiologic, 
and isokinetic evaluation at the beginning of the 
season and the player’s history of acute or over-
load injuries recorded on clinical history taking. 
The program was carried out, either with the 
assistance of a physiotherapist when needed or 
self-managed, two to three times a week usually 
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before the daily technical-athletic collective train-
ing session. The goals were individualized for 
each player. The team medical staff diagnosed all 
injuries that occurred during the study period. 
Diagnosis was based on clinical examination and 
imaging with a 1.5 tesla MRI system. An injury 
was defi ned as an event that occurred during train-
ing or competition and excluded the player from 
the next training session or match [ 76 ]. Adherence 
to the prevention program was good overall and 
was supported by strict principles of muscle strain 
treatment and application of rigorous criteria for 
return to play. The results showed that the pro-
gram was highly effective in reducing the number 
of muscle injuries (−26 %) and the injury recur-
rence rate (from 18.5 % to 0 %) as compared with 
the previous season. No recurrent injuries were 
recorded, whereas three recurrent injuries 
occurred in players who had sustained an injury 
during the previous season. Muscle injuries 
accounted for 31 % of all injuries, as compared 
with 59 % of all injuries recorded during the pre-
vious season. The number of injuries per 1,000 h 
of exposure was cut in half (from 5.6 to 2.5) and 
the number of days absent per 1,000 h of exposure 
was reduced from 106 to 37.  

9.7     Basic Principles of Treatment 

 Mild hamstring muscle strains are repaired by 
mononuclear satellite cells that differentiate into 
myoblasts. In more severe injuries, the formation of 
scar repair tissue predominates, and the progression 
of functional recovery is essential for guiding the 
repair of the newly forming tissue. Chronologically, 
three repair phases are distinguished: acute, remod-
eling, and functional recovery [ 77 ,  78 ]. 

 Repair phases of a grade 2 hamstring strain

 Acute phase  Time since injury 

 Stage I. Injury  0–6 h 

 Stage 2. Infl ammatory reaction  6–24 h 

 Stage 3. Phagocytosis  24–48 h 

 Tissue remodeling 

 Stage 4. Initial repair  3–6 days 

 Stage 5. Advanced repair  7–14 days 

 Functional recovery 

 Stage 6. Functional recovery  15–60 days 

9.8        Acute Phase 

 Immediately following injury, an elastic com-
pression bandage and local cryotherapy (20 min 
every hour) should be applied. This phase is char-
acterized by local bleeding, myofi bril retraction, 
and edema due to increased capillary permeabil-
ity. The objective is to limit local tissue damage 
as much as possible. Opinions diverge on the real 
utility of applying compressive bandages. A pro-
spective study by Thorsson et al. [ 79 ] involving 
19 subjects who received external compression 
within 5 min after thigh and calf muscle injury 
showed that immediate compression therapy was 
not effective in reducing muscle hematoma or 
hastening recovery, as compared with 20 subjects 
who received only cryotherapy and raising the 
injured leg or, in some cases, in combination with 
compression bandage applied 10–30 min after 
the injury event. 

 We do not normally administer nonsteroidal 
anti-infl ammatory drugs (NSAIDs), muscle 
relaxants, or other medications since the pain is 
generally not so severe as to require analgesics. 
Controversy surrounds the use of NSAIDs to 
reduce infl ammation in pain fatigue and muscle 
pulls [ 80 ]. Although biochemical and histochem-
ical studies [ 81 ] have shown that indomethacin 
can reduce local muscle damage, Reynolds et al. 
[ 82 ] reported that NSAIDs fail to enhance heal-
ing of acute hamstring injuries. The use of corti-
costeroids has been found to impede healing of 
such injuries [ 80 ]. Furthermore, analgesics can 
mask important pain symptoms during the heal-
ing phase, leading to more aggressive treatment 
than is necessary or appropriate at this critical 
stage of healing. 

 Around 24–48 h postinjury, edema becomes 
more pronounced, with mechanical weakening of 
muscles due to massive macrophage migration to 
the injury site. Adequate management at this 
point is essential since aggressive treatment can 
cause further tissue damage, prolong the infl am-
matory phase, and delay tissue repair. 
Transcutaneous electrical nerve stimulation, 
because of the benefi cial neurorefl exive response 
it elicits, can be safely and effectively applied to 
counteract pain symptoms [ 83 ]. Ambulation with 
weight bearing and two Canadian crutches is 

9 Hamstring Injuries



86

allowed as tolerated based on pain. Important 
during this phase is to protect the injured muscle 
as it heals. 

 Walking with the assistance of one Canadian 
crutch is permitted starting from day 3. The com-
pression bandage is removed for ultrasound or 
MRI examination. Walking without aids can be 
started as soon as the gait pattern has normalized 
and no localized pain is present. Hydrotherapy in 
decreasing pool depths can facilitate a more nor-
mal walking pattern. The benefi ts with hydro-
therapy derive from its hydrostatic, hydrodynamic, 
proprioceptive [ 84 ], and thermal effects and 
allow early active mobilization, with all the 
advantages this has for the next phase of recover-
ing joint function.  

9.9     Remodeling Phase 

 During the initial remodeling phase (3–6 days 
postinjury), fi broblastic activity is characterized 
by the deposition of collagen. Healing is pro-
moted by capillary neovascularization which pro-
vides centripetal supply of oxygen and nutrients 
required for regenerative tissue metabolism [ 85 ]. 
Tissue repair can be enhanced with the use of 
physical therapies, including neodymium-doped 
yttrium aluminum garnet (Nd-YAG) laser or 
transfer energetic capacitive and resistive 
(TECAR) therapy [ 86 ] according to specifi c pro-
tocols depending on sonographic fi ndings. 
Importantly, however, physical therapies lack 
adequate evidenced-based support. When gait 
pattern has normalized and pain is absent, cau-
tious use of passive stretching can be initiated to 
relax the muscle fi bers in the perilesional zone. 
No massaging is done at this time. Appropriate 
exercises for recovering lumbopelvic neuromus-
cular control and exercises to improve one-leg 
standing balance are started. Neuromuscular con-
trol of the pelvic region is believed necessary for 
optimal hamstring function during sports. 

 Sherry and Best [ 45 ] reported a signifi cant 
reduction in injury recurrence in subjects with 
hamstring strain who underwent a core stability 
exercise program, as compared with those who 
received conventional rehabilitation with concen-

tric strengthening and stretching. Isometric con-
traction of the injured muscle involves 
submaximal exercising below the pain threshold. 
During the advanced repair phase (7–14 days 
postinjury), concomitant with muscle fi ber regen-
eration, muscle weakness is about 50 % that prior 
to injury. This defi cit is thought to be due more to 
the infl ammatory phase of the healing process, 
accompanied by edema and pain, rather than a 
real decrease in muscle contractility. The risk of 
reinjury during this phase is high because pain is 
diminished and function has improved, though 
the site of injury remains structurally vulnerable. 
When hamstring elasticity has improved, concen-
tric isotonic exercises are started, followed by 
submaximal eccentric exercises, both of which 
are performed with manual resistance. Tissue 
elasticity is maintained and/or regained with pas-
sive stretching exercises. As regards the timing of 
static stretching, Bandy et al. [ 87 – 89 ] reported 
that daily passive stretching sessions for 30 s pro-
vide optimal results and that longer sessions of 
up to 60 s do not produce a greater increase in 
fl exibility. At this point, aerobic exercise on a 
cycle ergometer or step machine is introduced, 
delaying running to the next phase of functional 
recovery. Proprioceptive rehabilitation is then 
gradually introduced in three progressive stages: 
joint positioning/repositioning (cortical), one- 
and two-leg balance training with eyes open and 
eyes closed (subcortical), and dynamic refl exive 
stabilization exercises and sport-specifi c activi-
ties (spinal) [ 90 ].  

9.10     Functional Recovery Phase 

 During the functional recovery phase (15–
60 days postinjury), following collagen matura-
tion and complete recovery of voluntary muscle 
control, the rehabilitation goal is to regain com-
plete recovery of muscle strength and function. 
Generally, normal gait and muscle elasticity have 
been attained by the third or fourth week, and 
prolonged maximal isometric contraction does 
not elicit pain. At this stage, sonography is 
obtained to determine the progression of fi ber 
remodeling in the muscle scar tissue. 
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 Heiser et al. [ 91 ] recommend initiating run-
ning when the peak torque at an angular velocity 
of 60°/s is at least 70 % that of the contralateral 
limb. This presumes that maximal isokinetic test-
ing has been performed, which, however, carries 
the risk of reinjury during the procedure. 
Importantly, isokinetic dynamometry is useful 
for evaluating muscle strength expressed during 
open kinetic chain exercise without loading. 
Therefore, it is impossible to reproduce joint 
kinematics in a closed kinetic chain system with 
loading. This means that the test is inappropriate 
for evaluating the role the muscles play in 
dynamic joint stabilization. Aagaard et al. [ 92 ] 
suggested interpolating the peak eccentric ham-
string torque value from the peak concentric 
hamstring torque value (eccentric Ham/concen-
tric Quad), thus defi ning the result as the “func-
tional ratio of the knee extensors.” In this case, 
the peak hamstring torque is directly proportional 
to the angular velocity of the exercise and is 
inversely proportional to the degree of knee fl ex-
ion. In their study involving professional soccer 
players, Dauty et al. [ 93 ] reported that an eccen-
tric Ham/concentric Quad ratio less than 0.6 will 
identify players who, though returned to play, 
had experienced a previous hamstring strain. 
However, the ratio was not a predictive indicator 
for future injuries. 

 Hamstring strain typically occurs during the 
eccentric phase of muscle contraction; therefore, 
rehabilitation with eccentric strengthening exer-
cise is warranted. Eccentric contraction can stim-
ulate intense protein synthesis in the myotendinous 
junction, promoting myofi brillogenesis with 
remodeling of the myotendinous junction. The 
intensity of eccentric contraction should be gradu-
ally increased to reach maximum exercise inten-
sity by the fourth or fi fth session. The angular 
velocity of exercise should also be progressively 
increased since elevated angular velocity increases 
muscle tension. 

 The high risk of recurrent hamstring strain can 
be attributed to alterations in the length-tension 
ratio in the injured muscle: because muscle ten-
sion is greater in shorter muscles, they are at 
higher risk of injury due to the limited reserves 
available. This biomechanical alteration can 

result from predominantly concentric exercises 
during this rehabilitation phase or due to the pres-
ence of residual scar tissue in the myotendinous 
junction [ 44 ,  94 ]. In healthy subjects, eccentric 
exercise has been shown to facilitate the recovery 
of a normal muscle length-tension ratio [ 60 ]. It 
may be speculated that eccentric strengthening in 
the rehabilitation of hamstring strain can restore 
an optimal muscle length-tension ratio and thus 
reduce the risk of injury recurrence. 

 Eccentric isokinetic exercise at increasing 
speeds (starting at 60°/s), beginning at submaxi-
mal intensity, should not be performed more than 
three times a week in order to avoid overloading 
which could cause muscle fatigue. The success of 
rehabilitation hinges on exercise performed at 
high angular velocity. Jonhagen et al. [ 22 ] 
reported that recurrent hamstring strain in ath-
letes engaging in sports characterized by high 
angular speeds, as seen in sprinters, is often 
attributable to a strength defi cit in the eccentric 
phase. The most important aspect of eccentric 
strengthening is to have a proper lengthening 
position during exercising that can help to restore 
eccentric strength at the normal limits of muscle 
lengthening. Eccentric hamstring training for 
hamstring stretching is begun with the use of 
resilience bands or pulleys during isokinetic 
dynamometry, with the patient’s hips fl exed. The 
exercise is then carried out on the isokinetic 
dynamometer, making sure that hip is kept fl exed 
[ 95 ]. 

 Athletes can be returned to unrestricted train-
ing when muscle strength is at least 80 % that of 
the contralateral limb and when muscle fatigue is 
absent after prolonged running. Athletes who 
have sustained a hamstring strain should continue 
with eccentric exercising for the remainder of 
their professional career. The common tendency 
of muscle injuries, and hamstring strains in par-
ticular, to recur poses additional challenges for 
the team physician to fi nd the right balance 
between preventing injury recurrence and ensur-
ing rapid recovery. Return to play will depend on 
adequate recovery of muscle strength, resistance, 
and fl exibility, as well as neuromuscular control 
[ 2 ]. The site and extent of muscle damage, the 
athlete’s motivation and general psychophysical 
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condition, appropriate rehabilitation techniques, 
and seamless coordination of the entire medical 
staff are the requisites for providing complete 
functional recovery. Recurrence of injury within 
2 months after return to play is a clear sign of 
inadequacies in the rehabilitation program. 

 One approach to acute muscle injuries that has 
garnered interest from the international sports 
medicine community stems from work by 
Mueller-Wohlfahrt and colleagues [ 52 ], which is 
now widely recognized as a seminal approach to 
muscle injuries in sports. Although injection 
therapy, as long practiced by Mueller-Wohlfahrt, 
lacks the evidenced-based support of RCTs, it 
has become the mainstay of treatment in Germany 
where an increasing number of elite soccer play-
ers and other athletes have undergone therapy. 
The therapy protocol calls for the injection of a 
local anesthetic, followed by the administration 
of Actovegin [ 96 ,  97 ], a deproteinized hemoderiv-
ative of calf blood, which appears to markedly 
accelerate myofi bril synthesis in the injured mus-
cle and diminish muscle tone, in combination 
with Traumeel S, a homeopathic product that 
modulates infl ammatory response and the release 
of anti-infl ammatory cytokines. The drugs are 
injected at the site of the injury, along the involved 
muscle and in the lumbar region (epidural and 
paravertebral). The fi rst injection is given the day 
of the injury and then at 2 and 4 days postinjury. 

 As mentioned, scientifi c evidence demonstrat-
ing the effi cacy of this treatment is patchy. Lee 
et al. [ 96 ] reported a signifi cant reduction in 
recovery time in athletes with acute hamstring 
strain treated with Actovegin, as compared with 
subjects who had received conventional physio-
therapy. According to a systematic review of the 
literature [ 98 ], the study has a high risk of bias 
owing to fl awed methodology: no randomization, 
no blinded control, and allocation of patients who 
refused therapy to the control group. There exists, 
however, a certain analogy between Mueller- 
Wohlfahrt’s theories about how injured muscles 
heal and studies from basic science that found 
that aggressive control of the infl ammatory pro-
cess can reduce tissue damage and enhance func-
tional recovery [ 99 ]. Beyond the question 
whether the therapy can be considered best 

 practice in the treatment of elite and amateur 
 athletes, the use of injectable Traumeel and 
Actovegin is not approved in many countries.     
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      Patellar and Quadriceps 
Tendinopathy 

           Andrea     Ferretti    

10.1            Introduction 

 Quadriceps and patellar tendinopathies are known 
as “jumper’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 [ 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 cen-
ter where the prestigious Los Angeles Lakers 
team now plays. It was certainly to the basket-
ball players that Blazina was referring when he 
wisely described the painful syndrome “jump-
er’s knee.” 

 Successively, many other studies have focused 
on this so far unclear pathology which deserves 
to be known by sports physicians who, consider-
ing 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.  

10.2     Epidemiology 
and Predisposing Factors 

 As cited above, patellar and quadriceps tendi-
nopathies 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 players 
suffer or have suffered from this pathology 
 during their career [ 3 ]. 

 In the sport of soccer, jumper’s knee syndrome 
was unknown until the eighties, when coaches 
started putting more attention on basic training 
with weight-lifting exercises, jumping (plyomet-
ric), eccentric strengthening, and so forth. 
Therefore, with this particular attention given to 
quadriceps muscle strengthening came conse-
quent repercussions or stress on the patellar ten-
don. 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 
(volleyball, basketball) [ 4 ,  5 ]. 

 Predisposing factors to the onset of such a 
pathology are classifi ed as “intrinsic” and “extrin-
sic;” intrinsic factors are those related to the 
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 athlete, and extrinsic are those due to environ-
mental stresses. 

 Besides sex incidence, which is higher in male 
patients, many epidemiologic studies have shown 
no correlation between morphologic characteris-
tics of patients and jumper’s knee syndrome. In 
particular, it has never been shown that varus or 
valgus malalignment of the knee, a malalignment 
of the extensor apparatus, a patellar hypermobil-
ity, or a high or low patella syndrome might be 
predisposing factors and, aside from the knee 
area, nor are valgus hindfoot deformity, pronated 
foot valgus, cavus foot, or even others. 
Researchers’ interest therefore focused more on 
peculiar characteristics of the patellar tendon tis-
sue and on its collagen composition. 

 However, the results about extrinsic factors 
were different. 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 syn-
drome. 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 tendinopa-
thy, which might be considered both intrinsic and 
extrinsic, regard jumping capability with a higher 
incidence among athletes with higher explosive 
strength [ 8 ].  

10.3     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 local-
ization 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 ten-
don at the superior site of the patella (20 %) and 
by the insertion of the patellar tendon on the ante-
rior 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 proposed by Blazina, focus 
more attention on evaluating the effect of the pain 
on sports performance. 

  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 perfor-
mance (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 evolution 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 dis-
crepancy between pain (severe) and tendinous 
damage (moderate) seen in jumper’s knee forces 
the athlete to suspend the activity much earlier 
before the pathology lead to rupture; the exact 
opposite happens with tendinosis degeneration 
where the tendinous damage is severe and pro-
gressive with a painful symptomatology usually 
moderate or even absent. By an objective point of 
view, local digital pain represents the only impor-
tant 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.  
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10.4     Radiological Findings 

 Radiological evaluation consists of X-rays, ultra-
sound evaluations, and magnetic resonance imag-
ing. Standard X-rays might show insertional 
calcifi cations (spurs) which show the exact local-
ization 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 ultrasound has also been used 
to study patellar tendon vascularization (ecocol-
ordoppler): This methodology might show cases 
with hypervascularization as well as cases of nor-
mal or reduced vascularization, even though 
these patterns are not adequately understood 
[ 11 ]. Magnetic resonance allows better defi nition 
of the tendon morphology which often shows a 
tendon modifi cation at the insertional site. 
However, MRI rarely ever changes therapeutic 
protocol.  

10.5     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 subcutaneous ruptures usually repre-
sents the consequence of a chronic degenerative 
process (tendinosis) which is often totally asymp-
tomatic 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 reduc-
tion in the cellular component. 

 With regard to jumper’s knee, peculiar data 
which surgeons detected in the seventies was the 
discrepancy between painful symptomatology, 
which was often very restricting in daily activi-
ties, and the lack of tendinous damage. Research 
of the “nidus” of tendon degeneration, as pro-
posed by Basset, was often useless in a surgical 
approach, with the consequence that many surgi-
cal procedures were performed with the aim of 
treating different pathologies (menisci, patellar 
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 microcystic area full of 
granulation tissue, suggesting microinsertional 
detachments with an attempt of reparation, which 
nowadays represents one of the most plausible 
pathogenetic hypothesis of this pathology [ 13 ]. 
Obviously, spots of degenerative tendinous tissue 
can come together even though their role in the 
painful symptomatology is not yet clear.  

10.6     Treatment 

 Patellar tendinopathy treatment is basically con-
servative 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 phlogis-
tic 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 anti-phlogistic 
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 progres-
sively abandoned and afterward criminalized 
because of its potential effect on the tendinous 
tissue leading to rupture [ 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 temporary; 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 duplicated in 
more diluted preparations with satisfactory pre-
liminary results even with restrictions similar to 
the traditional steroidal infi ltration [ 15 ]. 
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 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 cellular differentia-
tion toward a fi broblastic line with the aim of pro-
moting tissue healing [ 17 ]. The methodology for 
using PRP was introduced about 10 years ago, and 
it reached a high popularity after its use on profes-
sional athletes with very satisfactory results docu-
mented 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 biological base, it seems without related 
risks, and, even without picturing this type of treat-
ment as a miraculous option, it may be a valid 
alternative for sports physicians. In our experi-
ence, the use of PRP for patellar tendinopathy con-
sisting of three injections, one each week, provided 
better medium- and long-term results compared to 
the use of ESWT [ 18 ]. Besides radial and focal-
ized ESWT [ 19 ], many other types of conservative 
treatments (ultrasound, laser, TENS, magnetother-
apy, TECAR) have been used for the treatment of 
patellar tendinopathy, but always with uncertain 
and sometimes unsatisfactory results. 

 Kinesitherapy, whose main aim would consist 
of improving the mechanical properties of the 
tendon through selective training, nowadays rep-
resents the gold standard in the treatment of 
jumper’s knee. It is based on the practice of dif-
ferent types of muscular exercises, isotonic, iso-
metric, isokinetic, and eccentric; in particular 
eccentric exercises are recommended in any 
phase of the pathology, both alone and with all 
other types of exercises [ 20 ]. The knowledge of 
kinesitherapy as a valid option for the cure and 
prevention of jumper’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 practice. 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 
insertion and consists of different steps: deepest 
tendon fi ber disinsertion, removal of the damaged 
tissue ( Basset’s nidus ) when present, plastic of the 
lowest part of the patella or apicoectomy, patella 
drilling, or tendinous scarifi cations [ 9 ]. 

 Postoperative protocol consists of a short 
period of immobilization (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 
training and professional matches. Results of sur-
gical procedures, even though usually satisfac-
tory, are not always brilliant, especially in athletes 
involved in high-performance jumps with per-
centages of total lack of pain not higher than 
65 % and with a little higher percentage in those 
athletes affected by quadriceps rather than patel-
lar insertional pathology. The abovementioned 
surgical steps may also be carried out arthroscop-
ically but with more diffi culties, a longer learning 
curve, and most of all, with no advantage in terms 
of fi nal results and recovery time [ 23 ,  24 ].  

10.7     Patellar Tendon Rupture 

 Patellar tendon rupture will be presented here in a 
different chart because it is usually a consequence 
of a different tendinous pathology which involves 
the middle part of the tendon and not the inser-
tional end. Patellar tendon rupture, which usually 
occurs abruptly, involves a dramatic  clinical feel-
ing of a tear in the anterior part of the knee, imme-
diate 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 preceded 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 
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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 ten-
don rupture has a similar clinical onset even 
though the gap in these cases is localized 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 tendinous 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 ten-
don biology is prosperous and has a high capabil-
ity of healing, it is hardly ever necessary to use 
autologous, homologous, or synthetic tissue rein-
forcement; 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 rehabilita-
tion aimed at recovering range of motion fi rst and 
strengthening the quadriceps muscle later. Return 
to sports is not allowed before 6 months. 
Postoperative rehabilitation is usually easier and 
faster in quadriceps suture. Not common but even 
more dramatic are the cases of bilateral simultane-
ous 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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      Return to Play After a Muscle 
Lesion 

           Gian     Nicola     Bisciotti     

11.1             Introduction 

 The return of an athlete to sporting activity after 
a muscular lesion is a critical moment in the over-
all rehabilitation program. The medical staff has 
the responsibility of evaluating whether an effec-
tive rehabilitation process has been carried out, 
although there may be little objective data avail-
able to aid such a decision. The objective of 
sports medicine is for the athlete to recuperate, in 
the minimum time possible, while minimizing 
the risk of recurrence. This often means having to 
balance the needs of the sporting activity and the 
necessity to carry out a therapeutic course that 
guarantees anatomical healing and optimal 
function. 

 The concepts of anatomical healing and func-
tional healing warrant further discussion. In a 
sedentary person or a person with reduced func-
tional requirements, the end of the rehabilitative 
process after a muscular lesion may coincide 
with anatomical healing of the injured site. For an 

athlete, this may not be the case. Athletes, 
 especially professional athletes, have extremely 
high functional requirements, and the rehabilita-
tive process may not be considered concluded 
until there is optimal recovery of muscular func-
tion. Therefore, in the athlete,  restituito ad inte-
grum  after muscular lesion must necessarily 
incorporate both anatomical healing and func-
tional healing. 

 The true skill of the medical staff is the con-
textual minimization of recovery time and of 
recurrence risks. This diffi cult job is further 
complicated by the fact that the risk factors for 
recurrence are not clear, even if they may be 
traced to the same intrinsic and extrinsic factors 
responsible for the original trauma. In addition 
to the original risk factors, after the fi rst muscu-
lar lesion, others will be added: an increase in 
muscle rigidity, a decrease in the muscles’ lev-
els of force, formation of fi broses, alteration of 
the muscles’ biomechanic function, or a possi-
ble state of muscular inhibition. In addition, 
there may be consequences linked to an accel-
erated or aggressive rehabilitation program or 
even an incorrect one. For these reasons, the 
decision to reintegrate a professional athlete 
after a muscular lesion should be based on, to 
the extent possible, objective data that assist 
and reassure the medical staff making this dif-
fi cult decision. 

 In our rehabilitative experience, we have 
developed a protocol of guidelines to provide 
objective data to help in the decision to return 
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an athlete to agonistic activity. This chapter 
presents these guidelines and provides the sci-
entifi c  rationale for their use. Obviously, such 
 guidelines differ depending on the function of 
the muscle group under consideration. Specifi c 
examples are presented describing the return to 
sporting activity after a muscular lesion. These 
show the points of “fundamental objectivity” 
that allow us to minimize the risks of recur-
rence and returning the athlete to an agonistic 
context while trying to respect the goal previ-
ously mentioned: minimizing both recuperation 
time and risk.  

11.2     Indirect Lesion 
of the Hamstring 

 The biceps femoris (BF) is a fl exor of the knee 
and an extensor of the hip, and, like all the other 
fl exors of the leg, prevents, if the leg is extended, 
the force of elevation of the inferior limb or 
fl exing forward of the upper body. Indeed, the 
fl exor muscles may not be lengthened further 
than a certain point, which represents their limit 
of extension. The BF is one of the most insulted 
muscles in sport. In Australian football, for 
example, damage to the BF represents 13 % of 
all traumas and causes a loss of work equal to 
16 % of the total training time [ 1 ]. Sprinters 
may also experience recurring damage to the BF 
[ 2 ]. A study by Askling et al. [ 3 ] demonstrated 
that, in football (also known as soccer), 47 % of 
indirect muscular traumas suffered during com-
petition or training involve the fl exor muscles of 
the thigh (biceps femoris, semitendinosus, and 
semimembranosus, which are collectively 
called, in English language literature, the ham-
string). Other studies of football have found that 
injuries of the hamstring account for 12–15 % 
of injuries and an average of six accidents per 
professional club during a season [ 4 – 6 ]. Injuries 
to the hamstring are particularly recurrent in 
sporting activities that require sprinting, accel-
eration, deceleration, rapid changes of direc-
tion, and jumping [ 2 ,  7 ].  

11.3     Hamstring Lesion and Risk 
of Recurrence 

 The hamstring, in addition to being the most 
insulted muscle in sports, also is subject to a high 
incidence of injury recurrence; in professional 
football, for example, the recurrence rate is about 
12 % [ 6 ,  8 ]. In other sports, such as professional 
Australian football, 1  the recurrence rate may 
reach 30 % [ 8 – 10 ]. One-third of these recur-
rences occurs during the fi rst two weeks after the 
return to sporting activity [ 11 ]. This suggests that 
a rehabilitation program may have been inade-
quate or that an athlete returned too early to full 
sporting activity; it is also possible that these 
both the case [ 11 ]. However, it is possible that 
this high rate of recurrence can be traced to 
intrinsic factors, such as a low ratio of tissue 
healing, which is typical of the hamstring, or an 
original factor risk [ 12 ,  13 ]. 

 It should be noted that lesions of the BF pres-
ent a worse prognosis with respect to lesions of 
the semimembranosus, semitendinosus, or both 
[ 14 ]. It is furthermore interesting to underline the 
fact that if the entity of the lesion presents a strong 
link with recovery time [ 14 – 16 ], otherwise may 
not be said regarding the risk of recurrence [ 17 ]. 

 The literature reports that a shortfall in 
strength is an important parameter in the risk of 

1   Australian football: Australian football (Australian rules, 
aussie rules, footy) is the national Australian sport and the 
most practiced and followed athletic activity in Australia. 
It is played between two teams of 18 players (with four 
reserves with fl ying substitutions) on cricket fi elds or 
other fi elds of an oval form. These fi elds vary in dimen-
sion; they may be as long as 185 m, and as wide as 155 m. 
They thus represent the largest game fi elds used in the dif-
ferent forms of football and almost four times larger than 
a football pitch. The players may pass the ball in two 
ways: with a kick or a handball pass. A kick is the propul-
sion of the ball with any part of the leg below the knee; a 
handball pass is done by holding the ball in one hand and 
hitting it with the other, closed in a fi st. Any other way of 
passing the ball is forbidden, unless it is constricted by the 
game situation (e.g., acquiring a stray ball from other 
players). Game out does not exist; thus, the passes may 
occur in any direction, just as the players may position 
themselves on the fi eld wherever they like. 
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injury recurrence in the hamstring [ 2 ,  18 – 23 ]. To 
minimize the risk of recurrence in our daily prac-
tice, we focus on a protocol of return to the fi eld 
that is based on a series of variations that provide 
interpretable signs, with positive signs represent-
ing a “green light” regarding return to the fi eld 
and negative signs representing a “red light” with 
respect to a resumption of sporting activity. Every 
type of injury, whether to a muscle or tendon, 
presents parameters of evaluation regarding the 
return to extremely specifi c functionality. Many, 
if not all, of the parameters we use in the func-
tional evaluation of the hamstring represent 
points of specifi c evaluation regarding the injury 
to this exclusive functional district. It must be 
stressed that, in the exhaustive post-injury reha-
bilitation plan of an athlete, healing of the ana-
tomical damage represents only one stage, which 
is necessary to allow full recuperation of the 
functionality of the injured muscular district in 
general and specifi c terms. Only at this point may 
a rehabilitation plan be considered concluded. 

 The points on which we base our judgment 
regarding an athlete’s return to the fi eld after an 
injury of the hamstring are represented by four 
steps that may be described as follows.  

11.4     Clinical Examination 

 During the clinical examination, the athlete is 
tested with

    i.    Maximal isometric contractions carried out 
from different articular angles (generally 
three: 180, 90, and 45° and in function of the 
anatomical location of the lesion);   

   ii.    Maximal concentric contractions by com-
plete range of motion (ROM);   

   iii.    Maximal eccentric contractions by complete 
ROM; and   

   iv.    Eccentric-fl ash contractions of maximal 
intensity by reduced ROM.     

 During each test, subjective pain symptoms on 
the part of the athlete, referred to on a VAS scale, 

must be equal to zero. The presence of residual 
pain symptoms in one of the tests above imposes 
a delay in the return to the fi eld. 

 Passive and active lengthening tests are also 
carried out on the damaged fl exor muscle, which 
should show the same elongating capacity as the 
contralateral muscle [ 19 ]. A diagram of the clini-
cal exams is presented in Table  11.1 .

11.5        Imaging Examination 

 In our rehabilitative experience, return of the ath-
lete to the fi eld is conditional on a fi rst-level 
(echography) or second-level (magnetic reso-
nance imaging) imaging examination that shows 
that the lesion is completely repaired and stabi-
lized from an anatomical point of view. 
A dynamic scan is particularly useful in discover-
ing shortfalls of the sliding myofascial or areas of 
altered functional shortfalls. To this end, we have 
elaborated and adopted a specifi c table 
(Table  11.2 ) that allows us to classify the func-
tional behavior of the examined muscular sector 
in dynamic scans. Levels 1 and 2 in this table 
allow a return to sport whereas levels 3 and 4 pre-
clude it. Elastography has allowed us to carry out 
quality evaluations of healing muscle tissue [ 24 ], 
however, this method is still in the development 
phase. Table  11.3  presents the red and green 
lights that are relative to imaging exams.

11.6         Dynamometric Evaluation 

 The dynamometric evaluation we have adopted is 
based on different types of tests of function in 
different types of injury, carried out in both con-
centric and eccentric ways (through both iso-
kinetic and isoinertial tests). We have found that 
one dynamometric test alone will not exhaus-
tively account for the functional behavior of a 
muscular group such as the hamstring. Different 
tests, each one providing detailed and specifi c 
information on the dynamic behavior of the 
 muscle, must be interpreted as a part of the whole 
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[ 25 ]. In addition to this fundamental concept, the 
parameters to which we refer during the interpre-
tation of the various torque tests are as follows:

    i.    No return to running activity until the strength 
of the fl exors has reached a value of at least 
70 % of the baseline, or a value of fl exor/
extensor ratio equal to at least 0.55 [ 19 ].   

   ii.    No return to specifi c sporting activity before 
the value of strength of the injured fl exors 
(both in eccentric and concentric ways) has 
returned to 90–95 % of the value of the fl ex-
ors of the contralateral limb [ 2 ,  23 ].   

Clinical examination Red light Green light Notes

Maximum isometric 
contractions performed
at different joint angles

Pain symptoms ≥1 on
VAS scale

Pain symptoms ≥1 on
VAS scale

Pain symptoms ≥1 on
VAS scale

Pain symptoms ≥1 on
VAS scale

Absence of pain 
symptoms

Absence of pain 
symptoms

Absence of pain 
symptoms

Absence of pain 
symptoms

Parameter used to 
access to the
dynamometry  
tests

Parameter used to 
access to the
dynamometry  
tests

Parameter used to 
access to the
dynamometry  
tests

Parameter used to 
access to the
dynamometry  
tests

Parameter used to 
access to the
dynamometry  
tests

Parameter used to 
access to the
dynamometry  
tests

Maximum concentric 
contractions performed 
at full ROM

Maximum eccentric 
contractions performed 
at full ROM

Maximum flash-
eccentric contraction 
performed at reduced 
ROM

Passive stretch test Difference in ability to 
stretch in comparison to 
the contralateral limb
with or without 
associated pain 
symptoms

Difference in ability to 
stretch in comparison to 
the contralateral limb
with or without 
associated pain 
symptoms

Same ability to stretch
in comparison to the 
contralateral limb and
absence of pain 

Same ability to stretch
in comparison to the 
contralateral limb and
absence of pain 

Active stretch test

   Table 11.1    The clinical exam is composed of four strength tests and two lengthening tests, which have either red or 
green lights       

Level Definition

1 Normal sliding

2 Light slight deficit

3 Slight deficit

4 Very important slight deficit

   Table 11.2    A dynamic scan allows evaluation of the 
sliding of muscular fi bers, which is classifi ed into four 
levels of reference. Levels 1 and 2 allow return to the fi eld, 
levels 3 and 4 impose a delay in return to the fi eld       
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   iii.    The peak of measured strength, both in concen-
tric and eccentric ways, should be produced, in 
the injured limb, to the same articular angle in 
which the contralateral is registered [ 26 ,  27 ].    

  Furthermore, the protocol of the isokinetic test 
that we have adopted is

    i.    Concentric modality 60 and 300°/s   
   ii.    Eccentric modality 60°/s     

 The data is normalized in relation to the body 
weight of the subject. This protocol conforms to 
the protocol used by the QFA (Qatar Football 
Association) in the FIFA Center of Excellence of 
Doha (Qatar). The reference data, regarding 
football, is inferred from a database exclusively 
populated by data from professional footballers. 

 Specifi cally, the “reference data” we use are

   Relationship hamstring in eccentric modality/
Quadriceps in concentric modality – 60°/s 
(dominant limb 2 ) : 0.84 ± 0.19 N.m −1 .kg −1 .  

  Relationship hamstring in eccentric modality/
Quadriceps in concentric modality – 60°/s 
(nondominant limb) : 0.78 ± 0.14 N.m −1 .kg −1 .  

  Hamstring concentric peak torque/kg – 60°/s 
(dominant limb) : 1.78 ± 0.14 N.m −1 .kg −1 .  

2   In football, by dominant limb we mean the limb usually 
used by the athlete to kick (QFA National Test Protocol). 

  Hamstring concentric peak torque/kg – 60°/s 
(nondominant limb) : 1.66 ± 0.3 N.m −1 .kg −1 .  

  Difference %: 5.12 ± 0.25 %   
   Hamstring concentric peak torque/kg – 300°/s 

(dominant limb) : 1.32 ± 0.26 N.m −1 .kg −1 .  
  Hamstring concentric peak torque/kg – 300°/s 

(nondominant limb) : 1.29 ± 0.24 N.m −1 .kg −1 .  
  Difference %: 2.27 ± 0.25 %   
   Hamstring eccentric peak torque/kg – 60°/s 

(dominant limb) 2.59 ± 0.45 N.m −1 .kg −1 .  
  Hamstring eccentric peak torque/kg – 60°/s (non-

dominant limb) 2.52 ± 0.40 N.m −1 .kg −1 .  
  Difference %: 2.70 ± 0.55 %    

 The data reference relative to the set of iso-
kinetic tests are summarized in Table  11.4 .

11.7        Field Tests 

 Tests on the fi eld are carried out only after the 
fi rst three evaluation steps (i.e., the clinical eval-
uation, imaging, and the torque evaluation) have 
registered all results in the “green light” area. 
The fi eld tests represent a “programmed risk” in 
the rehabilitation program. The execution of a 
sprinting braking test or an Illinois test, carried 
out in an all-out manner, represents a degree of 
risk greater than that of a maximal isokinetic 
test. For this reason, we begin the administration 
of fi eld tests assured by maximum positivity of 
registered results during the previous tests. 

Imaging examination Red light Green light Notes

US Not complete anatomic 
repair / injury not yet 
stabilized

Not complete anatomic 
repair / injury not yet 
stabilized

Complete anatomic 
repair / stabilized injury

Complete anatomic 
repair / stabilized injury

Parameter used to 
access to the
dynamometry  tests

Parameter used to 
access to the
dynamometry  tests

Parameter used to 
access to the
dynamometry  tests

MRI

Dynamics US  Sliding level 3 and 4 Sliding level 1 and 2

   Table 11.3    Summarizing diagram of the imaging examination and the relative red and green lights       
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 The tests carried out on the fi eld in our proto-
col are

    i.    Sprinting braking test [ 28 ], the minimal refer-
ence value of which regarding the power 
expressed by the muscles of the inferior limbs 
is 12 W. kg  −1 ;   

   ii.    Illinois agility test (Fig.  11.1 ), the reference 
values of which are indicated in Table  11.5 . 

       The data reference relative to the set of fi eld 
tests are summarized in Table  11.6 .

11.8        General Parameters 

 In evaluating whether an athlete (specifi cally a 
football player) is able to return to the fi eld, we 
also take into account a series of general param-
eters, summarized as follows.

    i.    Experimental evidence exists that shows core 
stability, in the area of injuries to the fl exors, 
signifi cantly reduces the risk of recurrence 
[ 29 ].   

Test Red light Green light Notes

Concentric isokinetic 
test

Concentric isokinetic 
test

Value < 70% of the
base line or <70% of 
the contralateral

Value ≥ 70% of the
base line or ≥ 70% del
contralateral

Parameter used only
for the resumption of 
run

Value < 90% of the
contralateral hamstring 
value

Parameter used to
access to the field tests 

Parameter used to
access to the field tests 

Parameter used to
access to the field tests 

Parameter used to
access to the field tests 

Parameter used to
access to the field tests 

Parameter used to
access to the field tests 

Parameter used to
access to the field tests 

Eccentric isokinetic 
test

Vallue < 90% of the
contralateral hamstring
value

Value ≥ 90% of the
contralateral hamstring
value

Value ≥ 90% of the
contralateral hamstring
value

Concentric force peak Produced at a joint
angle ≠ in comparison
to the contralateral 
limb

Produced at a joint
angle ≠ in comparison
to the contralateral 
limb

Produced at a joint 
angle = in comparison 
to the contralateral 
limb   

Eccentric force peak Produced at a joint 
angle = in comparison 
to the contralateral 
limb   

Hamstring concentric 
peak torque/kg -
60°/sec

Difference ≥ 15% in 
comparison  to the 
contralateral limb

Hamstring concentric 
peak torque/kg -
300°/sec

Difference ≥ 15% in
comparison  to the 
contralateral limb

Difference ≥ 15% in
comparison  to the 
contralateral limb

Hamstring eccentric 
peak torque/kg -
60°/sec

Difference < 15% in 
comparison  to the 
contralateral limb

Difference < 15% in 
comparison  to the 
contralateral limb

Difference < 15% in 
comparison  to the 
contralateral limb

   Table 11.4    Summarizing diagram of the reference data concerning the isokinetic testing protocol and consequent red 
and green lights       
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5 meters

10 meters

Start Finish

  Fig. 11.1    Illinois Agility Test. The length of the test – or 
the distance between the start point and the stop point – is 
10 m. The athlete must follow the entire distance at maxi-
mum speed according to the indicated diagram. The start 
is freely decided by the athlete. The stopwatch results rep-
resent the fi nal result of the test       

Rating Lap result  (sec)

Excellent < 15.2

Good 16.1-15.2

Medium 18.1-16.2

Insufficient 18.3-18.2

Very insufficient > 18.3

   Table 11.5    Reference values concerning the Illinois 
Agility Test       

Red lightTest Green light Notes

Sprinting braking test Value < 12 W .kg–1 Value ³ 12 W .kg–1 Parameter used to
return to sports

(reintegration with
the team)

Illinois agility test Recorded value : 

very insufficient or 
insufficient 

Recorded value: 

excellent, good or medium*

Parameter used to
return to sports

(reintegration with
the team) 

   Table 11.6    Note (*): in the case of a value equal to the “medium” recorded during the Illinois testing, the latter must 
be accompanied (to represent a “green light”) by a value ≥15 W.kg −1  recorded during the sprinting braking test; other-
wise, a value of “medium” represents a “red light”       
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   ii.    A correct preventive strategy may drastically 
lower the risk of recurrences of hamstring 
injuries. An eloquent demonstration of this is 
given by the Australian Football League, 
which, through its specifi c prevention 
 program, reduced the percentage of ham-
string injury recurrence from 37 % to 22 % in 
the period between 1997 and 2004 [ 10 ].   

   iii.    Some authors [ 30 ] have suggested a causal 
association between the recurrence of injuries 
of the hamstrings and the twin muscles and 
anatomical damage on the level of L5/S1 that 
causes a trapping of the relative nerve root.     

 Table  11.7  [ 31 ] presents the different factors 
that may suggest either the adoption of a conser-
vative rehabilitation program or a swift return to 
sporting activity.

11.9        Aerobic Aspects 

 Recurrences may happen even when the athlete 
seems to have perfectly satisfi ed all the various 
steps in the evaluation process. It is diffi cult, 
given the multifactorial etiology of muscles inju-
ries and, consequently, of the recurrences, to 

Factors which indicate a following of
conservative treatment  

Factors which give evidence of a rapid return
to sporting activity 

Persistent shortfall of strength The expression of strength is equal to that of the
contralateral limb 

Persistent shortfall of flexibility The flexibility is superimposable to that of the
contralateral limb 

Impossibility to totally finish a training
session without pain symptoms or limping 

Being able to totally finish a traing session 

Extended area of abnormality in imaging Negative imaging (USorRM) 

Practising of one of the disciplines particularly
at risk below: 
-Speed discipline in the area of athletics 
- Football 
-Australian football 
- Rugby 

Playing a low risk sport of muscular lesion 

Advanced chronological age Player with young chronological age but already
in possession of sufficient experience to be able
to play also in non optimal conditions 

Getting an injury at the beginning of the
sporting season  

Having to play a  decisive match at the end of the
season ( for example play off or play out)
without having the possibility of a valid
substitute  

Anatomical dislocation of the lesion in a high 
risk area (biceps femoris, rectus femoris 
medial calf, adductor longus, adductor 
magnus) 

Anatomical dislocation of the injury in a low
risk area ( semimembranosus, vastus medialis, 
lateral calf , gluteus muscles) 

   Table 11.7    Different factors that may suggest either a conservative program or a swift return to sporting activity 
(Modifi ed from Orchard et al. [ 31 ])       
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 precisely identify the factor responsible for an 
unsuccessful rehabilitation. However, it is often 
the case that, in such situations, the athlete’s gen-
eral physical conditions, especially aerobic, may 
be the main cause of the recurring event. 

 It is reasonable to hypothesize that an insuffi -
cient level of aerobic conditioning may represent 
a risk factor regarding indirect muscle lesions [ 32 ] 
or recurring lesions. For this reason, the athlete 
should start agonistic activity after having reached 
levels of maximal aerobic velocity (VAM) close 
to the values registered in the pre- lesion period. 
The value of VAM represents the speed, expressed 
in km/h, at which the maximal consumption of 
oxygen is reached (VO 2  max) and is the best indi-
cator of aerobic fi tness. A program specifi cally 
addressed to the  restituito ad integrum  of a mus-
cular lesion should include a specifi c plan for the 
recuperation of aerobic fi tness to minimize the 
risk of recurrence related to a possible shortfall in 
this important aspect of athletic performance.  

    Conclusions 

 The return of an athlete to the fi eld represents 
the fi nal and, probably, most delicate stage of 
the rehabilitation process. For this reason, pre-
cise and trustworthy criteria are needed for 
reference in making the decision to allow the 
return to sporting activity and to minimize the 
risk of injury recurrence. 

 It is objectively impossible to achieve “zero 
risk” of muscle injury recurrence, even with a 
conservative treatment program and the adop-
tion of prevention strategies. From the author’s 
experience in the sport of football, the eco-
nomics are also of fundamental importance, 
and the reader is invited to refl ect on the fol-
lowing statement by Orchard [ 31 ]: “It is pref-
erable to have a medium return time to the 
fi eld of three weeks with a percentage of suc-
cess of 90 % rather than eight weeks with a 
percentage of success equal to 100 %.”     
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      Shoulder Injuries in Goalkeepers 
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12.1            Aetiology 

 Soccer is the world’s game, played by more than 
120 million people around the world. Soccer is a 
contact sport characterised by short and quick 
movements such as sprinting, sudden accelera-
tion or deceleration, cutting, pivoting, shooting 
and kicking. Tackling and collision are also com-
mon [ 1 ]. Shoulder injuries in soccer are not 
nearly as common as lower limb injuries such as 
the hip, knee or ankle. The incidence in the 
reported literature is approximately in a percent-
age between 2 % and 13 % of all football injuries 
[ 11 ,  17 ]. However, shoulder injuries are gener-
ally more serious than many of the other more 
common injuries sustained and result in a longer 
off-play time than other joint injuries. 

 In the last years, shoulder injuries have repre-
sented an increasing health problem in football 
players. The modern soccer has been character-
ised by high-speed game, “aggressive” tactical 
solutions such as pressing and marking, and 
increased number of legal and illegal physical 
contacts. FIFA injury reports show the high 
 incidence of contact injuries compared with non- 
contact injuries (World Cup 2002 [ 11 ] and World 
Cup 2006 [ 6 ], 73 % vs. 27 %). 

 The percentage of shoulder injuries (injuries 
per year/total shoulder injuries) increased from 
35 % in the 2006–2007 season to 89 % in the 
2009–2010 season [ 15 ]. 

 In literature, mostly the shoulder injuries are 
reported associated to contact during matches. 
Chomiak et al. [ 5 ] in their series reported six 
shoulder injuries including three separations of 
the acromioclavicular joint (grade I or II), one 
fracture and one refracture of the clavicle and 
one dislocation of the glenohumeral joint. The 
majority of the injuries were caused by foul play, 
and two were non-contact injuries. Very interest-
ing to note is that in that series, no goalkeepers 
suffered a severe injury of the shoulder girdle. 

 Differently from the previous study, research 
from Norway found that 36 % of goalkeeper inju-
ries are to the upper extremity. This is in stark 
contrast to outfi eld positions where most injuries 
are to the lower extremity. In practice, goalkeep-
ers are more likely to be injured during 
goalkeeper- specifi c training versus standard soc-
cer training. The Norwegian study revealed that 
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23.6 injuries occur per 1,000 h of goalkeeper- 
specifi c training versus 9.1 injuries per 1,000 h of 
standard soccer training. 27.9 injuries occur per 
1,000 h of goalkeeping during matches, making 
matches the most likely time for an injury [ 16 ]. 

 In an unpublished data, one of the authors (Volpi 
P.) observed during his activity as team doctor of a 
major league team that training for professional 
goalkeepers will end up to 200 dives per week. 

 Because of this paucity of literature, Hart and 
Funk [ 8 ] undertook a study to analyse the incidence 
and treatment of shoulder injuries in professional 
soccer. Data was provided over a 3-year period 
from January 2007 to January 2010. There were 
35,000 claimed injuries in this period, of which 
3.3 % was shoulder injuries. This is a total of 1,155 
shoulder injuries or 385 serious shoulder injuries 
per year, which represent a signifi cant number of 
injuries. In this paper, authors reported that the 
majority of serious shoulder injuries in soccer play-
ers occur at a positional extreme of external rota-
tion and abduction in high-energy situations, while 
a signifi cant number occur in low-energy situations 
away from this position. Most serious shoulder 
injuries in professional soccer are dislocations. 
Ekstrand et al. [ 7 ] in a recent epidemiologic study 
focused on upper extremity injuries in male elite 
football players, noted that upper extremity injuries 
are uncommon among male elite football players. 
Goalkeepers, however, are prone to upper extrem-
ity injury, with a fi ve times higher incidence com-
pared to outfi eld players.  

12.2     Injury Mechanism 

 Goalkeepers are more likely to be injured at 
shoulder joint because of goalkeeper-specifi c ges-
tures and trauma. Statistically, goalkeepers are 
most likely to be injured during aerial duels 
defending crosses. The risk of injury appears to be 
increasing as the modern game is evolving. Teams 
are requiring more and more from their goalkeep-
ers. These players are expected to clear balls 
swinging into the box, intercept long through 
balls outside the box and receive back passes. 
This aggressive play was not seen in decades past. 
Goalkeepers are exposed to frequent overhead use 
of both arms and repetitive lateral falls over the 

lateral aspect of the shoulder. On the other hand, 
they also can suffer a  traumatic event on the 
shoulder during a contact with another player. 

 As mentioned before, goalkeepers suffer on 
average 200 shoulder ground contacts per week, 
which are generally kept under control without 
damage. 

 Nevertheless, the same observer (Volpi P.) 
reported that exercising a sliding fall instead of 
direct impact is protecting the joint by distribut-
ing the trauma to many different parts of the 
shoulder. In consequence, it is very important for 
the goalkeeper to improve training skills about 
how to fall, technical gesture and external rotator 
strengthening. A fully trained goalkeeper in fact 
does not land directly on the shoulder but curves 
it to spread the impact over a round surface. 
When in some exceptional circumstances this 
protection is not possible or the impact on the 
ground is abnormal or more violent with an asso-
ciated posterior impact on the ground, joint dislo-
cation can occur (Fig.  12.1 ). With a fall directly 
on the shoulder with the arm adducted, an 
acromion- clavicular dislocation can occur.  

 Another shoulder injury that can occur specifi -
cally in goalkeeper is the rotator cuff tear. The 
severity of injury can widely vary. Many injuries 
could be classifi ed as minor impingement, where 
injury and irritation cause pain in the shoulder 
during certain movements like overhead motions 
or reaching behind the back. If untreated,  shoulder 

  Fig. 12.1    A traumatic injury on the left shoulder in a pro-
fessional goalkeeper falling on the ground with the arm in 
abduction and slight forward fl exion. In this case, this ath-
lete sustained a traumatic anterior subluxation associated 
with massive cuff tear (supra and infraspinatus)       
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impingement associated to rotator cuff insuffi -
ciency can lead to infl ammation, and the painful 
shoulder long-standing irritation and infl amma-
tion can result in a tear of the rotator cuff. 
However, tears can also result from the trauma of 
landing on outstretched arms or on the shoulder. 

 When landing on the arm, the humerus typi-
cally can subluxate anteriorly (upper arm bone 
misaligns towards the front of the shoulder). The 
rotator cuff muscles attach to the humerus, so 
abnormal position of the arm, in the shoulder 
socket, can result in added stress to the muscles 
and other tissues. For that reason, adjustment of 
the shoulder is critical to prevent injury. 

 Goalkeepers use their rotator cuff muscles for 
throwing, catching, defl ecting balls and often 
landing on the arms and shoulders which results 
in injury to the muscles, tendons and ligaments of 
the shoulder. However, a signifi cant trauma is not 
the only way the rotator cuff is damaged. The 
nature of goalkeeping is repetitive. Keepers dive 
and land on the arms and shoulders. They jump in 
the air and come down on their arms and shoul-
ders. During these repetitive gestures, the rotator 
cuff could be overstressed and then result in an 
injury. Another but very rare shoulder girdle 
injury in a goalkeeper is the pectoralis major tear. 
This injury could be related to training, just 
because soccer require more and more physical 
performance, and goalkeeper makes some 
weightlifting particularly bench pressing during 
training [ 14 ]. This activity could be responsible 
to predispose to muscle/tendon injury. Another 
mechanism of injury is a direct blow such as dur-
ing a football tackle or during a contact with 
another player with the arm in abduction and 
external rotation [ 12 ]. 

 According to literature, taken into account all 
the soccer players, labral injuries represented the 
most common injury type affecting 21 (84 %) sub-
jects, two rotator cuffs (8 %) and two combined 
labral/rotator cuffs (8 %) [ 8 ]. However, goalkeeper 
suffered more rotator cuff injury than fi eld players, 
whether fi eld player had more Bankart lesion [ 8 ]. 
Often, rotator cuff and labral tear are associated. 

 Pectoralis major tear could be another shoul-
der injury in goalkeeper as we observed in our 
experience too.  

12.3     Clinical and Diagnostic 
Examination 

 The clinical examination in an athlete with an 
acute or chronic sports-related shoulder injury is 
used to confi rm or strengthen the suspected diag-
nosis. In consequence, shoulder clinical signs 
depend from type of injury and lesions occurred. 
In case of an acute glenohumeral dislocation, the 
athlete will complain of absolute loss of shoulder 
function, and normally the injured arm is sup-
ported by contralateral arm in a position of slight 
abduction and internal rotation. The elbow is 
fl exed and the forearm lifted against the trunk. 
The neck is inclined towards the side of the injury 
to give an analgesic effect. A compliant at the 
level of acromion-clavicular joint associated with 
tenderness and loss of function can be related to 
a trauma on the AC joint. Usually patients with 
this injury showed the arm with the elbow 
extended along the trunk. In case of acute injury 
of the pectoralis major tendon, athlete will com-
plain of intense pain in the anterior aspect of the 
shoulder associated with swelling and early 
appearance of ecchymosis over the axilla and/or 
down the arm. About rotator cuff tear, it could be 
very rare to have a real traumatic tear. Normally 
an acute or chronic tear can occur following a 
trauma. In this case, the athlete could complain a 
loss of function with an inability to actively lift 
the arm associated with a very important pain. 

 The next step in the physical examination of 
the shoulder is testing the active and passive 
range of motion present in the joint. 

 In case of acute trauma, of course, as men-
tioned, any active or passive shoulder movement 
could be very painful. In case of acute shoulder 
dislocation, clinician will enable to move the arm 
and shoulder of the athlete. In case of AC joint 
trauma, a certain grade of passive movement is 
always possible, and very important is possible to 
obtain a passive external rotation of the arm with 
the elbow at the side. This clinical sign is very 
important to exclude an anterior and overall pos-
terior shoulder dislocation. In case of AC trauma, 
tenderness on the top of AC joint is found, and 
passive movements with the arm across the chest 
position are impossible to realise. 
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 A different clinical scenario could be observed 
in case of chronic shoulder injury. In this case, of 
course, clinical fi ndings will be related to the 
type of lesion. 

 An athlete with shoulder instability can show 
a limited active motion because of apprehensive/
protective attitude. In other cases, the motion 
could be normal and patient can show a positivity 
of the apprehension tests. Also in case of a rotator 
cuff injury, the athlete will show a limited active 
motion because of muscle weakness. The clini-
cian should always assess the strength of the 
shoulder joint and should seek to isolate individ-
ual muscle whenever possible. Subacromial 
impingement test (Neer, Hawkins) should be also 
evaluated, taking care that particularly in young 
athlete patients, these signs could be positive also 
in case of subtle shoulder instability and could be 
confounding [ 13 ]. These athletes present a com-
plex clinical scenario because they do not have 
any history of shoulder dislocation or sublux-
ation, but they refer just a painful shoulder. 
During clinical examination, classic apprehen-
sion tests are negative, and the only clinical sign 
could be a pain reproduced with the arm in an 
anterior apprehension position and relieved by a 
relocation test. These athletes very often are 
hyper lax, and during clinical examination, 
impingement sign could be also positive [ 3 ]. 

 About pectoralis major injury, clinical sce-
nario in acute cases has been already described. 
When the athlete is observed once, the ecchymo-
sis and swelling subsides; a loss of the anterior 
axillary fold and normal pectoralis contour could 
be observed (Fig.  12.2 ). Palpation of the anterior 
axillary wall will reveal decreased thickness 
compared with the contralateral side. As the 
patient forcefully presses the hands against one 
another in front of the chest “prayer position”, 
asymmetry of the chest wall can be seen. Often a 
distinct deformity or hollow exists where the pec-
toralis muscle will move medially. Loss of 
strength is particularly notable to internal rota-
tion of the arm when tested at neutral.  

 Initial workup of the shoulder injuries should 
include plain radiographs to exclude bony abnor-
mality. These imaging could be enough in case of 
acute AC or glenohumeral dislocation. X-rays 

are also important to exclude fracture associated 
with dislocation. MRI investigation is indicated 
for all the shoulder injuries in which there is a 
suspect of shoulder instability, rotator cuff tear or 
pectoralis major rupture. The use of direct or 
indirect gadolinium enhancement may facilitate 
the assessment of labral and capsular injury pat-
tern as well as capsular volume. A Bankart lesion 
is present in most part of case of traumatic shoul-
der instability. This pathology is best observed on 
axial and coronal views. Of course, also ALPSA 
lesion or Perthes lesion could be observed with 
MRI. Most surgeons recommend the use of CT 
scan in case of recurrent instability or in case 
with acute traumatic dislocation to exclude any 
glenoid bone defect or associated fracture. 

 MRI is useful to also evaluate rotator cuff tear. 
In case of partial articular rotator cuff tear, an 
arthro-MRI is the gold standard.  

12.4     Treatment Strategy 

 Treatment will depend from the type of injury. In 
this section, we will focus on treatment of the 
more common shoulder injuries found in 
goalkeeper. 

 Most athletes with a labral injury and associ-
ated pathologies require surgical repair. Some may 
be able to cope through the season and can be 
repaired at the end of the season or they can be 
treated conservatively. These are usually the less 
signifi cant injuries with lesser pathology on MRI 

  Fig. 12.2    Clinical examination of a complete acute left 
pectoralis major muscle rupture. Note the deformity and 
loss of contour of the anterior left chest wall and axilla       
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(like subtle instabilities). Large structural lesions 
such as bony Bankart injuries, rotator cuff tears 
and large Hill-Sachs lesion or pectoralis major tear 
generally require early surgical repair. Treatment 
of rotator cuff pathologies depend on the severity 
of the pathology as well as the signifi cance of the 
symptoms of the athlete. Mild impingement symp-
toms with bursitis are treated with rehabilitation 
and subacromial steroid injection if required. If the 
athlete fails 3 months of physical therapy course, 
an indication to surgery is done. 

 In case of arthroscopic surgery, we prefer a 
lateral decubitus position with the right arm 
placed in a foam sleeve traction system. Four 
kilogrammes of balanced suspension are used 
with the arm in 70° of abduction and 20° of for-
ward fl exion. The scope is introduced through a 
standard posterior portal for diagnostic arthros-
copy. A classic anterosuperior portal just anterior 
to the long head of the biceps tendon is made. 
Normally we used only two portals to perform 
labral repair. Most of the procedure is carried out 
with the scope in posterior portal, although we 
switch at the beginning portals to perform a diag-
nostic procedure of the posterior part of shoulder 
looking with the scope through the anterior- 
superior portal. 

 Once the labral lesion is identifi ed, we start 
the glenoid labral preparation (Fig.  12.3 ). With 
an elevator, the labrum is freed from the glenoid 

neck until the fi bres of subscapularis muscle can 
be observed under the labrum. Sometimes it 
could be diffi cult to understand when the labrum 
is suffi ciently mobilised. A useful test is to insert 
the shaver into the joint, open the window and 
turn the section on. If the labrum fl oats up to ana-
tomic position, mobilisation is complete. A fur-
ther step is using the shaver to abrade a little bit 
the surface of the glenoid neck near the articular 
surface (Fig.  12.4 ). The tear confi guration is eval-
uated, and the plan for suture anchor placement is 
established. Normally we suggest to use at least 
two double-loaded suture anchors to repair an 
anterior instability [ 2 ].   

 We place at the beginning the most inferior 
anchor. The anchor should be placed at average 
45° angle to the glenoid face and just up on the 
glenoid face (Fig.  12.5 ). The position of insertion 
is related to the tear so to realise a south to north 
and east to west capsulolabral shift.  

 The spectrum (Conmed Linvatec, LARGO 
FL) suture hook is used to pass the suture through 
the tissue. A PDS (polydioxanone) No. 0 is used 
as a shuttle relay. The soft tissue penetrates cap-
sulolabral tissue 5–10 mm inferior and lateral to 
the labral edge so to realise the above-mentioned 
shift (Fig.  12.6 ).  

 After the fi rst anchor insertion and inferior 
capsulolabral repair, sequential anchor is placed 
in identical fashion. The capsulolabral tissue 
should be continually advanced superiorly for 
retention of the capsulolabral complex. 

  Fig. 12.3    Left shoulder as viewed from a classic poste-
rior portal. The probe shows the anterior Bankart lesion       

  Fig. 12.4    Once the lesion is identifi ed, a shaver is used to 
abrade the glenoid neck and also the capsulolabral tissue 
avoiding to use suction       
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 In case of a rotator cuff tear, surgical tech-
nique depends from the type of tear (partial or 
full thickness tear). 

 In case of partial articular tear, we prefer to 
use a transtendon technique using suture anchors 
[ 4 ]. The anchor is placed percutaneously 
through the remaining tendon into the bone of 
the decorticated rotator cuff footprint. A spinal 

needle loaded with a No. 1 monofi lament 
absorbable suture (PDS; Ethicon, Norwood, 
Massachusetts) is introduced percutaneously 
lateral to the edge of the acromion. It is passed 
through the bursal side of the remaining cuff 
and through a healthy portion of the articular 
portion of tendon. The suture is used to “shut-
tle” the two or three anchored sutures through 
the edge of the partial cuff tear (Fig.  12.7 ). The 
sutures are retrieved and tied in the subacromial 
space.  

 In case of full thickness RCT, normally we use 
a standard posterior portal, a lateral portal and an 
anterior-superior portal. We prefer a single row 
technique using triple-loaded suture anchors so 
to maximise the strength of repair (PW [ 10 ]). The 
tendon edges are debrided with a shaver, the bony 
bed of the repair is prepared with a burr, and the 
cuff is mobilised. Anchors are inserted at 45° 
angle (dead men angle) and between cartilage 
edges of humeral head in the foot print of the cuff 
tendon avoiding overtensioning of the tendon. In 
athletes, we prefer to use nonmetallic anchor 
(Fig.  12.8 ). Suture is passed through the tendons 
using different tools and different confi gurations 
according to surgeon’s preference but taking care 

  Fig. 12.5    A bio-absorbable suture anchor is inserted on 
the glenoid face, 5 mm from the glenoid edge and average 
10 mm superior from the most inferior part of the capsu-
lolabral detachment       

  Fig. 12.6    We can observe as the capsulolabral tissue is 
grasped most inferiorly in respect to the point where the 
anchor was inserted. This realise a south-north capsulo-
labral shift       

  Fig. 12.7    A left shoulder observed intra-articularly from 
a posterior portal. All the three sutures coming from the 
anchor have been passed through the articular part of the 
supraspinatus tendon using a spinal needle and monofi la-
ment suture as shuttle. This goalkeeper had also an antero-
superior labral tear that was fi xed with a suture anchor 
technique       
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to keep all the delaminated part of the tendon. At 
the end of repair, the sutures are tied from the 
lateral portal (Fig.  12.9 ).   

12.4.1     Tricks and Tips 

 In case of associated lesions (labral and RCT), 
we suggest the following steps. 

 In case of labral tear associated with partial 
RCT, we prepare the labral lesion, then we move 
to the cuff; we put the anchor and then we pass the 
sutures through the tendon (transtendon repair); 
we do not tie the knot. We move back to labral 

tear, we repair the labral lesion, and then we move 
in the subacromial space to tie the knots of the 
previously passed suture through the tendon. 

 In case of labral tear associated with full thick-
ness RCT, we suggest to repair the labral tear fi rst 
and then move in the subacromial space to repair 
the cuff tendon.  

12.4.2     Pectoralis Major Tear 

 In case of pectoralis major tear, primary repair 
should be done within 3 weeks from the tear. 
Patients are in beach chair position, and distal part 
of deltopectoral approach is made. A careful dis-
section is carried out until the torn end of the ten-
don is identifi ed and retrieved. The pectoralis 
major has a long narrow footprint requiring a 
broad repair site. The tendon is secured with two 
or three nonabsorbable sutures and then is attached 
to the humerus adjacent to the lateral side of the 
intertubercular groove. A variety of techniques 
have been described. We use two triple-loaded 
titanium anchors and the sutures are passed with a 
Mason-Allen confi guration.   

12.5     Rehabilitation and Return 
to Play 

 The rehabilitation will depend on different factors, 
particularly by type of pathologies and procedure 
performed. As rule, in the immediate postoperative 
period, the emphasis is on protecting the healing 
tissue, controlling pain and infl ammation and mini-
mising the negative effects of immobilisation. We 
allow according to the type of repair a safe passive 
motion of the operated shoulder in the fi rst week 
after surgery. 

12.5.1     Rotator Cuff Repair 

 In case of rotator cuff repair, a supine exercise in 
passive forward fl exion until 90° and external 
rotation until 60° is allowed. Primary importance 
after the rotator cuff repair surgery is avoiding the 
development of shoulder stiffness through initia-

  Fig. 12.8    A left shoulder observed in the subacromial 
space from a classic posterior portal. A nonmetallic 
anchor is inserted with an average 45° angle on the foot-
print area of the superior cuff       

  Fig. 12.9    Final view of a left shoulder observed in the 
subacromial space from lateral portal. A repaired rotator 
cuff with a single row technique is shown       
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tion of early shoulder mobility without possibly 
compromising the repair. Time of sling depends 
by the size of repaired lesion and normally is vari-
able between 28 and 35 days. In the subacute or 
intermediate phase, the exercise emphasis is on 
improving strength and neuromuscular control of 
the scapulothoracic muscle. The purpose of the 
movements in this phase is to improve continu-
ously the passive ROM and start to correct prob-
lems such as muscle imbalances or specifi cally 
weak points. The progression is to active-assisted 
ROM exercise once adequate tissue healing 
occurs and for us not before than 8 weeks after 
surgery. At 3 months, we start dynamic strength-
ening phase; the objective of the exercise protocol 
is to improve strength, power and muscular endur-
ance. These parameters need to be reestablished 
in parallel with the functional activities to which 
the athlete will return. Therapeutic exercises are 
provided to further enhance and integrate targeted 
rotator cuff, deltoid and scapular muscles. At 4 
months, the clinician can advance the exercises to 
include more functional sport-specifi c ranges. At 
this point, the objective of the therapeutic exercise 
is to progressively implement functional demands 
on the shoulder complex and help the athlete 
return to full participation in sport activities.  

12.5.2     Anterior Capsulolabral 
Procedure 

 In case of surgery for anterior instability, passive 
motion in forward fl exion until 90° and external 
rotation until 30° is started after 2 weeks from 
surgery. External rotation is held less than 30° 
until 3 weeks and then progressed to 45° by the 
sixth postoperative week [ 9 ]. About forward fl ex-
ion, this is limited to 90° until 3 weeks and then 
is gradually increased to 135° through postopera-
tive week 6. Time of sling is 35 days. 

 After 6 weeks, we start to improve the passive 
ROM and start to correct problems such as mus-
cle imbalances or specifi cally weak points. The 
goal is to achieve full ROM in all planes at 3 
months after surgery. Scapular isolation exercises 
with arms below shoulder level in pain-free and 
safe ranges are prescribed. Even though the 
 rotator cuff does not require specifi c protection 

after arthroscopic stabilisation procedures, shoul-
der active ROM and rotator cuff strengthening 
are purposefully delayed because of the poten-
tially detrimental effect to the healing tissues. 
The strengthening programme should integrate 
the appropriate ROM progression. At 3 months, 
we start dynamic strengthening phase. At 4 
months, we advance the sport-specifi c exercises 
to include more functional sport-specifi c ranges. 

 In case of combined injuries (anterior instability 
and cuff), we favour the protocol for instability. 

 About the time to come back to full sports activ-
ities, we suggest a time around 5 months. However, 
some published series reported a return to full sport 
activities after surgery for the goalkeepers after a 
mean time of 11.1 weeks after surgery also in case 
of combined injuries [ 8 ].  

12.5.3     Pectoralis Major Repair 

 In case of pectoralis major repair, the athlete will 
wear the sling for 5 weeks. After 1 week, he is 
allowed to start passive forward fl exion up to 130° 
on supine position with the arm adducted. For the 
fi rst 5 weeks, any active abduction, forward eleva-
tion and external rotation are to be avoided. 

 After 6 weeks, the sling should be discontin-
ued, and a programme of a passive range of 
motion can begin in all the plane of shoulder 
motion according to the pain. No active internal 
rotation is allowed until 8 weeks. Scapular 
 isolation exercises with arms below shoulder level 
in pain-free are started at this time. At 3 months, a 
progressive programme of strengthening is 
started. At 6 months, the athlete can start slowly 
to perform lightweight with high-repetition bench 
press and push-up. We assume the resumption of 
sport at a mean time of 9 months after surgery.      
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      Acromioclavicular Dislocation 

           Gianezio     Paribelli     ,     Stefano     Boschi     , 
    Alfonso     Massimiliano     Cassarino     , and     F.     Leonardi   

      Abbreviations 

   AC    Acromioclavicular   
  AP    Anteroposterior   
  CC    Coracoclavicular   
  SC    Sternoclavicular   

13.1           Epidemiology and Incidence 

    Acromioclavicular (AC) joint dislocations account 
for 3–10 % of all shoulder injuries [ 1 ,  2 ] and 40 % 
of sports-related shoulder injuries [ 2 ] and are more 
likely to affect young males owing to their greater 
involvement in sporting activities. The sports most 
at risk are those with a high risk of falls such as 
cycling and contact sports such as basketball, 
rugby, and, obviously, football (or soccer). 
A nation’s tendency to practice one sport rather 
than another also explains the geographical differ-
ences in the incidence of this injury.  

13.2     Etiopathogenesis 

 AC joint dislocations more commonly result 
from a direct trauma [ 3 ], even though indirect 
traumas are also possible [ 4 ]. 

  Direct Trauma     Frequent injuries include a fall 
onto the top of the shoulder with arm adducted, 
as occurs in falls from a bicycle or in  football , 
especially in  outfi eld playing positions , or a blow 
to the upper surface of the acromion with respect 
to the clavicle, as occurs in contact sports such as, 
again,  outfi eld playing positions in football .  

 Direct traumas involve the development of a 
vertical force on the upper surface of the acro-
mion with respect to the clavicle: as the upper 
extremity and scapula are displaced inferiorly, 
the clavicle cannot follow because it is obstructed 
by the fi rst rib, which acts as a pivot. Moreover, 
because the AC joint is characterized by poor soft 
tissue coverage, it has limited ability to absorb 
shock forces. If the force is not absorbed by the 
upper limb, it is transmitted to the clavicle and 
then to the sternoclavicular (SC) joint. Owing to 
the signifi cant stability of the SC joint, the energy 
of the impact is entirely re-transferred to the AC 
joint. The severity of the lesion and effect on 
affected structures depends on the direction and 
intensity of the forces [ 5 ,  6 ]. The force is initially 
transferred to the AC ligaments and capsule, then 
to the coracoclavicular (CC) ligaments, and 
fi nally to the deltotrapezial fascia. 
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  Indirect Trauma     This is typically described as 
a force impacting an outstretched adducted arm 
or an adducted elbow and directed superiorly 
such that the humerus is pushed upwards against 
the acromion, as occurs during a fall. In this situ-
ation, the force impacts above all the AC joint, as 
the CC distance is decreased with the coracoid 
and clavicle coming closer together, and their 
respective ligaments are released.  

 Rockwood’s type VI dislocations are another 
matter. Here, there is a force acting on the distal 
end of the clavicle with the arm adducted and the 
clavicle retracted. 

  This etiological differentiation also applies to 
football players, although the goalkeeper’s posi-
tion requires special attention. In addition to the 
risk of falls and direct injury common to all play-
ers, goalkeepers perform voluntary dives with 
arm at maximum adduction and elevation, which 
makes them similar to overhead athletes, with 
important implications in terms of pathoanatomy, 
diagnostics, treatment, and rehabilitation.   

13.3     Pathoanatomical 
Classifi cation 

 The severity of the dislocation is clearly related to 
the energy of the impact: this can lead to a spec-
trum of injuries that range from a simple sprain to 
tearing of the affected structures. Although sev-
eral classifi cations exist, the most commonly used 
is the Rockwood classifi cation, which distin-
guishes among six classes of injury, based on the 
extent and direction of clavicular displacement:

 –    Type I: low energy, simple sprain of the AC liga-
ments, intact CC ligaments, no displacement  

 –   Type II: greater energy, rupture of AC liga-
ments and capsule, intact CC ligaments, hori-
zontal instability, up to 50 % vertical 
displacement of the clavicle with <20 % 
increase in CC distance  

 –   Type III: high energy, rupture of AC ligaments 
and capsule, rupture of CC ligaments, intact 
deltotrapezial fascia, up to 100 % vertical dis-
placement of clavicle with 20–100 % increase 
in CC distance  

 –   Type IV: rupture of AC ligaments and capsule, 
rupture of CC ligaments, disinsertion of delto-
trapezial fascia, posteriorly displaced clavicle 
in or through the trapezius muscle. Necessary 
to assess SC for possible alterations  

 –   Type V: rupture of the AC ligaments and cap-
sule, rupture of the CC ligaments, complete 
detachment of the deltotrapezial fascia from 
the distal end of clavicle, >300% clavicular 
displacement, 100–300 % increase in CC dis-
tance compared to normal  

 –   Type VI: rupture of AC ligaments and capsule, 
rupture of CC ligaments, clavicle displaced 
inferiorly to the acromion or coracoid    

 The literature reports one case of acromion 
displaced inferiorly to the clavicle, suggesting an 
inferomedially directed force being applied to the 
upper surface of the acromion; this led the authors 
to propose the addition of a type VII injury to the 
Rockwood classifi cation [ 7 ].  

13.4     Clinical Examination 

  History     Obtaining a thorough history with 
details of the symptoms and causative event is 
mandatory: involvement of the AC joint should 
be suspected in any  football player  with shoulder 
trauma and a history of the typical mechanism of 
injury.  

  Inspection     This will reveal swelling or promi-
nence of the distal clavicle. It is important to 
assess the patient while he is sitting or standing, 
as this will allow the weight of the limb to exag-
gerate the deformity. The relative position of the 
clavicle with respect to the acromion can provide 
an indication as to the direction of the trauma. 
Although we believe clavicular elevation to be 
inevitable given the bone’s mobility, we are con-
vinced that the prominence is mostly the result of 
downward sagging of the shoulder and arm due 
to gravity. Often, in the acute phase, the patient 
will present supporting his shoulder with the con-
tralateral hand: this, combined with the swelling, 
can in part mask the prominence. As the initial 
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swelling subsides, the fi nding will become more 
appreciable.  

  Palpation     Palpation exacerbates pain as does 
active and passive motion and allows testing of 
joint stability.

 –    Pain. The nature of the pain may be variable, 
given that the AC joint is supplied by the lat-
eral supraclavicular, lateral pectoral, axillary, 
and suprascapular nerves [ 8 ]. In the case of 
type I dislocations, the pain will be the only 
symptom: a local infi ltration of lidocaine can 
help to establish the diagnosis [ 8 ].  

 –   Stability. In higher-grade dislocations, once 
the swelling and pain have subsided, joint sta-
bility can be tested, and the direction of possi-
ble instability, anteroposterior or superoinferior, 
can be established.  

 –   Tests. Depending on lesion severity, the move-
ment that most exacerbates pain is abduction 
or cross arm adduction: in less severe forms, 
the same movements should be tested against 
resistance. To this end, the cross arm test (with 
arm adducted and fl exed to 90°, and elbow 
fl exed to 90°, an additional adduction force is 
applied) and the Paxinos test (double pressure, 
thumb on acromion posteriorly, and index fi n-
ger on clavicle anteriorly) are particularly use-
ful [ 8 ]. The O’Brien active compression test is 
done with the operator standing behind the 
patient, who may be standing or sitting. The 
patient is instructed to forward fl ex his arm to 
90°, with elbow completely extended and 
internally rotated with thumb pointing down-
wards: he is then invited to adduct the arm 
10–15° and hold that position against resis-
tance. He is then asked to repeat the maneuver 
in external rotation, that is, with the thumb 
pointing upwards: reduction or disappearance 
of the pain indicates a positive test. The test has 
41 % sensitivity and 94 % specifi city [ 8 ]. The 
presence of pain inside the shoulder during the 
test is indicative of labrum disorders rather 
than AC dysfunction [ 8 ]. A useful test for 
assessing the integrity of the deltotrapezial fas-
cia in suspected higher-grade dislocations is 
the shoulder shrug: reduction of the dislocation 

indicates fascial integrity and permits differen-
tiation between a grade III and grade V dislo-
cation [ 8 ].     

 More in detail:

   Grade I: pain and swelling are mild and often the 
athlete does not interrupt activity. Pain is 
exacerbated only by palpation and fl exion and 
adduction.  

  Grade II: pain and swelling are moderate to 
intense. If the patient is examined before the 
swelling arises or after has subsided, running 
of a fi nger along the clavicle as far as the joint 
will reveal a step deformity. In addition, 
anteroposterior instability can be tested by 
grasping the clavicle itself and moving it ante-
riorly and posteriorly. There may also be mod-
erate pain at the CC space.  

  Grade III: moderate to intense pain in both the 
AC and CC space and swelling. Visible cla-
vicular displacement, which can be reduced 
with arm elevation, performed by the 
patient to relieve tension and thus pain or 
by the examiner. Pain is exacerbated by 
active and passive mobility and by the tests. 
By grasping the distal end of the clavicle, 
both horizontal and vertical stability can be 
assessed.  

  Grade IV: more intense pain in both the AC and 
CC space and greater swelling compared to 
grade III. When the swelling subsides, poste-
rior displacement through the trapezoid mus-
cle becomes evident. As in grade III, there is 
no horizontal fl uctuation.  

  Grade V: intense pain and displacement, greater 
than in the previous grades. Tear of the delto-
trapezial fascia accounts for the vertical fl uc-
tuation of the clavicle, the so-called “piano 
key” sign, which is much more evident than in 
the previous grades.  

  Grade VI: because of the    inferior displacement of 
the clavicle, the shoulder has a fl attened pro-
fi le (the acromion forms a step and there is a 
depression at the clavicle). Given the inferior 
displacement and the violence of the trauma, 
assessment of possible associated nervous or 
thoracic lesions is necessary.     
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13.5     Diagnosis 

 Imaging investigations are required not only to con-
fi rm the diagnosis but also to plan the treatment. 

13.5.1     Radiography 

 Recommended views for assessment of the AC 
joint are the anteroposterior (AP) and axillary (or 
axial) views (Figs.  13.1  and     13.2 ).   

  AP View     This is fundamental for assessing supe-
rior dislocation. The extent of dislocation can be 
quantifi ed by (a) measuring the percentage of 

 displacement of the clavicle with respect to the 
acromion, (b) using the distal edge of the clavicle 
as a reference, and (c) measuring the CC distance. 
The difference in the position of the structures 
should not exceed 4 mm [ 9 ]: the normal distance 
between the acromial and clavicular joint surfaces 
ranges from 1 to 3 mm and may decrease with 
age. The CC distance is assessed in terms of per-
centage compared to the contralateral side. A 
Zanca view, i.e., an AP view with a 15° cephalic 
tilt, may be indicated to avoid superimposition of 
the joint with the spine of the scapula.  

  Axillary View     This is required for evaluating 
any dislocations in the AP direction (type IV). 
This view provides better depiction of the joint 
which appears quadrilateral in shape.  

 Radiographically, the AC joint is considered 
to be stable if it shows no dislocation compared 
to the contralateral joint, subluxated if the dislo-
cation is ≤50 % of the contralateral joint, or dis-
located if there is complete dislocation accounting 
for ≥100 % of the AC joint surface. 

 Other aspects that may be assessed, in the var-
ious views, are ossifi cation of the CC space 
(complete or incomplete), arthritis (attested by 
osteophytes, sclerosis, or space narrowing), and 
osteolysis of the distal portion of the clavicle (if 
there are signs of bone demineralization). 

 In some cases, despite the suspected injury, 
CC distances on the two sides may appear 
 identical: in order to rule out a fracture, a Stryker 
notch view can be used, in which the patient lies 
supine on the table, with arm elevated parallel to 
the body axis, palm behind the neck, and beam 
oriented 10° cranially [ 1 ]; alternatively, the previ-
ously described Zanca view can be used. 

 Stress radiograms, useful for differentiating 
grade II from grade III dislocations, are less com-
monly used than in the past owing to the tendency 
not to treat grade III and because of their poor 
clinical yield and the discomfort felt by the patient.  

13.5.2     Computed Tomography (CT) 

 Although not a fi rst-line examination, CT can be 
useful in the event of hidden fractures or multiple 
traumas.  

  Fig. 13.1    Grade III acromioclavicular dislocation       

  Fig. 13.2    Reduction using a suspension system and bio-
logical boost       
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13.5.3     Magnetic Resonance (MR) 
Imaging and MR 
Arthrography 

 These can be important for the detection of 
capsular- ligamentous abnormalities, possible 
distal clavicle edema, or concomitant lesions to 
nearby structures. Although MR imaging is not 
routinely recommended, it should be borne in 
mind that certain specifi c situations will warrant 
its use. 

  As previously stated, goalkeepers, for example, 
should be considered overhead athletes in view of 
their most frequent athletic movements; for this 
reason, in addition to the traumas described so 
far, they are also prone to tendon and glenoid 
labrum traumas, which require imaging investi-
gations capable of revealing soft tissue injuries.  

 In detail:

   Grade I: AP and axillary views, normal radio-
graphic fi ndings compared to contralateral joint.  

  Grade II: AP view, slight widening of AC joint 
space compared to the contralateral joint and 
preservation of CC space, even on stress radi-
ography; axillary view, normal radiographic 
fi ndings.  

  Grade III: AP view, evident disruption of the AC 
and CC joint; axillary view, no posterior dis-
placement of the clavicle.  

  Grade IV: AP view, evident AC and CC disrup-
tion; axillary view, posterior displacement of 
the clavicle. When a good axillary view can-
not be obtained, as in cases of polytrauma, a 
CT examination is recommended.  

  Grade V: AP and axillary view, major disruption 
of the AC and CC joints.  

  Grade VI. AP view, evident inferior displacement 
of clavicle. Owing to the violence of the 
trauma, attention should be given to possible 
associated lesions.      

13.6     Treatment 

 Treatment decisions are driven by the Rockwood 
classifi cation, which recommends surgery for 
high-grade dislocations. 

 Grade I–II (conservative treatment):    Cryotherapy, 
pain relief, and immobilization with an ultrasling 
brace. Early mobilization is advised to promote 
return to play, but only after the pain has subsided. 
Return to play is usually possible after 7–14 days, 
provided anatomy and range of motion are normal. 
Players of contact sports and therefore also  football 
players are advised to use a padded splint for a few 
days after resuming athletic activity . Complications 
of conservative treatment are residual instability, 
arthritic degeneration, distal clavicular osteolysis 
and pain [ 1 ], arthritis, and ossifi cation of the CC 
ligaments [ 10 ]. 

 Grade III: The most appropriate treatment is 
widely debated in the literature, as there is no 
clear evidence of the superiority of one over the 
others [ 4 ,  11 ]. Almost 90 % of patients treated 
either conservatively or surgically achieve satis-
factory results, even though surgery is associated 
with a greater risk of complications such as repeat 
surgery, infections, and deformity, but also a faster 
return to play [ 4 ,  11 ,  12 ]. The advantages of surgi-
cal treatment appear to be greater strength, less 
residual pain, or deformity [ 13 ]. Conservative 
treatment could have a negative impact on scapu-
lar biomechanics: less-than-perfect reduction of 
the dislocation, by negatively infl uencing scapu-
lohumeral biomechanics, is often associated with 
effects on the cervical spine, probably as a result 
of secondary hyperlordosis or postural changes or 
because of the increased tension of the upper tra-
pezius produced by the changed insertion on the 
AC [ 12 ]. Surgery based on biomechanical reasons 
alone is not recommended, since anatomical 
reduction by itself is not considered suffi cient to 
provide optimal results [ 14 ]. The current tendency 
is to opt for surgery only in the event of failed 
conservative treatment or in athletes with high-
level functional demands. The persistence of pain 
3 months after the end of conservative treatment 
is generally regarded as a failure. Waiting, how-
ever, could prove to be a risk. Subjects who under-
went surgery within 3 weeks of the trauma had 
better results [ 15 ,  16 ], but not all authors have 
come to the same conclusion [ 17 ]: 

  In football players, grade III dislocations 
require different approaches depending on whether 
the player is a goalkeeper or an outfi eld player.  
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  AC dislocation in a goalkeeper requires imme-
diate surgical treatment and interruption of ath-
letic activity for at least 3 months, if during the 
season.  

  AC dislocation in an outfi eld player allows for 
a wider choice of management strategies :

    (a)     Conservative treatment and interruption of 
athletic activity for at least 40 days.    

   (b)     Surgical treatment and 40–60 days’ inter-
ruption. This may clearly be done in the 
immediate post-trauma period, but if in sea-
son, it may also be postponed to after the end 
of the season. The player will nonetheless 
require a resting period of 40–60 days.     

   We tend to support immediate surgical treat-
ment which allows us to exploit the biological 
repair response. Should we decide, in agreement 
with the athlete, to put off surgery until after the 
end of the season, we prefer to associate CC liga-
ment reconstruction with tissue-bank tendons so 
as to boost the biological repair processes, as 
will be described below.  

  The modalities for functional recovery are the 
same, although we prefer to delay return to play 
by one month compared to the normal postopera-
tive period for this type of procedure.  

 Grades IV, V, and VI, and grade III with failed 
conservative treatment or patients with high-level 
functional demands: surgical treatment. 

 Many different, open or closed, surgical proce-
dures have been described, and despite the wide 
range of surgical techniques, it is diffi cult to 
achieve excellent results. The intrinsic mobility of 
the clavicle, scapula, and AC joint is a contraindi-
cation for rigid stabilization systems. The ideal 
system preserves the joint biomechanics and tries 
to reproduce the normal anatomy of the damaged 
ligaments, in terms of stiffness and resistance, 
while paying attention to the distribution of ten-
sions, so as to avoid complications such as cutting 
of the suture materials over the bony structures. 

 The literature does not help to choose the most 
effective technique as comparative studies are 
few and most authors simply report the results of 
a single treatment. 

 Below we describe the most widespread 
approaches: 

  Dynamic Muscle Transfer     This involves trans-
ferring the tip of the coracoid process, with the 
conjoint tendon attached, to the undersurface of 
the clavicle, thereby creating a dynamic depres-
sor and a vertical stabilization force. Often the 
stabilization obtained is inadequate, and the lack 
of stability leads to failure to repair the lesion. In 
addition, patients often complain of continued 
articular pain [ 18 ].  

  Primary Stabilization of the AC Joint     This 
can be performed with stiff devices such as 
Kirschner wires, Steinmann pins or screws, bio-
absorbable materials, or plates. However, in view 
of some undoubted disadvantages, these treat-
ments are not recommended in athletes.  

  CC Stabilization     This is achieved by securing 
the clavicle to the coracoid process. Several tech-
niques have been described including the 
Bosworth screw and cerclage wires.

 –    The tightrope is a nonrigid stabilization tech-
nique which, through a minimally invasive 
procedure, aims at stabilizing the joint until 
healing of the CC ligament. The most obvious 
advantages are no need for re-intervention and 
limited tissue damage. At 12 months, 40 % of 
patients complained of discomfort due to the 
knot on the upper clavicular surface and 
returned to play after 4 months on average. 
Complications are infrequent and include ero-
sion of the synthetic material and bony resorp-
tion [ 13 ] and, in subjects with hyperlaxity, 
residual horizontal instability [ 19 ]. 
Biomechanical studies have shown the tight-
rope to have the same resistance as homologue 
implants (semitendinosus), but with the 
advantage of being less rigid, a feature that 
could promote normal scapula biomechanics. 
Furthermore, compared to other stabilization 
systems, the tightrope provides better distribu-
tion of forces thanks to the presence of but-
tons. Another, non-negligible, aspect is the 
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economic advantage compared to other stabi-
lization systems demonstrated by some stud-
ies [ 13 ].     

  Ligament Reconstruction With or Without 
Clavicle Excision     Recreating a vertical con-
straint between the undersurface of the clavicle 
and the coracoid process is the primary goal of 
ligament reconstruction. To this end, several 
techniques and materials have been described. 
The techniques can broadly be subdivided into:

 –    Transfer of the CC ligament with or without 
augmentation (not anatomical). These are usu-
ally associated with greater anterior transla-
tion of the clavicle compared to normal 
anatomy [ 20 ].  

 –   Reconstruction of the CC ligament (anatomical).  
 –   Combination of the above [ 8 ].     

 The typical nonanatomical reconstruction is 
the Weaver-Dunn technique, fi rst described in 
1972. This has major contraindications in ath-
letes, including detachment of the coracoacro-
mial ligament from the acromion, resection of the 
lateral end of the clavicle, and a biomechanically 
demonstrated stabilization strength equal to 25 % 
of the original, all reasons why we do not use this 
approach in our practice. 

  Reconstruction of the CC Ligament     This is 
done with a technique similar to the Weaver- 
Dunn method and involves autograft or allograft 
CC reconstruction though two tunnels drilled 
into the clavicle. In this context, biomechanical 
studies focusing on the position of the ligaments 
on the clavicle are particularly interesting; these 
found fi xed relationships between the length of 
the clavicle and the distance of the insertions on 
the articular lateral margin (30 % of clavicle 
length for the conoid and 17 % for the trapezoid) 
[ 8 ,  21 ]. In addition, the biomechanical superior-
ity of anatomical reconstructions compared to 
other techniques has also been demonstrated 
[ 22 ]. The most commonly used grafts are the 
doubled semitendinosus (autograft) and the ante-
rior tibialis (allograft).  

  Arthroscopic Repair     Firstly, this should be 
referred to as endoscopy/arthroscopy given that 
the treatment is performed inside the extra- 
articular cavity. This technique was fi rst reported 
in 2001, when the authors described placing, via 
a guidewire, of a suture thread through the clavi-
cle and coracoid to stabilize the reduction and 
reproduce the CC ligaments [ 23 ]. The mecha-
nism of injury underlying AC dislocations can 
also cause injuries to the rotator cuff, especially 
in the over 40s, as well as to other structures, as 
in goalkeepers, which is why we believe 
arthroscopic repair to be necessary. According to 
some authors, rotator cuff injuries are associated 
in 20 % of cases: for this reason, they recommend 
an arthroscopic phase to obtain a complete 
assessment [ 24 ].  

  In football players, we recommend the imme-
diate use of a “suspension” or “pulley” system, 
with or without biological support. In our opin-
ion, this technique ensures major primary stabil-
ity and does not require reoperation for the 
removal of the fi xation device. We believe the pul-
ley system to be suffi cient when used in the acute 
stage, as we consider football players to have a 
satisfactory spontaneous biological healing stim-
ulus related to the temporal closeness of the 
trauma. In patients with chronic dislocations 
who, for athletic needs, wish to postpone the pro-
cedure to after the end of the season, we advise 
the addition of biological support. This is because 
the capability for spontaneous repair in these 
patients may be exhausted or inadequate. The 
most frequently used grafts are semitendinosus 
and gracilis allografts (Fig.    13.2   ).  

  Timing of Treatment     Another diffi cult prob-
lem is the choice of the best timing for surgery in 
the athlete. Despite many studies demonstrating 
that the best clinical results are achieved when 
surgery is carried out in the acute stage, it may 
sometimes be preferable, or necessary for the 
athlete’s career, to postpone surgery to the off- 
season period. In this case, one needs to carefully 
evaluate the biological repair capability of liga-
ments and the possible use of grafts able to pro-
vide a stimulus to the repair process itself.  
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  Postoperative Care     Although protocols vary 
depending on the surgical technique used, they 
all involve one night’s hospitalization, early pas-
sive mobilization and pendulum movement 7–10 
days postoperatively, and sling immobilization 
for 3–8 weeks, depending on the authors. We rec-
ommend the use of an ultrasling brace for 4 
weeks with removal after radiographic assess-
ment; progressive restoration of fi rst passive and 
then active mobility, even by means of exercise in 
water as soon as this is possible; and return to 
play after 3 months for outfi eld players.  

  We adopt a more cautious strategy in goal-
keepers and recommend return to play 3 months 
after surgery provided that no associated lesions 
are present: otherwise, return to play is delayed 
to 6 months after surgery. Active movements are 
started when the sling is removed and a good bio-
logical repair is assumed and after total passive 
range of movement is restored. Return to play is 
expected after 6–8 months.      
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      Knee Medial Collateral Ligament 
Injuries 

           Luis     Pedro     Duarte     Silva     ,     C.     Desai    ,     N.     Loureiro    , 
    H.     Pereira    , and     J.     Espregueira-Mendes   

14.1            Etiology/Epidemiology/
Anatomy and Biomechanics 

     The medial collateral ligament      (MCL) is a common 
site of injury in sports and so it is very important to 
have great knowledge of all the parts involved for 
prevention, treatment, and rehabilitation. MCL 
injury is more common in sports that require con-
tact and male athletes are at greater risk  [ 1 ,  2 ] .  

  In a paper that studied the epidemiology of 
knee injuries, which included 17,397 patients 

with 19,530 sports injuries over a 10-year period, 
MCL lesion corresponded to 7.9 %      and soccer 
was the main activity leading to this injury  [ 3 ] .  

  MCL injuries sometimes are associated to 
other lesions such as meniscal tear and anterior 
or posterior cruciate ligaments tears  [ 4 ] .  

  The MCL (Fig.   14.1  ) is considered a static sta-
bilizer of the knee and is a strong ligament that is 
attached to the medial meniscus and capsule. It is 
divided into two portions, superfi cial MCL and 
deep MCL. The posterior oblique ligament (POL) 
is also a structure that is often neglected but has 
an important role in static knee stabilization, and 
since its anatomy and functions are correlated 
with the MCL, it also has to be mentioned.   The 
anatomy of the medial side of the knee is classi-
cally described in three layers, with the superfi -
cial MCL and posterior oblique ligament (POL) 
being in the second layer and the deep MCL in 
the third, and this division was described in a dis-
section study of 154 knees  [ 5 ] .   

  The superfi cial MCL has an average width of 
1.5 cm and length of 11 cm, it originates in the 
medial femoral epicondyle and inserts distal to 
the joint line on the medial aspect of the proximal 
tibia with two different attachments, the fi rst 1 cm 
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distal to the joint line and the other approximately 
6 cm (this attachment is the strongest)  [ 2 ,  6 ,  7 ] .  

  The deep MCL also called “middle capsular 
ligament” since it isn’t a distinct structure; clas-
sically it is divided in two portions: meniscofem-
oral and meniscotibial. It extends from the femur 
(1 cm distal to the origin of the superfi cial MCL) 
then courses distally to attach the medial 
 meniscus and fi nally inserting in the tibia 3–4 mm 
distal to the joint line  [ 2 ,  7 ] .  

  The posterior oblique ligament is a structure 
often misunderstood and neglected. Its origin 
arises from the adductor tubercle and has three 
distal attachments: (1) posterior tibia, (2)  posterior 
capsule, and (3) sheath of the  semimembranosus 
tendon  [ 2 ,  7 ] .  

  In terms of biomechanics, the MCL and related 
structures are mainly referred in the literature has 
valgus restraining structures, but recent studies 
have reported that the superfi cial MCL is also 
implicated in rotational stability    [ 8 ] . A study tested 
the maximum load supported by these structures, 
and the results were 534 N for the superfi cial 
MCL ,  194 N for the deep MCL, and 425 N to the 
posterior oblique ligament. In the same study, the 
momentum of failure was also analyzed for the 
three structures; the results were 10,2 mm to the 
superfi cial MCL, 7.1 mm for the deep MCL, and 
12 mm to the posterior oblique ligament  [ 9 ] .   

14.2     Injury Mechanism 

 The injury mechanism is typically one of the two 
mechanisms: direct valgus blow to the lateral 
side of the knee (typically this mechanism causes 

more severe lesions) and a noncontact rotational 
injury. Noncontact rotational injury can be a val-
gus force (most common); despite this commonly 
used reference in the literature, the normal mech-
anism generally includes a combination of move-
ment: fl exion/valgus/external rotation (Fig.  14.2 ) 
[ 10 – 13 ]. This can occur when a player tries to 
change direction quickly or when the shoe stays 
stuck to the ground. In a cadaver study, femoral 
attachment was the most common location of 
failure for the superfi cial MCL, but interstitial 
failure was more common in the posterior oblique 
ligament and deep MCL [ 9 ].   

  Fig. 14.1    MCL       

  Fig. 14.2    Flexion/valgus/external rotation of the knee       
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14.3     Clinical and Diagnostic 
Examination 

 The classifi cation of MCL    injuries could cause 
confusion, but since Hughston in 1994 opti-
mizes the classifi cation in terms of severity and 
laxity, it became more obvious [ 2 ,  14 ] (the lax-
ity grading is inserted on grade 3 of severity) 
(Table  14.1 ).

   A full knee examination should be performed 
to rule out associated injuries. In this chapter, the 
main aspects related to MCL injury will be 
referred. In the acute injury, the ideal timing to 
the physical examination is immediately after the 
injury so that the pain, swelling, and muscular 
spasm don’t make the assessment less reliable 
and diffi cult [ 2 ]. Some important information 
regarding the injury are ability to walk immedi-
ately after the event, sensation of pop or tear, and 
time and onset of swelling [ 15 ]. 

 The physical exam should start with inspec-
tion, including stance and gait. Swelling, defor-
mity, and ecchymosis can be present. Since more 
severe injuries can also involve the anterior cruci-
ate ligament, meniscus, or the posterior cruciate 
ligament, joint effusion can occur [ 2 ]. Comparing 
the range of motion of the two knees is important 
because a wide variation among individual exists. 
If the patient has a limited active knee (fl exion/
extension), passive motion should be tried to 
exclude a block. 

 Palpation should be performed since it can 
help identify other pathologies; bony and soft tis-
sue landmarks should be inspected; a 78 % of 
accuracy in detecting MCL injury when tender-
ness is present at the joint line in the place of the 
MCL has been reported [ 15 ]. 

 Valgus stress tests should be performed in 0° 
and 30° of fl exion and compared to the other knee. 
Any laxity at 0° of fl exion should lead to suspect 
injury to other structures such as the posterior cru-
ciate ligament [ 16 ,  17 ]. Isolated laxity at 30° sug-
gests injury of the superfi cial portion of the MCL. 

 The use of Porto Knee Testing Device 
(PKTD®) in MRI is useful to evaluate and mea-
sure the rotation instability (especially if associ-
ated with ACL injury) inside MRI [ 18 ]. 

 In chronic MCL injuries, the patient often 
complains of medial knee pain and instability 
[ 12 ,  19 ] that can be confi rmed by physical exam. 

 For a complete assessment of MCL injuries, 
imaging studies are often necessary such as radio-
graphs, magnetic resonance imaging (MRI), and 
ultrasound. The plain x-rays should only be obtain 
if the requirements on the Ottawa knee rules are 
fulfi lled, exceptions are to stress x-rays in the indi-
viduals with immature skeleton [ 20 ,  21 ]. Ultrasound 
can be a useful tool in evaluating isolated medial 
collateral ligament injuries and also predicting the 
outcome on the basis of the location of the injury 
[ 22 ], but more studies are needed to confi rm these 
allegations. MRI is rarely necessary to evaluate 
low-grade MCL injuries, but it can have an impor-
tant role in the exclusion of other associated injury 
and to a preoperative planning [ 2 ].  

14.4     Treatment Strategy 

 Injuries categorized as grade 1, 2, or 3 (without 
associated injuries) are treated nonoperatively 
and will be discussed at the end of the chapter. 
Changes have been made during the last decades 
in the approach for isolated grade 3 injuries. 
When comparing isolated grade 3 injuries treated 

   Table 14.1    MCL injury classifi cation, based on: [ 14 ]   

 Severity/grade 1  Involves a few fi bers; 
tenderness; no instability 

 Severity/grade 2  Disruption of more fi bers; 
broad tenderness; no 
instability 

 Severity/grade 3  Complete disruption of the 
ligament;  with  instability 

 Laxity/grade 1+  3–5 mm of absolute 
medial separation 

 Laxity/grade 2+   6–10 mm  of absolute 
medial separation 

 Laxity/grade 3+   >10 mm  of absolute 
medial separation 
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nonoperatively versus surgically, some reports 
present better results in subjective scores and ear-
lier return to play in the cases where conservative 
treatment was applied [ 12 ]. Due to better results 
with the conservative treatment of isolated grade 
3 MCL injury, this is now the standard approach. 
The use of a brace with protection of the valgus 
stress is a good option. 

 Surgical options are indicated in acute grade 3 
injuries with multiligament injuries or other situ-
ations such as presence of intra-articular liga-
mentous entrapment, large bony avulsion, or an 
acute complete tear of the tibial insertion [ 7 ,  19 , 
 23 ,  24 ]. In grade III, MCL lesions associated 
with ACL injury in football players, we perform 
more and more MCL repairs. 

 There are many different surgical techniques 
described in the literature, and some include the 
use of allografts or autografts with good results 
[ 25 ,  26 ]. 

14.4.1     Acute Injury Grade 3 MCL 
Injury 

14.4.1.1     Technique 
 Clinical grade of the injury can be more accurately 
determined under anesthesia. A diagnostic arthros-
copy is mandatory to diagnose associated menis-
cus and cartilage injuries. This also helps to 
determine the site of deep MCL injury, which may 
be above or below the meniscus. Care is necessary 
to preserve the infrapatellar branch of the saphe-
nous nerve which lies 5 ± 1 cm from the adductor 
tubercle [ 27 ]. The sartorial fascia is identifi ed. A 
longitudinal incision is taken on the fascia. The 
superfi cial MCL can be identifi ed beneath the 
gracilis and semitendinosus tendons. The deep 
MCL is examined. Any tear in the deep MCL must 
be identifi ed and the medial meniscus should be 
examined simultaneously for injuries. Repair the 
deeper structures fi rst. The meniscofemoral liga-
ment repair can be done using sutures or suture 
anchors. However, the meniscotibial part should 
be addressed using suture anchors preferably. The 
posterior oblique ligament repair can be done by 
direct suture to the femur. The knee is positioned 
in varus and extension to fi nish the repair. The 
superfi cial MCL end should be repaired when 

avulsed. Interrupted absorbable sutures are used to 
repair the  semimembranosus portion of the poste-
rior oblique ligament. After repairing the MCL, 
the anterior border of the torn posterior oblique 
 ligament can be sutured to its posterior border [ 2 ]. 

 Augmentation procedures have been studied 
to repair the superfi cial medial collateral liga-
ment with similar results to anatomic reconstruc-
tion [ 28 ], and according to some authors, if the 
superfi cial MCL is extensively injured, they can 
be performed [ 29 ].   

14.4.2     Surgical Treatment Chronic 
Injury 

 Those patients who remain with chronic knee 
pain and instability with isolate grade 3 injury 
can be candidates for surgery [ 19 ]. 

 Some precautions have to be taken in these 
patients, and a careful radiological study is indi-
cated so that patients with valgus alignment can 
be identifi ed and if necessary submitted to a cor-
rective osteotomy (that can in fact reduce the 
functional limitations but is a bad option for foot-
ball players and that can also reduce the stress in 
a soft tissue graft if it is necessary to apply it). The 
patients that don’t improve and have a genu varum 
or neutral alignment can be indicated for surgery. 
According to LaPrade, a technique that can be 
used for acute and chronic severe medial knee 
injuries is composed of two independent grafts in 
four tunnels. The superfi cial MCL reconstruction 
graft is inserted distally 6 cm to the tibial joint line 
after being fi xed on the femur (at the anatomic 
attachment site); this graft is tightened at 20° of 
knee fl exion and in neutral rotation. To replicate 
the proximal tibial  attachment site, a suture anchor 
is used in the native location. The graft that is used 
for the reconstruction of the POL is also inserted 
in the tunnels (femoral and tibial) that are placed 
in the original anatomical locations of the POL; 
this graft is then tightened with the knee extended 
and in neutral rotation [ 7 ]. 

14.4.2.1     Complications 
 Some complications that are described in the lit-
erature are infection, arthrofi brosis, saphenous 
nerve lesion, and recurrent valgus laxity [ 12 ].    
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14.5     Rehabilitation and Return 
to Play 

 Since the majority of MCL injuries are managed 
conservatively, this topic will focus more on this 
subject. 

 The type of rehabilitation treatment indicated 
for a medial collateral ligament (MCL) injury 
depends on the severity of the injury. Platelet-rich 
plasma (PRP) can be used with ongoing promis-
ing results as it has been referred in the literature 
[ 30 ,  31 ]. Recommendations for treatment that are 
followed in our group include the following: 

14.5.1     Mild MCL Injury 

 In this case usually, there may be mild tenderness 
on the inside of the knee over the ligament and 
usually no swelling. The rehabilitation guidelines 
can be split into four phases:

  Phase 1 (0–1 Week) 
   Aims:  patient education, reduce swelling if there 

is any, allow +15° extension and +100° fl exion, 
and begin pain-free strengthening exercises.  

   Physiotherapy treatment : cold therapy and a 
compression support to limit any swelling, 
electrotherapy, and manual therapy.  

   Exercise program : gentle range of motion (ROM) 
(fl exion mainly), static strengthening exer-
cises can begin as soon as pain is tolerable, 
isometric quadriceps exercises, calf raises 
with both legs, and resistance band exercises 
for the hamstrings, hip abductors, and hip 
extension but not for adduction as this will 
stress the medial ligament.  

   Activity : rest from activities that cause pain. If 
pain is tolerable, progress to full weight bear-
ing and normal gait pattern [ 32 – 39 ].   

  Phase 2 (1–2 Weeks) 
   Aims:  eliminate any swelling completely, full fl exion 

ROM, allow +10° extension, continue strengthen-
ing exercises, and return to slow jogging.  

   Physiotherapy treatment : cold therapy and a 
compression support to limit any swelling, 
electrotherapy, manual therapy, exercise mod-
ifi cation, and supervision.  

   Exercise program : introduce dynamic strengthen-
ing exercises (knee fl exion, half squats, step-
ups, single leg calf raise, bridging, and leg press 
are suitable exercises if is pain bearable) and 
balance and proprioceptive drills (single leg).  

   Activity : with hinged knee brace, rest from pain-
ful activities; however, the athlete may be able 
to do straight line jogging (slowly as long as it 
is not painful), swimming (light kick), and 
road bike [ 32 – 39 ].   

  Phase 3 (2–4 Weeks) 
   Aims:  full ROM, equal strength of both legs, full 

squat, dynamic proprioceptive training, and return 
to running and some sports-specifi c training.  

   Physiotherapy treatment : cold therapy after train-
ing sessions and manual therapy.  

   Exercise program : Build on dynamic strengthen-
ing exercises such as leg extension and leg curls 
exercises as well as squats to horizontal and 
lunges. Increase the intensity, weight lifted, and 
number of repetitions until the strength is equal 
in both legs.  

   Activity : in addition to straight running, start to 
include sideway and backward running, swim-
ming, agility drills, and plyometric exercises. 
Increase speed to sprinting and changing direc-
tion drills [ 32 – 39 ].   

  Phase 4 (3–6 Weeks) 
   Aims:  return to full sports-specifi c training and 

competition.  
   Physiotherapy treatment : cold therapy after train-

ing sessions and manual therapy.  
   Exercise program : high-level sports-specifi c 

strengthening as required.  
   Activity : with hinged knee brace, return to sports- 

specifi c drills, restricted training, and match 
play [ 32 – 39 ].     

14.5.2     Moderate-to-Severe MCL 
Injury 

 For this kind of injury, it is important that the 
ends of the ligament are protected and left to 
heal without continually being disrupted. The 
 rehabilitation guidelines can be split also into 
four phases:
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  Phase 1 (0–4 Weeks) 
   Aims:  patient education, control swelling, allow 

+30°extension and +90° fl exion, and begin 
pain-free strengthening exercises.  

   Physiotherapy treatment : cold therapy and a com-
pression support to limit swelling, electrother-
apy, manual therapy, and limited motion knee 
brace.  

   Exercise program : exercises done in brace; gentle 
fl exion ROM, extension ROM to 30° only; if 
pain is tolerable, static quads and hamstring 
exercises, double leg calf raises, and hip 
abduction and extension; and maintain aero-
bic fi tness on stationary cycle as soon as pain 
is bearable.  

   Activity : rest from all painful activities, wear a 
hinged or stabilized knee brace to protect the 
medial ligament, use crutches initially, non- 
weight bearing to start with, and then partial 
weight bearing from week 2 and by end of 
week 4 aim to be walking normally [ 32 – 39 ].   

  Phase 2 (4–6 Weeks) 
   Aims:  eliminate swelling, full weight bearing on 

the injured knee, full ROM, injured leg almost 
as strong as the good one.  

   Physiotherapy treatment : remove the knee brace 
at this stage, but it is important to use a simple 
stabilized knee support at this stage to apply 
compression to the knee, cold therapy, electro-
therapy, manual therapy, exercise modifi ca-
tion, and supervision.  

   Exercise program : range of motion exercises 
should continue along with isometric quadri-
ceps exercises. Mini squats, lunges, double leg 
press, hamstring curls, step-ups, bridges, hip 
abduction, hip extension, and single leg calf 
raises can begin or be continued.  

   Activity : swimming (light kick), road bike, and 
walking [ 32 – 39 ].   

  Phase 3 (6–10 Weeks) 
   Aims:  aims to regain full ROM, strength and 

endurance of affected limb, return to sports- 
specifi c drills, and restricted training, and 
match play.  

   Physiotherapy treatment : cold therapy after train-
ing sessions, manual therapy.  

   Exercise program : strengthening exercises as 
above increasing intensity and moving double 
leg exercises to single jump and land drills.  

   Activity : straight line jogging with hinged knee 
brace (no earlier than 6 weeks); after week 8, 
begin to run sideways and backwards, so by 
week 10, the athlete is able to begin to change 
direction at speed. For footballers, kicking 
may now be possible. When confi dent enough, 
plyometric drills, hopping, box jumps, and 
agility drills can begin [ 32 – 39 ].   

  Phase 4 (8–10/12 Weeks) 
   Aims:  return to full sports-specifi c training and 

competition.  
   Physiotherapy treatment : cold therapy after train-

ing sessions, manual therapy.  
   Exercise program : high-level sports-specifi c 

strengthening as required.  
   Activity : with hinged knee brace for the fi rst 2–4 

weeks, return to sports-specifi c drills, restricted 
training, and match play [ 32 – 39 ].      

14.6     Complications 
of Nonoperative Treatment 

 The two main complications are medial knee 
pain and residual valgus laxity [ 12 ]. 

14.6.1     Postoperative Care 

 There are many rehabilitation techniques related 
to this subject, and they depend on the surgical 
procedure that is performed and that is also true 
for the knee brace. 

 The main goals are a pain-free range of motion 
to obtain an increase in muscular strength along 
with a correct proprioceptive training, culminat-
ing in a gradual return to play.      
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      Injuries of the Lateral Collateral 
Ligament and Posterolateral 
Corner of the Knee 

           Andrea     Campi      and     Stefano     Campi    

15.1             Introduction 

    The lateral collateral ligament (LCL) is a crucial 
part of the posterolateral corner. Therefore, it can 
be treated exclusively in the context of the mus-
culoligamentous complex to which it belongs. 

 The posterolateral corner (PLC) consists of 
various structures. Even if the PLC is not well 
defi ned in the literature, most of the authors 
include in its description the lateral collateral 
ligament, the popliteal tendon (PT), the popliteo-
fi bular ligament (PFL) and the posterolateral cap-
sule that is reinforced by the arcuate ligament 
(AL) and the fabellofi bular ligament (FFL). 

 The PLC is responsible for the posterolateral 
stabilization of the knee, resisting to varus angu-
lation, posterior translation and external rotation 
forces [ 1 ]. 

 Injuries to the LCL and PLC are uncommon, 
representing less than 2 % of all acute knee liga-
mentous injuries, while the incidence in association 
with other ligamentous injuries, such as the anterior 
cruciate ligament (ACL) and/or the posterior cruci-
ate ligament (PCL), is much higher (43–40 %) [ 2 , 
 3 ]. Isolated lesions of the LCL are even more rare. 

 The most common mechanism of injury of the 
PLC is a combined, high-energy hyperextension 
and varus force [ 4 ]. 

 Interest in PLC injuries is recently increasing, 
since several studies have highlighted its impor-
tance in knee stability. As a consequence, together 
with improvements in diagnostic imaging, the rec-
ognition of these injuries is rising. Several studies 
have demonstrated superior results with immedi-
ate surgical intervention [ 3 – 6 ], whereas untreated 
or improperly treated PLC injuries are recognized 
as a cause of morbidity. Furthermore, unidentifi ed 
lesions can negatively affect the outcome of other 
surgeries as ACL and PCL reconstruction [ 7 ,  8 ].  

15.2     Anatomy 

 The anatomy of the posterolateral corner is intri-
cate and complex. Most authors describe the lat-
eral collateral ligament, the popliteus tendon and 
the popliteofi bular ligament as the most impor-
tant static stabilizers of the posterolateral side of 
the knee (Fig.  15.1 ).  

 The lateral collateral ligament attaches proxi-
mally on the femur in a small depression about 
1.4 mm proximal and 3.1 mm posterior to the lateral 
epicondyle and distally on the fi bular head 8 mm 
posterior to the anterior cortex and 28 mm distal to 
the tip of the fi bular styloid process [ 9 ,  10 ]. The lat-
eral collateral ligament is mainly responsible for the 
stabilization to varus opening of the knee, especially 
during the fi rst 30° of knee fl exion [ 11 ]. 
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 The popliteus muscle originates on the pos-
teromedial portion of the proximal tibia. Its ten-
don curses in a proximolateral direction becoming 
intra-articular, passes deep to the LCL and pop-
liteofi bular ligament and reaches the lateral fem-
oral condyle, where it attaches in the sulcus 
popliteus. This is on average 18.5 mm away from 
the LCL attachment. 

 Three popliteomeniscal fascicles (anteroinfe-
rior, posterosuperior and posteroinferior) connect 
the popliteal tendon to the lateral meniscus [ 9 ]. 

 The popliteofi bular ligament originates at the 
musculotendinous junction of the popliteus mus-
cle and courses laterally and distally, where it 
forms an anterior and a posterior portion that 
insert on the anteromedial and posteromedial 
aspect of the proximal fi bula, respectively. 
Expansions also attach to the lateral tibia and the 
proximal tibiofi bular joint capsule. The popliteo-
fi bular ligament acts as a stabilizer of external 
rotation of the knee [ 12 ]. 

 A thickening of the lateral capsule forms the 
mid-third lateral capsular ligament, composed by a 
meniscofemoral and a meniscotibial portion. The 
mid-third lateral capsular ligament is thought to be 
an important stabilizer to varus forces. The menis-
cotibial component is more frequently injured with 
a bony avulsion (Segond fracture) [ 11 ]. 

 Further structures provide static and dynamic 
stability to the posterolateral corner. Among 
these, the iliotibial band, the biceps tendon, the 
lateral gastrocnemius tendon and the lateral 
meniscus are the most relevant. 

 The iliotibial band is a lateral thickening of 
the fascia lata in the thigh. It inserts distally on 
the Gerdy’s tubercle on the anterolateral face of 
the proximal tibia and confl ates with an  expansion 
of the biceps tendon forming an anterolateral 
sling about the knee. During knee extension, the 
iliotibial band is tightened and anterior to the 
fl exion axis of the knee, acting against varus 
opening of the knee. This function vanishes as 

a
b

  Fig. 15.1    Photograph (a) and illustration (b) showing the anatomy of the posterolateral corner. (Reprinted from 
LaPrade et al. [ 13 ] with permission of SAGE Publications)       
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the knee is fl exed and the iliotibial band moves 
posteriorly. 

 The biceps tendon inserts distally on the sty-
loid process of the fi bula, embracing the lateral 
collateral ligament, and acts as a dynamic stabi-
lizer of the knee. 

 The lateral gastrocnemius tendon inserts 
into the posterior aspect of the lateral femoral 
condyle and merges to the posterolateral joint 
capsule [ 13 ]. 

 Finally, the lateral meniscus acts as a stabi-
lizer increasing the conformity of the convex sur-
faces of the lateral compartment of the knee.  

15.3     Biomechanics 

 The structures of the posterolateral corner pri-
marily work as a static restraint to varus open-
ing, external rotation and posterior tibial 
translation [ 14 ]. 

 Previous biomechanical studies have under-
lined the role of each component of the PLC by 
selective sectioning of the structures. Specifi cally, 
the isolated sectioning of the PLC produces an 
increased varus laxity and tibial external rotation. 
At 90° of knee fl exion, this external rotation is 
partially reduced if the posterior cruciate liga-
ment is intact. Conversely, isolated sectioning of 
the PCL has no effect on external tibial rotation, 
suggesting its role as a secondary constraint. 

 These biomechanical fi ndings justify the 
rationale for performing the dial test at 30° and 
90° of fl exion to discern an isolated PLC or com-
bined PLC/PCL injury [ 15 ]. 

 Section of the LCL leads to an increase of 
varus opening up to 5 mm at 15° of fl exion. 
Further sectioning of the popliteus tendon and 
the popliteofi bular ligament implies an additional 
varus opening that is limited in full extension by 
the cruciate ligaments [ 16 ]. 

 In knee full extension, the LCL reaches its 
maximal tension, and between 5° and 25° of fl ex-
ion, it acts as the main restraint to varus opening 
of the knee. Beyond 30°, the LCL becomes pro-
gressively loose, and the surrounding structures 
relieve its role of varus stabilizer. However, the 

LCL still contributes to external rotatory stability 
of the tibia in knee fl exion [ 17 ]. 

 The stability against external rotation of the 
tibia is also provided by the popliteus muscle, 
that generates an internal rotational force on the 
tibia, and by the popliteofi bular ligament, that is 
the primary restraint to tibial external rotation at 
all fl exion angles, remaining isometric through-
out the whole range of motion of the knee. 

 Therefore, the LCL and the popliteus complex 
have complementary functions as stabilizers to 
external rotation, with a primary role of the lat-
eral collateral ligament at lower knee fl exion 
angles and a primary role of the popliteus com-
plex at higher knee fl exion degrees [ 3 ,  18 ]. 

 Finally, the lateral structures offer resistance 
to posterior translation of the tibia in knee exten-
sion. During progressive knee fl exion, the poste-
rior cruciate ligament progressively undertakes 
this function [ 17 ,  19 ].  

15.4     Clinical Diagnosis 

 A thorough knee examination is essential for a 
correct diagnosis of posterolateral instability, as 
well as a precise history and the mechanism of 
injury evaluation. 

 The most common mechanisms of injury 
include combined external rotation and hyperex-
tension, direct trauma on the anteromedial aspect 
of the proximal tibia resulting in hyperextension, 
direct trauma on fl exed knee or high-energy 
trauma [ 15 ,  20 ]. 

 Associated ligamentous tears, such as the pos-
terior cruciate ligament, may sometimes hide 
posterolateral corner injuries. Therefore, during 
knee examination, it is paramount to suspect and 
investigate the presence of these lesions, espe-
cially in case of a suggestive mechanism of 
injury. 

 In high-energy traumas and complex injuries, 
the possibility of a knee dislocation that sponta-
neously reduced before examination should be 
considered. Thus, it is important to assess the 
neurovascular status, focusing on the peroneal 
nerve and popliteal vessels integrity [ 3 ]. 
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 Limb alignment and gait should be assessed 
fi rst. In chronic setting the evaluation of gait and 
alignment could reveal an asymmetric standing 
varus alignment and a varus or hyperextension- 
varus thrust under bearing. In the acute setting, 
limping and antalgic gait are usually prevalent. 

 In the acute traumas, swelling and/or ecchy-
mosis about the posterolateral aspect of the knee 
may be revealed, as well as tenderness to palpa-
tion that can be better assessed in a fi gure-of-four 
position. 

 The evaluation of range of motion may reveal 
an asymmetric hyperextension in the affected knee. 

 Specifi c examination should be performed on 
both knees and comprises the varus stress test, 
the dial test, the external rotation recurvatum, the 
reverse pivot-shift and the posterolateral drawer 
test. 

 Varus stress testing must be performed at 0° 
and 30° of knee fl exion. Generally, an evident 
varus opening with the knee in full extension is 
highly suggestive of a severe posterolateral cor-
ner injury with an associated lesion of cruciate 
ligaments injury, since they act as secondary 
varus stabilizers in full extension. In presence of 
isolated posterolateral injuries, the higher varus 
opening is at 30° of fl exion. However, in some 
PLC injury patterns such as PFL or popliteus 
lesions, the varus deformity can be minimal with 
a predominant rotational instability [ 3 ,  20 ]. On 
the other hand, isolated lesion of the lateral col-
lateral ligament may result in a positive varus 
stress with no posterolateral rotation instability. 
In the latter setting, the LCL could not be found 
on palpation in fi gure-of-four position [ 21 ]. 

 The dial test is performed with the patient in 
supine or prone position. The examiner places 
one hand behind the proximal tibia to keep it in a 
reduced position and with the other hand holds 
and externally rotates the patient’s foot, both at 
30° and 90° of knee fl exion. 

 A minimum difference of 10° in external rota-
tion at 30° of knee fl exion suggests a signifi cant 
PLC injury. A decrease of the external rotation at 
90° of knee fl exion (compared with 30° of fl ex-
ion) indicates an isolated lesion of the PLC, while 
an increase of external rotation implies a com-
bined PLC/PCL injury [ 3 ,  22 ]. 

 The external rotation recurvatum test is per-
formed with the patient in supine position. The 
examiner lifts the patient’s heels off the table at 
the same time holding his great toes. The hyper-
extension of the affected leg, often associated 
with external rotation into relative varus of the 
tibia, is suggestive of a signifi cant posterolateral 
corner injury. Alternatively, the examiner can 
perform the test by holding the heel of the patient 
with one hand and placing the other hand behind 
proximal tibia to keep the knee at 30° of fl exion. 
The test is positive when progressive extension of 
the knee reveals a relative hyperextension and 
external rotation of the tibia [ 23 ]. 

 The posterolateral drawer test is performed 
with the knee at 90° of fl exion and the foot exter-
nally rotated by 15°. As a posterior load is applied 
to the proximal tibia, a signifi cant increase in 
posterior translation and external rotation sug-
gests a defi cient PLC. A positive test frequently 
indicates a popliteal tendon or popliteofi bular 
ligament injury [ 23 ,  24 ]. 

 The reverse pivot-shift test starts with the knee 
at 90° of fl exion and the foot externally rotated. 
The knee is then progressively taken into exten-
sion under a valgus force. When the test is posi-
tive, at the starting point the lateral tibia plateau 
is posteriorly subluxated and quickly reduces at 
about 20° of fl exion as the iliotibial band force 
vector changes from a fl exor to an extensor of the 
knee. Occasionally the test may be positive in 
normal knees; therefore, a comparison to the con-
tralateral knee is always needed [ 24 ,  25 ].  

15.5     Imaging 

 X-rays are usually negative in patients with pos-
terolateral corner lesions, but they can occasion-
ally reveal abnormal fi ndings including the 
arcuate sign or fi bular styloid fracture, the widen-
ing of the lateral joint space, the Segond fracture, 
the medial Segond fracture or the Gerdy’s tuber-
cle avulsion [ 6 ]. 

 Stress radiography can be useful both in acute 
and chronic setting to confi rm the clinical suspect 
of a posterolateral corner injury. The widening of 
the lateral compartment can be revealed by the 
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application of a slight varus stress to the knee. In 
a cadaveric biomechanical study, LaPrade et al. 
[ 26 ] have demonstrated that an increased opening 
of approximately 2.7 mm on clinician-applied 
varus stress radiographs suggests an isolated lat-
eral collateral ligament injury, whereas an 
increase by approximately 4.0 mm indicates a 
grade III posterolateral corner injury. 

 The Segond fracture is an avulsion of the lat-
eral capsule attachment from the lateral tibial 
plateau, and it can be found in isolated postero-
lateral corner injuries or in association with cru-
ciate ligament tears. Occasionally, a medial or 
“reverse” Segond fracture may be associated to 
isolated posterolateral corner, combined PLC/
PCL injuries and meniscal tears. This small 
anteromedial tibial plateau fracture has been 
hypothesized as the result of a valgus and exter-
nal rotation force on the fl exed knee or from 
impingement of the anterior femoral condyle on 
the anteromedial tibial plateau in hyperextension 
and varus stress [ 27 – 30 ]. 

 The “arcuate sign” is a radiographic fi nding 
representing an avulsion of the “arcuate com-
plex” insertion on the fi bular styloid from the 
proximal head of fi bula. The arcuate complex is 
composed by the popliteofi bular, fabellofi bular 
and arcuate ligaments and inserts on the fi bular 
styloid of the fi bular head. Therefore, the arcuate 
sign is pathognomonic for posterolateral corner 
injuries. The detached fragment is usually small 
(1–8 mm) and displaced medially and superiorly. 
Larger fragments (15–25 mm) are generally the 
result of a conjoined tendon avulsion. The con-
joined tendon (composed by the LCL and biceps 
femoris tendon) inserts anteriorly and inferiorly 
to the styloid process, on the lateral aspect of the 
fi bular head [ 24 ,  30 – 33 ]. 

 Magnetic resonance imaging (MRI) is the 
gold standard for diagnosis of the multiligamen-
tous injuries of the knee. The imaging of the 
structures of the posterolateral corner, like arcu-
ate ligament, fabellofi bular ligament and pop-
liteofi bular ligament, is diffi cult, and many 
authors recommend the use of high strength mag-
nets (1.5 T or higher) and the addition of coronal 
oblique series [ 34 ,  35 ]. The advent of 3-Tesla, 
high-defi nition MRI signifi cantly improved the 

visualization of the ACL, PCL, LCL, biceps fem-
oris, iliotibial band, posterolateral capsule, pop-
liteofi bular ligament and the popliteus tendon. 
Moreover, MRI can reveal associated condition 
like chondral damage and meniscal tears [ 21 ].  

15.6     Treatment Strategy 

15.6.1        Nonoperative Treatment 

 Partial injuries (grades I and II) of posterolateral 
corner can be usually addressed with conservative 
treatment. The nonoperative treatment consists in 
knee immobilization in full extension for 3–4 
weeks, followed by tolerance weight-bearing and 
progressive exercises for range of motion recov-
ery. After 6–8 weeks from injury, closed chain 
exercises can be performed, avoiding hamstring 
exercises until at least 10 weeks. After progressive 
strengthening, return to full activity is usually 
allowed 12–14 weeks after injury [ 11 ,  35 ].  

15.6.2     Operative Treatment 

 Grade III injuries often require surgical treatment, 
since conservative measures generally lead to 
poor outcome. The operative treatment of pos-
terolateral corner injuries is strictly related to the 
timing and to the presence of associated lesion. 
According to these parameters, it is possible to 
identify four categories: isolated acute posterolat-
eral injuries, combined acute posterolateral inju-
ries, isolated chronic posterolateral injuries and 
combined chronic posterolateral injuries [ 11 ]. 

 The aim of this chapter is to treat isolated inju-
ries of lateral collateral ligament and posterolat-
eral corner, both in acute and chronic settings. 

 According to numerous studies, anatomic 
repair of the acute posterolateral corner injuries 
produces superior outcome when compared to 
reconstruction of chronic lesions [ 5 ,  11 ]. 

 Primary repairs should be performed within 3 
weeks of injury, as the scar tissue makes it diffi cult 
to identify anatomic structures and confuses the 
planes of the posterolateral aspect of the knee. 
Within the fi rst days after injury, the 
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 musculotendinous structures tend to proximal 
retraction and may preclude an anatomic repair. 
The fi brous tissue can conceal the peroneal nerve, 
with higher risks of iatrogenic lesions. Furthermore, 
in the early period, tissue quality is usually supe-
rior and more suitable to be sutured [ 2 ]. 

 For all the above reasons, many authors rec-
ommend to perform anatomic repair of the pos-
terolateral structures within 1–2 weeks after 
injury [ 11 ,  35 ]. On the other hand, early surgery 
on a severely injured knee is associated with 
higher risk of arthrofi brosis, especially in patients 
with large effusion and limited preoperative 
range of motion. Therefore, some authors recom-
mend full motion recovery with controlled ROM 
exercises before surgery to avoid severe postop-
erative stiffness [ 2 ]. 

15.6.2.1     Surgical Approach 
 Anatomic landmark include the Gerdy’s tubercle, 
the lateral joint line and the fi bular head. Skin 
incision extends about 10 cm proximal and 5 cm 
distal to the joint line. Proximally, it is performed 
along the posterior margin of the iliotibial band 
and then curves and extends distally between the 
fi bular head and the Gerdy’s tubercle. 

 The internervous plane lies between the ilio-
tibial band and the biceps femoris. In alternative, 
dissection can be performed sectioning central 
portion of the iliotibial band, parallel to the fi bres. 
The common peroneal nerve must be identifi ed 
along the posterior aspect of the biceps femoris 
and the fi bular head and gently retracted. 

 By mobilization of the iliotibial band, pop-
liteofi bular ligament, popliteus tendon and mus-
cle, biceps femoris and lateral collateral ligament 
can be identifi ed [ 36 ,  37 ].  

15.6.2.2     Primary Repair 
 When torn tissues are suffi cient, each component 
of the posterolateral corner should be anatomi-
cally repaired. The repair should be performed at 
60°–70° of knee fl exion in neutral or slight inter-
nal rotation [ 38 ]. 

 The popliteus tendon is the fi rst structure to be 
assessed. The popliteus tendon is frequently torn 
at the myotendinous junction rather than being 
avulsed from the femur. In this case, the tendon is 

generally sutured or fi xed by cancellous screws to 
the posterolateral aspect of the tibia, converting 
the tendon into a static stabilizer of the knee and 
imitating the popliteofi bular ligament function. 

 In case of avulsion from the femur, the poplit-
eus tendon can be fi xed at his proximal insertion 
site by drilling parallel transosseous tunnels 
through the femoral condyles from lateral to 
medial. The tendon is then sutured and the sutures 
passed through the drill holes and fastened over a 
button. 

 Many authors have underlined the important 
role of the popliteofi bular ligament as stabilizer 
in external rotation and posterior translation of 
tibia. In case of a popliteofi bular ligament tear, 
the tenodesis of the popliteus tendon (if intact) to 
the posterior aspect of the fi bula can replace its 
function [ 5 ,  36 ]. 

 The LCL is generally avulsed at the femoral 
insertion. In this case it can be sutured and rein-
serted using transosseous drill holes through the 
femoral condyles. The avulsion from fi bular head 
can be repaired either by transosseous drill holes 
or screw fi xation [ 38 ]. 

 Midsubstance tears of PCL components are 
more diffi cult to repair than avulsion or proximal 
and distal lesions. When tissue is suffi cient, they 
can be treated by end-to-end suture with the knee 
positioned in 60°–70° of fl exion. 

 In presence of capsular tears or redundancy, 
repair or imbrication should be executed [ 36 ].  

15.6.2.3     Augmentation 
 Whether the tissues are not suitable for primary 
repair or this is considered not adequate, it is pos-
sible to consider an augmentation with autoge-
nous or allogeneic tissue grafts. 

 The popliteus tendon can be augmented using 
the central portion of the iliotibial band by har-
vesting a longitudinal strip about 2 cm wide 
 without detaching the insertion on the Gerdy’s 
tubercle. A tunnel is then drilled in the tibia infe-
riorly to the iliotibial band insertion and directed 
towards the posterolateral portion of the tibia. 
The graft is then passed through the tunnel and 
sutured to the popliteus tendon remnant. Part of 
the biceps tendon can be used to augment or 
reconstitute the popliteofi bular ligament and the 
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popliteus tendon. The central portion of the ten-
don is harvested leaving the distal insertion 
attached. The graft is then passed beneath the 
remaining portion of the biceps tendon and 
inserted on the lateral aspect of femoral condyle 
[ 5 ,  36 ]. 

 The biceps tendon can be either used to 
replace an insuffi cient LCL by performing a 
tenodesis on the lateral femoral condyle. 
Moreover, the biceps tendon tenodesis eliminates 
the external rotation and fl exion force exercised 
by the biceps. Integrity of the posterolateral cap-
sule is required for a successful tenodesis. The 
augmentation of LCL can also be performed 
using free hamstring grafts [ 36 ,  39 ]. 

 The fi bular-based fi gure-of-eight reconstruc-
tion is the most widespread non-anatomic tech-
nique for posterolateral corner reconstruction. 
The reconstruction can be performed with several 
graft including hamstrings, tibialis anterior and 
tibialis posterior, either autograft or allograft. A 
tunnel is drilled in the middle of the fi bular head 
from anterior to posterior, protecting the com-
mon peroneal nerve. The LCL and popliteus ten-
don insertions on the lateral femoral epicondyle 
are then identifi ed, and a K wire is positioned in 
the isometric point. The graft is then passed 
through the tunnel on the fi bular head and fi xed 
on the isometric point on the femur with an inter-
ference screw, with the anterior band passing 
beneath the iliotibial band and the posterior band 
beneath the biceps tendon and the iliotibial band. 
The anterior band of the graft reproduces the 
LCL, while the posterior band reconstructs the 
popliteofi bular ligament. The graft should be 
fi xed with the knee at 30° of fl exion in slight val-
gus and internal rotation [ 5 ,  40 ]. 

 Several authors have modifi ed this technique 
to better reproduce the posterolateral corner anat-
omy. Arciero proposed a modifi ed technique 
adjusting the positions of the graft on the femur 
and the fi bular head to match the anatomic inser-
tions of LCL and PFL. The fi bular tunnel is 
directed slantwise from the anterolateral to the 
posteromedial aspect of fi bular head, and two 
tunnels placed on the anatomical footprints of 
LCL and PFL substitute the isometric femoral 
tunnel. The technique also implies the insertion 

of an additional interference screw in the fi bular 
tunnel to improve the stability of the construct 
[ 40 ,  41 ]. Several authors have described other 
construct confi gurations based on similar princi-
ples, with variable clinical outcomes (Fig.  15.2 ) 
[ 2 ,  42 – 44 ].  

 In 1985 Hughston et al. proposed an operative 
approach that consisted in the advancement of the 
posterolateral corner structures insertion on the 
femur. The popliteus, the LCL, the arcuate liga-
ment, the lateral gastrocnemius tendon and the 
capsule are advanced proximally and fi xed to the 
lateral femoral condyle to increase posterolateral 
stability. This technique is helpful when the tissues 
are not suitable for primary repair, even though it 
involves a substantial modifi cation of the normal 
anatomy of the posterolateral corner. The authors 
reported high percentage of satisfactory results 
with a follow-up of 2–13 years. Alternatively, the 
isolated advancement of the popliteus tendon can 
be performed if the tendon is strained but not torn. 
This technique respects more the anatomy, but 
implies a higher risk of failure [ 36 ,  45 ].  

15.6.2.4    Proximal Tibial Osteotomy 
 The mechanical alignment is a central contribu-
tor to knee stability, and the effects of varus or 
valgus malalignment become even more evident 
in presence of ligamentous injuries. The evalua-
tion and treatment of limb malalignment are 
therefore crucial in PLC defi cient knees, espe-
cially in case of prior failed reconstructions. 
Many authors have reported that failure to correct 
varus alignment can frequently result in failure of 
the posterolateral knee repair or reconstruction. 

 In presence of a varus malalignment, a proxi-
mal tibial medial opening wedge osteotomy 
should be performed before ligament repair or 
reconstruction [ 2 ,  46 ,  47 ]. After realignment, the 
eventual joint laxity can be treated successfully 
with secondary ligamentous reconstruction [ 2 , 
 46 ,  48 ], even though in selected cases tibial oste-
otomy can result as a defi nitive treatment. 

 In a biomechanical study on cadaveric knees, 
LaPrade concluded that a proximal tibial medial 
opening wedge osteotomy reduced varus and 
external rotation laxity in posterolateral corner 
defi cient knees. However, the authors observed 
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an increased stress on the superfi cial medial col-
lateral ligament, with uncertain long-term conse-
quences [ 49 ].   

15.6.3     Postoperative Rehabilitation 

 The postoperative rehabilitation of PLC injuries 
is controversial. A brace immobilization in full 
extension is generally indicated for about 6 
weeks. Indications for weight-bearing are vari-
able. Most authors suggest non-weight-bearing 
for at least 6 weeks, even though some surgeons 
allow early partial weight-bearing. Quadriceps 
exercises are usually considered the cornerstone 
of rehabilitation, including quadriceps sets, mini 
squats and straight leg raises. Some authors 

 suggest immediate initiation of ROM, while oth-
ers suggest delaying up to 3–4 weeks postopera-
tively. Active hamstring exercises should not be 
performed during the fi rst 4 months. Open-chain 
hamstring-strengthening exercises are generally 
delayed for 4–6 months. Return to sport and/or 
work activities is generally allowed around 9–12 
months after surgery [ 2 ,  3 ,  50 ].      
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      Anterior Cruciate Ligament 
(ACL) Lesions 

           Pier     Paolo     Mariani     ,     Guglielmo     Cerullo    , 
    Germano     Iannella    , and     Marco     Giacobbe   

16.1             Epidemiology 

    Soccer is currently the most popular sports with 
over 240 million participants worldwide, and 
unfortunately, soccer-related knee injuries are 
very common. The anterior cruciate ligament 
(ACL) is the most common ligament knee injury 
during soccer activity and usually causes long 
layoff from soccer [ 1 ] .  The annual prevalence of 
ACL injury is reported to be between 0.5 % and 
6.0 % of all female players and between 0.6 % 
and 8.5 % of all male players, respectively [ 2 ]. 
The frequency of ACL ruptures, whether 
expressed as an incidence or as an absolute value, 
is probably higher because the gathering of data 
on a large number of athletes with different age, 
gender, or level is actually impossible. Moreover, 
many other extrinsic factors such as differences 
of training, climate zones, exposure time to 
match play, and team level may reduce the statis-
tical power of epidemiological analyses. Despite 
our little knowledge regarding incidence of ACL 
injury, soccer has a high rate of injury especially 
when compared to other types of sports. The 

 etiology of ACL injuries includes a variety of 
intrinsic and extrinsic factors. The intrinsic fac-
tors, race and gender specifi c, are not modifi able 
and include hormonal issues, lower limb align-
ment, intercondylar notch size, ACL size, and 
joint laxity. In addition to these, there exist a vari-
ety of extrinsic factors such as environmental 
conditions, equipment, and athlete strength and 
conditioning. 

16.1.1     Age 

 Injuries in young male soccer player are a major 
problem, and previous studies have observed that 
the injury rate is higher when compared to other 
team sports. There is a low frequency of ACL rup-
tures in elite young soccer players due to contact 
mechanism probably because the younger players 
develop less force during game situations. In non-
elite young player, there is higher incidence of 
noncontact injuries. Low age at injury seems to be 
a special concern among female players, and the 
risk seems to be highest during the late pubertal or 
fi rst postpubertal years [ 3 ].  

16.1.2     Match Play 

 In soccer, match play is associated with a consid-
erably higher ACL injury risk than training 
(10–27 times higher) [ 2 ]. The contact injury is 
the main mechanism of injury, and this occurs 
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signifi cantly more in matches than in training 
sessions. It has been supposed that congested 
periods of match play increases injury risk, but 
no association is observed between the time 
delay separating games and injury rate. Carling 
et al. [ 4 ] have shown that injury rate and layoff 
time in consecutive games separated by a short 
interval (≤3 days) are comparable to those after 
a longer interval (≥4 days). Interestingly, the 
injury rates and patterns varied substantially 
over the course of the playing season with over-
all injury incidence peaking in March that is the 
month with a busy match schedule. In addition, 
fatigue and lack of concentration may play a 
role. Match injuries resultant from player-to-
player contact occurred signifi cantly more in the 
second than in the fi rst half. Playing position 
seems to be not a discriminatory factor infl uenc-
ing the risk of sustaining a rupture of the ACL [ 5 , 
 6 ] even if Roos et al. [ 7 ] reported a greater risk of 
injury in forwards compared to midfi elders and 
defenders.  

16.1.3     Gender 

 Female football players have been shown to be 
more susceptible to an ACL injury in several 
cohort studies with an increased average risk 
among females of between two and eight times. 
Interestingly, this difference becomes signifi cant 
only after the pubertal age. Several factors justify 
this increased rate of ACL injury: differences of 
dynamic knee stability, muscular strength, and an 
increased anteroposterior translation across the 
menstrual cycle. Moreover, gender difference in 
muscle activation patterns is present during run-
ning, jumping, landing, and cutting. Possible rea-
sons for this signifi cant incidence include 
extrinsic factors, such as muscle strength and 
hormonal differences, and intrinsic factors, such 
as joint laxity. Joint laxity is a heritable trait; 
increased magnitudes of anterior knee laxity, 
genu recurvatum, and general joint laxity have 
been consistently associated with a greater risk of 
ACL injury. Bell et al. [ 8 ], in a study on 50 males 
and 74 females, reported a relationship between 
presence of several collagen gene variants and 

anterior cruciate ligament injury, but the 
 mechanism of these relationship is still unclear. 
Joint laxity may constitute an important interme-
diate phenotype for the genetic association with 
ACL injury that can be measured clinically. Other 
biomechanical studies suggest that the valgus 
knee is a factor of injury risk due to the torque 
applied to the knee joint. Kobayashi et al. [ 9 ] ana-
lyzed the data of more than 1,700 athletes (838 
males and 880 females) with an ACL injury in 
order to confi rm the relationship between the 
ACL injury occurrence and the dynamic align-
ment of the lower extremity. The number of the 
subjects with the alignment of “knee-in and toe-
out” was the largest (793/1,603), followed by 
“unclear” and “knee-out and toe-in” and “hyper-
extension” in this order.  

16.1.4     Level 

 In some studies, ACL injury risk has been 
reported to be higher at the elite level of play 
compared to lower levels [ 10 – 13 ]: a men’s team 
at the highest playing level can expect around 0.4 
ACL injuries per season.  

16.1.5     Ground 

 In recent years, the number of soccer fi eld with 
artifi cial turf has increased dramatically. 
Currently, there are over 256 million soccer play-
ers of both genders worldwide [ 14 ]. This increase 
is mainly due to that more fi elds are available 
throughout the year independent of the weather 
conditions. Beyond the seasonal advantages, 
there are fi nancial benefi ts, such as reduced 
maintenance costs and the development of 
mixed-use sports facilities in which different 
events (training or competition, young or senior, 
male or female) can take place. However, soccer 
players frequently voice their criticisms toward 
artifi cial turf for diffi culty with ball control and 
perceive higher physical effort when playing on 
artifi cial turf compared to natural grass [ 15 ]. 
Additionally, there is a general perception that 
the risk of injury is higher on artifi cial turf than 
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on natural grass, a feeling that has not been fully 
confi rmed in epidemiological investigations 
[ 16 , 17 ]. From the literature, the injuries in the 
lower extremity, resultant from both body contact 
and noncontact situations, affected mostly the 
dominant compared to the non-dominant side. 
When playing on artifi cial turf, fewer sliding 
tackles are expected [ 18 ], but the dominant lower 
limb is still at increased risk of injury, mainly 
because it is preferentially used for kicking, 
pushing off, jumping, and landing. Nonetheless, 
the proportion of traumatic and overuse injuries 
observed on artifi cial turf is similar to the values 
reported on natural grass [ 16 ,  19 ].   

16.2     Injury Mechanism 

 Several studies have attempted to identify factors 
predisposing to ACL injury, and the mechanism 
of injury during competition is the subject of 
intense and ongoing researches. There are two 
different injury mechanisms: contact and non-
contact. The fi rst mechanism is mainly the result 
of a direct blow applied to the proximal tibia with 
anteroposterior direction. Typical examples of 
this mechanism are front or side tackles in soccer. 
Most soccer-related ACL injuries seem to result 
from a noncontact injury mechanism with 
reported frequencies up to 84 %. In noncontact 
mechanism, the two most commonly described 
injury situations in soccer are turning of the trunk 
with the foot fi xed to the ground (pivoting) or 
landing awkwardly from a jump [ 20 ]. In earlier 
studies, the frequency of contact injuries in male 
soccer players was shown to be similar to that of 
injuries without contact between players [ 10 , 21 ]. 
It is diffi cult to suggest reasons for this decrease 
over recent years in the rate of contact injuries 
leading to an ACL rupture. Modifi cations in the 
rules of the game concerning serious foul play 
may have led to an increased level of protection 
and therefore to a reduced risk of injury. The risk 
of sustaining an ACL injury during other loco-
motor activities such as acceleration/cutting 
movements was common in groups at lower stan-
dards of play such as in under 15, veteran, and 
leisure-time players. This fi nding suggests that 

players with lesser physical and/or technical abil-
ity are more susceptible to ACL injury in certain 
match situations. 

 In a review of literature from 1950 through 
2007, Griffi n et al. [ 22 ] demonstrated noncontact 
ACL injuries are likely to happen during decel-
eration and acceleration motions with excessive 
quadriceps contraction and reduced hamstrings 
cocontraction at or near full knee extension. The 
ACL loading is higher when a valgus load is 
combined with internal rotation as compared 
with external rotation. However, because the 
combination of knee valgus and external rotation 
motions may lead to ACL impingement, these 
combined motions cannot be excluded from the 
noncontact ACL injury mechanisms. Further, 
decelerating activities increase ACL loading for 
excessive valgus knee loads applied during 
weight-bearing. Anterior cruciate ligament inju-
ries often happen when an individual attempts to 
decelerate the body from a jump or forward run-
ning while the knee is in a shallow fl exion angle. 
The ACL has been widely known to be loaded 
with anterior tibial shear forces [ 23 – 25 ]. 
Unopposed quadriceps muscle forces produce 
anterior shear forces, possibly damaging the 
ACL, especially near full extension [ 26 ,  27 ]. On 
the other hand, hamstrings cocontraction forces 
are protective to the ACL, increasing knee stabil-
ity while the quadriceps are contracting. An ACL 
injury often occurs when the body is positioned 
with the weight back on the heel, which may 
increase the quadriceps contraction force and 
reduce the effi cacy of the hamstrings [ 27 ]. 
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 [ 28 ]. At this point, it is not possible to 
defi nitively conclude which motions are more 
problematic for ACL injuries. Yet the results of 
studies to date demonstrate the importance of 
focusing not only on the combination of knee 
valgus and external rotation motion but also on 
knee internal rotation motion during dynamic 
motion [ 29 – 31 ].  
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16.3     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 move-
ment, often in noncontact type, while playing 
the sports and also describes the knee as “com-
ing apart.” Mild or marked effusion occurs 
within 6–12 h after trauma. However, some 
ACL tears happen with minor trauma, no inter-
nal sensation, and no or minimal effusion and 
mild pain. An athlete with a chronic ACL his-
tory often refers of pain from a meniscal tear or 
cartilage damage, with minimal instability in 
pivoting activities and mild effusion after train-
ing or competition. However, a top-level athlete 
refers very unusual a history of chronic instabil-
ity as in case of ACL injury he is promptly 
treated with surgical reconstruction. Chronic 
instability can occur more often after ACL if not 
a good stability was achieved with surgical 
operation. 

16.3.1     Lachman Test 

 Lachman test is considered the most reliable 
and reproducible method of investigation to 
confi rm an ACL tear, as it has in acute a sensi-
tivity of 78–99 % [ 32 ]. In acute injuries of top-
level athletes, with large muscular thigh or 
hamstrings spasm, the Lachman test is not sim-
ple to perform and often is unpredictable unless 
a fi rm end-point is felt to exclude an ACL tear. 
We prefer to perform also the prone Lachman 
test [ 33 ] 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, and 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.  

16.3.2     Pivot Shift 

 Pivot shift is a specifi c but very insensitive test for 
acute ACL injury in the non-anesthetized patient 
[ 34 ,  35 ] and also subject to interobserver error, and 
we use it in operating room under anesthesia to 
evaluate rotatory instability. In soccer player, we 
perform an additional anterolateral plasty in case 
of marked positivity. Valgus, varus, and posterior 
laxity are also examined in the routine manner. 

 For instrumental evaluation of anteroposterior 
translation, we routinely use an  arthrometer . In 
the past, we have used for many years the 
KT-1000 or KT-2000 (MED Metric Corp, San 
Diego, Ca, USA) arthrometer, but we are now 
using GNRB (GeNouRob, Laval, France) that 
some studies have demonstrated to have a supe-
rior intra- and interexaminer reproducibility over 
the KT-1000 and examiner independency [ 36 ]. 
With this later arthrometer, it is possible to dif-
ferentiate also a partial tear of ACL [ 37 ].  

16.3.3     Magnetic Resonance 
Imaging (MRI)  

 Magnetic resonance imaging (MRI) is an invalu-
able 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 
[ 38 ]. We are routinely using the oblique coronal 
and oblique sagittal images for their improved 
accuracy [ 39 ] in the evaluation of the ACL. Normal 
ACL is distinctly seen while when acutely injured 
appears as indistinct and/or lax structure. MRI is 
also useful in ruling out other internal derange-
ments detect [ 40 ]. Segond’s fracture, visible also 
in anteroposterior X-ray, reveals avulsion of the 
anterolateral ligament [ 41 ,  42 ] that in some case 
needs to be refi xed or reconstructed.   

16.4     Treatment Strategy 

16.4.1     Indications 

 In soccer activity that requires cutting, jumping, 
and pivoting stress, it is mandatory to carry out 

P.P. Mariani et al.



149

the reconstruction after an ACL tear. It is well 
documented in literature that early ligament 
reconstruction reduces the risk of subsequent 
meniscal injury, especially in athletic popula-
tion. Sports activity predisposes early damage of 
all static structures. Therefore, in ACL tear, sur-
gical treatment is our indication for all athletes 
who want to continue playing soccer. Despite the 
natural history of partial ACL tears is quite good 
over the medium term in the patients that limit 
their sports activities, functional instability 
seems to progress with time, especially in ath-
letic population [ 43 ]. Therefore, also in case of 
ACL partial tear, our indication is an ACL 
reconstruction.  

16.4.2     Timing 

 In the past, initial concern existed over early 
reconstruction of ACL injury because of the 
increased risk for arthrofi brosis, and the surgery 
was delayed until minimal swelling, good leg 
control, and full range of motion were achieved. 
Top-level athletes request early surgery in order 
to reduce the time of layoff from their activity. 
Moreover, in presence of associated injuries such 
as meniscal or collateral ligaments tears, immedi-
ate suture repair gives better results than delayed 
repair. For these reasons, we prefer a surgical 
reconstruction in all athletes, and we pay careful 
attention to postoperative pain control and to a 
more aggressive rehabilitative protocol with early 
continuous passive motion and active muscles 
exercises [ 44 ].  

16.4.3     Graft 

 The central third of patella tendon (bone-patellar 
tendon-bone) is our fi rst autograft choice in top- 
level athletes both in male and female. The main 
reason of this choice is the achievement of bio-
logical fi xation, bone to bone, that allows an 
accelerated protocol of rehabilitation when a 
prompt return to sports is required. In soccer 
players who are frequently subjected to ham-
string lesions, concerns have been raised that 

 harvesting the semitendinosus (ST) tendon may 
result in an increased risk for subsequent muscu-
lar injuries. For this reason, this graft is harvested 
only in the revisional surgery. We don’t use 
allografts in our primary ACL reconstruction for 
concern regarding time of return to play. 
Moreover, recently on the basis of their large ret-
rospective cohort, Krych et al. [ 45 ] recommend 
the use of autogenous grafts in active patients 
because the proportion of subjects able to return 
to their preinjury activity levels is higher among 
autografts compared with allografts.  

16.4.4     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. Our 
preferred method of ACL reconstruction is a 
single- bundle arthroscopic transtibial technique. 
Following an initial arthroscopic examination 
that confi rms ACL rupture, the meniscal lesions 
are searched and treated. When possible, a menis-
cal 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 patellar 
(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 tension. 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 
patellar fracture (Fig.  16.1 ). 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 notch-
plasty performed, 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 
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 posterior margin of the lateral femoral condyle) 
[ 46 ]. Sometime it is diffi cult to reach the anatom-
ical point with the femoral transtibial guide. In 
this case, after the fi rst pin was positioned with 
the guide, the second pin is positioned lower, in 
the right place, with the aid of a cannulated trans-
tibial corrector. Another possibility is to drill the 
femoral tunnel through the anteromedial portal. 
The graft, armed at the patellar plug with 
X-endobutton (Smith & Nephew) and at the tibial 
plug with two sutures, is passed through the tun-
nels and the button fl ipped over the lateral femo-
ral cortex. The knee is repeatedly extended and 
fl exed to allow stress relaxation of the graft. With    
the knee fl exed at 20°, the graft is tensioned at 
80 N and fi xed with an absorbable interference 
screw in the tibial tunnel. In case of gross antero-
lateral rotatory instability (jerk test +++), we are 
currently using a lateral additional procedure to 
improve knee stability. Our preferred techniques 
are the ITB extra-articular tenodesis described by 
Noyes [ 47 ] or by Christel and Djian [ 48 ].   

16.4.5     Rehabilitation After ACL 
Reconstruction 

 The importance of a rehabilitation program can-
not be underestimated, and although there is no 
one rehabilitation program proven to be superior 
to others, the speed and safety with which an ath-
lete returns to play are 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. Rehabilitation has undergone a relatively 
rapid and global evolution over the past years. 
Traditionally, rehabilitation is divided into three 
distinct phases based on experimental study per-
formed by Amiel et al. [ 49 ] on biological process 
of graft implanted into a joint, process called 
 ligamentization . For this reason, after surgery 
many rehabilitative protocols have relied on pro-
tection of the reconstructed ligament by limiting 
knee extension, weight-bearing, and the return to 
strenuous activities. On contrary, some amounts 
of strain and force applied to the ACL are neces-
sary to enhance the process of graft maturation. 
Question regarding the ideal amount of load that 
could be necessary is still without answer. 
Moreover, only few studies on the ligamentiza-
tion process of the grafts have been conducted in 
humans, and this prevents to draw conclusions on 
when the process ends in the human. Current 
rehabilitative programs following ACL recon-
struction are now more aggressive than those uti-
lized in the 1980s. Presently, in soccer players we 
employ an accelerated protocol that can be 
administrated only if the athlete may follow the 
protocol under the supervision of an expert thera-
pist. The progression through the various phases 
of rehabilitation and the period of time necessary 
prior to running and sports is based more on 
achievement of specifi c and tailored drills than 
on a time frame. 

 Our current program emphasizes full passive 
knee extension, immediate motion, immediate 
full weight-bearing, and functional exercises 
mainly during the fi rst postoperative period. As 
demonstrated by Zech et al. [ 50 ], it is during the 
fi rst postoperative month that voluntary  activation 

  Fig. 16.1    Oblique cut of patellar bone block in order to 
reduce risk of patellar fracture after ACL reconstruction       

 

P.P. Mariani et al.



151

and quadriceps weakness show signifi cant defi -
cit. For this reason, we believe that an aggressive 
rehabilitation is important mainly during the 1st 
month. 

16.4.5.1     Active and Passive Motion 
 After the surgery, the athlete starts to perform 
passive and active knee extension exercises. 
Immediate motion decreases pain and postopera-
tive joint effusions, aids in the prevention of 
adhesions, and decreases muscle disuse effects.  

16.4.5.2     Full Weight Bearing 
 It is permitted without crutches. If no other pro-
cedures have been performed, the weight-bearing 
is permitted and facilitates quicker return of 
quadriceps function and subsequent decrease in 
anterior knee pain and without deleterious effect 
on knee stability [ 51 ].  

16.4.5.3     Brace 
 Despite confl icts in the literature, we recommend 
to discharge as soon as possible the use of post-
operative brace in full extension. Immobilization 
has deleterious effects on muscle and synthesis of 
new collagen, and for this reason, the brace is 
allowed while ambulating and sleeping only dur-
ing the fi rst 2 weeks after surgery, and the athlete 
is encouraged to discharge the brace as soon as 
possible.  

16.4.5.4     Functional Exercises 
 Strengthening is performed during this phase 
using both  closed-chain exercises (CKC)  and 
selective use of  open-chain exercises (OKC) . It is 
generally thought that the biomechanical envi-
ronment of the healing graft can be optimized by 
prescribing CKC exercises and avoiding OKC 
exercises because in cadaveric studies isolated 
quadriceps exercises produce harmful forces on 
healing ACL graft [ 52 ,  53 ] and that the range of 
0° to 30° should be avoided during the rehabilita-
tion. CKC exercises have been justifi ed because 
they: (1) increase tibiofemoral compressive 
forces, (2) increase cocontraction of the ham-
strings, (3) mimic functional activities more 
closely than OKC exercises, and (4) reduce the 

incidence of patellofemoral complications [ 54 ]. 
On contrary, clinical evidence have shown that 
the addition of OKC quadriceps training after 
ACL reconstruction results in a signifi cantly bet-
ter improvement in quadriceps 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 [ 55 ]. In our proto-
col, we prescribe OKC and CKC exercises in the 
early phase of rehabilitation, 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 discomfort. Neuromuscular training, including 
proprioceptive and balance training, is added and 
progressed as tolerated. Once strength and neuro-
muscular control have been demonstrated, neuro-
muscular control drills are gradually advanced to 
include dynamic stabilization and controlled per-
turbation training. Functional activities such as 
running and cutting may begin 4–6 weeks after 
surgery. On the 2nd or the 3rd month after sur-
gery, the last phase of ACL rehabilitation that 
involves the restoration of function through 
sports-specifi c training is allowed. 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, we carry 
out tests throughout all rehabilitative course in 
order to provide objective criteria for advance-
ment from one phase to the following. Testing 
procedures also follow a progression, which 
begins with basic measures after the 1st month 
and progresses to functional tests of increasing 
diffi culty that include sports-specifi c testing 
before returning to fi eld play. Table  16.1  summa-
rizes the progression of evaluations performed 
throughout all different phases.

16.4.6         Return to Play 

 We do not release players until muscle and func-
tional objective measurements have been 
achieved regardless of the amount of time that 
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has passed since surgery. Standardized criteria 
for return to play after ACL injury are still miss-
ing, and no one single outcome criterion has been 
correlated with successful return to sports. Most 
clinicians use a combination of criteria, namely, 
functional, clinical, and subjective testing. In our 
practice, we use two different criteria: fi rst is gen-
eral criteria such as achievement of full range of 
motion, negative pivot-shift test, absence of 
swelling or pain, and stability as measured by an 
arthrometer. A 3 mm, side-to-side difference is 
associated with an unstable knee. Arthrometric 
results do not necessarily correlate with subjec-
tive or objective outcome criteria. However, 
increased knee laxity is a cause for concern, 
because it is associated with altered contact load-
ing of the articular surfaces and possible inferior 
structural properties of the graft. Decisions 
regarding return to play should not be made 
solely on arthrometric data. We routinely 

 recommend an MRI evaluation of the graft at 3 
months postoperatively. The specifi c functional 
criteria include three different types of evalua-
tions: muscular, neuromuscular, and athletic. The 
tests for the muscular strength include the MVIC 
(maximal voluntary isometric contraction) test 
that we consider satisfactory if it is 80 % or more 
of that of the contralateral side and the isokinetic 
evaluation. The general rule is that in an athlete’s 
hamstrings, mean LSI (limb symmetry index) 
values for isokinetic knee fl exion should be in the 
range of 80–90 % at 6 months and near normal 
values at 1 year. For isokinetic knee extension, 
the values should be in the 75 % range at 6 month, 
but they remain below 90 % at or after 1 year 
[ 56 ]. The most common functional tests are the 
one- leg single hop for distance, 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 endur-
ance. The results are compared with the unin-
jured leg. The results of hoping tests are an 
objective measurement of knee function, but 
have not correlation with RTP [ 57 ]. Review of 
the literature supports that a measurement of 
80–85 % of the uninjured leg is advisable before 
returning to sports. Objective assessment of static 
and dynamic balance may be performed using 
computerized instrumentation 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 test (SEBT) has been shown to 
be reliable and valid in determining postural defi -
cits and is used to evaluate dynamic balance 
(Fig.  16.2 ) [ 58 ,  59 ]. For the functional on-fi eld 
tests, we prescribe the MAT (modifi ed agility 
test) that may accurately identify the differences 
between the involved and not involved limb. The 
player should attain a 10 % of symmetry in the 
time taken to complete the test.       

   Table 16.1    Progression of evaluations performed during 
the different phases of postoperative rehabilitation   

 15 
days 

 30 
days 

 45 
days 

 60 
days 

 90 
days  6 m. 

 ROM   +    +  

 Single limb 
squat 

 +  +  + 

 Sit-to-stand 
test 

 +  +  + 

 Vertical jump  +  +  +  + 

 MVIC  +  +  +  +  + 

 Squat jump  +  +  +  + 

 Y balance  +  +  +  + 

 Riva test  +  +  +  + 

 GeNouRob  +  + 

 Single-leg 
hop 

 +  + 

 Triple hop  +  + 

 Isokinetic  +  + 

 Pro-shuttle 
test 

 +  + 

 MAT  +  + 
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17.1             Introduction 

 Football is acknowledged as the most popular 
sport worldwide with more than 270 million 
active players, of whom 10 % are females (data 
report from  The Big Count  survey, 2006   http://
www.fi fa.com    ). Anterior cruciate ligament 
(ACL) injury is a rather unusual football injury 
rarely constituting more than 5 % of all time loss 
injuries regardless of the playing level [ 1 ]. 

 But in the last two decades, the increased 
involvement of children and adolescents begin-
ning at an early age to play an organized sport 
raises concern regarding risk and severity of sport 
injury, mostly ligament injuries. 

 In the child-adolescent age group, an intrinsic 
risk factor for this type of pathology is the 
increased capsular ligament laxity that is consti-
tutional in children. In addition, the physical 
stress associated with frequent and intense train-
ing as well as participation in contact sports (soc-
cer, basketball, rugby) or other high-risk sports 
(alpine-ski, volleyball) is an extrinsic risk factor 
for ACL injuries.  

17.2     Risk Factors 

 ACL injury risk in young athletes is probably 
multifactorial. Injury data from many fi elds dem-
onstrate that numerous physical and psychologi-
cal parameters affect ACL injury rates. Although 
ACL injury rates increase with age in both gen-
ders, girls have higher rates immediately after 
their growth spurt. It is likely that 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 medi-
ates signifi cant increases in muscular power, 
strength, and coordination, which affords them 
with greater neuromuscular control of these 
larger body dimensions. Pubertal girls do not 
experience this same growth spurt in muscular 
power, strength, and coordination, which might 
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explain their higher rates of ACL injuries com-
pared with pubertal boys. Hormonal factors are 
also likely to play a role; however, results from 
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 midmenstrual cycle, injuries 
tend to cluster near the start of menses at the 
polar opposite time in the cycle [ 2 ]. Activation of 
the quadriceps before the hamstrings, a pattern 
more frequently 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 [ 3 ,  4 ], 
certainly 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 elongation of the ACL under high ten-
sion. 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 [ 5 ,  6 ]. Subtalar joint 
overpronation, fl at foot,  has been associated with 
noncontact ACL injuries, probably because over-
pronation increases anterior translation of the 
tibia with respect to the femur, thereby increasing 
the strain on the ACL [ 7 ]. Generalized joint lax-
ity and knee hyperextension were found to sig-
nifi 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 exion and an increased ability to 
touch palms to 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 anterior-posterior laxity 
of the knee, as measured by a knee arthrometer, 
had an approximately three times greater risk of 
ACL injury than those without such laxity. Joint 
laxity affects not only sagittal knee motion 
(hyperextension) but also coronal knee motion 

(valgus), which can strain the ACL and be related 
to increased risk in athletes [ 8 ].  

17.3     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 rota-
tion. 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 [ 9 ]. 
The examiner should assess gait and alignment, 
range of motion, and the affected joint and com-
pare it with the contralateral joint, taking into 
account that most children may have hyperlaxity 
which decreases with maturity. Radiographs 
should be examined for bony injuries. Magnetic 
resonance imaging (MRI) can be useful but may 
not lead to better results than accurate clinical 
examination. In a pediatric athlete with an acute 
traumatic knee effusion, the Lachman test, ante-
rior 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 spe-
cifi c, namely, 98 % (95 % CI), but has a poor sen-
sitivity of 24 % (95 % CI 21–27). Lastly, the knee 
arthrometer is an objective, accurate, and vali-
dated tool that measures, in millimeters, the 
amount of tibial translation relative to the femur 
while performing a Lachman test and, thus, aug-
ments the clinical examination when examining a 
patient with an ACL tear [ 10 ].  

17.4     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 tech-
nique. Conservative management is not recom-
mended, as it is accompanied by marked 
reduction in activity, decline in functional perfor-
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mance, and development of early osteoarthritis. 
Historically, delayed anatomic ACL reconstruc-
tions were preferred [ 11 ] recommending exten-
sive rehabilitation and return to activities with a 
brace to skeletal maturity and growth plate clo-
sure, to allow an anatomical adult-like recon-
struction. The present trend favors early 
reconstruction, using either extraphyseal tech-
niques in very young athletes or anatomical 
reconstruction techniques placing the tibial and 
femoral tunnels close to the center on the growth 
plate of the tibia and femur in young athletes 
closer to skeletal maturity [ 12 ]. An ACL tear in a 
child is not a surgical emergency. Multiple timely 
discussions with parents and child about the 
appropriate management options and understand-
ing of goals and expectations are very important. 
The general indications for surgery are the 
patient’s inability to participate in his or her cho-
sen 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 reconstructions 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-analysis of 55 studies suggested that the 
risk of leg length difference or angular leg devia-
tions was approximately 2 % after ACL recon-
struction in children and adolescents. The authors 
recommended randomized controlled trials to 
clarify this risk more accurately [ 13 ]. But ACL 
surgery is about 90 % successful in restoring 
knee stability and patient satisfaction. 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 [ 14 ]. No consen-
sus exists on the best method to treat an ACL tear 
in a pediatric athlete. Safe and effective surgical 
techniques continue to evolve. However, the cur-
rent literature suggests reasonable, evidenced- 
based management options that minimize the 

risks of iatrogenic growth plate injury [ 15 ,  16 ]. 
The two principal ACL surgery techniques per-
formed on a pediatric athlete are physeal spearing 
or transphyseal and all-inside. 

17.4.1     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 [ 17 ] and recently Kocher et al. [ 18 ] have 
described a technique that avoids placing the tun-
nels across both the femoral and the tibial physes. 
This technique utilizes the distally attached semi-
tendinosus and gracilis tendons or the iliotibial 
band graft by passing them under the anterior 
horn of the medial meniscus, through the inter-
condylar notch, passing over the top and attach-
ing with staples above the physes of the lateral 
distal femoral 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. [ 19 ] also described 
the use of the iliotibial band as a femoral and 
tibial physeal-sparing technique in 17 prepubes-
cent children. However, the validity of these tech-
niques was limited by the small size of the 
number of patients and a relatively short-term 
follow-up.  

17.4.2     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 tech-
niques as in adults. Aichroth et al. [ 20 ] reported 
results of a prospective study of 45 adolescent 
patients treated for ACL injuries, whose average 
chronological age was 12.5 years. They used the 
four-strand hamstring technique. The drill holes 
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originated from the anatomical footprint of the 
ACL and were oriented 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 [ 14 ]. This 
study documented that placement of transphyseal 
tunnels may not cause clinically signifi cant 
growth plate arrest when anatomy and choice of 
fi xation devices are carefully planned and consid-
ered. 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. 

 Different surgeons have recently described 
[ 21 ,  22 ] an “all-inside” technique for ACL recon-
struction using a second generation of retrodrill 
to create two small sockets in the tibia and femur, 
as perpendicular as possible to the physes, using 
only a quadruple semitendinosus with good 
results. 

 An accurate understanding of the athlete’s 
physical maturity by determining skeletal age 
and Tanner stage helps to identify which treat-
ment is best for a specifi c patient. The most com-
mon 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 Greulich and Pyle atlas. 
Tanner stage can be determined by self- 
assessment  ,  which has been shown to be valid 
and reliable. [ 23 ]. 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, functional brac-
ing, 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 surgery may need 
to be modifi ed for the individual patient and the 
particular surgical procedure. In general, a gradu-
ated rehabilitation program emphasizing full 
extension, immediate weight-bearing, active 
range of motion, and strengthening of the quadri-
ceps, hamstrings, hip, and core can be started in 
the fi rst few weeks after surgery. Progressive 
rehabilitation during the fi rst 3 months after sur-
gery includes range-of-motion exercises, patellar 

mobilization, proprioceptive exercises, endur-
ance training, and closed-chain strengthening 
exercises. Straight-line jogging, plyometric exer-
cises, and sport-specifi c exercises are added after 
4–6 months. Returning to play typically occurs 
7–9 months after surgery [ 24 ]. 

 In our experience, between the years 2002 to 
2011, 71 patients aged 12–15 have undergone 
arthroscopic ACLR with ST-G using arthroscopy 
and then retrospectively reviewed. 

 The inclusion criteria were:

•    Patients with Tanner scale of 3 and 4  
•   Patients with primary ACL lesion with or 

without associated meniscal injury  
•   Informed consent for the surgery signed by 

both parents of the patient    

 The exclusion criteria were:

•    Difference of 5° angle or more in the coronal 
plane (in varus or in valgus) between the two 
lower limbs  

•   The presence of knee chondropathy requiring 
surgical intervention  

•   Rheumatic pathology and/or systemic infl am-
mation at the time of surgical intervention  

•   Previous surgical interventions on the limb 
which is to be operated on    

 All patients were evaluated clinically using 
the visual analog scale (VAS), the Lysholm score, 
and the Tegner activity score [ 25 ] at the time of 
surgery (T0). In addition, an MRI of the knee was 
performed (to confi rm the ACL injury and to 
assess for possible preexisting injury of the 
menisci or any associated chondropathies) and 
weight-bearing radiography in order to evaluate 
both the stage and the age of the bone and possi-
ble axial varus-valgus deviations in comparison 
with the contralateral limb. 

 All patients were reevaluated after a follow-up 
period of at least 2 years (T1) with a weight- 
bearing hip-knee-ankle alignment radiograph. 
On the obtained radiograph, a straight line was 
drawn from the center of the femoral head to the 
center of the knee. The straight line was then pro-
jected beyond the knee downward. We used the 
angle formed by the portion of the line, which 
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was drawn from the center of femoral head to the 
center of the knee and further projected beyond 
the knee downward, to measure the tibial shaft 
axis (images were acquired by a digital system 
and measured with a software). 

 Patients were further evaluated using the 
visual analog scale (VAS), the Lysholm score, 
and the Tegner activity score in order to evaluate 
the operated limb at follow-up. 

 A difference of up to 2° in the knee axis in 
varus-valgus, measured by radiograph, between 
the operated limb and the healthy control limb, 
was considered acceptable [ 26 ]. 

 Both pre- and postoperative evaluations were 
performed by the same blind expert observer (not 
the surgeon). 

 All reconstructions have been done using 
hamstrings tendon, the size of the graft was at 
least 7 mm and maximum 8 mm of diameter 
(ST-G doubled), and when possible, a meniscal 
repair had been performed. 

 The postoperative program was the same for 
all patients; they have been discharged from the 
ward on the 2 day and were allowed partial 
weight-bearing with the use of two crutches for 
15 days with the goal of achieving a range 0–90° 
of motion by the end of the 2nd week and per-
form isometric contraction of the quadriceps; the 
use of a functional brace was not prescribed. 

 From the 15th day, weight-bearing as toler-
ated was allowed with the assistance of a crutch 
on the opposite side to the operated knee, achiev-
ing complete range of motion (ROM) by the 30th 
day of the surgical intervention. For patients in 
whom a meniscal suture was performed, touch-
down weight-bearing of the operated limb was 
advised for 21 days, followed by progressive 
weight-bearing for 7 days. 

 During the second month, patients had stopped 
using the crutch and started physiotherapy in 
pool, freestyle swimming, and stationary bike. 

 From the 60th day, patients started muscle 
strengthening using closed-kinetic chain exer-
cises with a ROM 0–60° as well as propriocep-
tion training exercises with mono- and bipedal 
weight-bearing. 

 At the end of the 4th month, straight line run-
ning was advised along with dynamic weight- 
bearing exercises to allow a gradual return to the 

sport-specifi c performance. Full return to sports 
activity has been advised after 6 months, and not 
before obtaining adequate recovery of muscle 
strength and proprioceptive control. 

 With regard to the main objective of this 
study, only three patients resulted in a valgus dif-
ference exceeding 2° in the knee axis, between 
the operated limb and the healthy control limb 
(4.2 %: 95 % CI 0.88 %–11.86 %). The average 
difference was less than 1° (0.3°, 95 % CI 
0.04–0.55).   

17.5     Discussion 

 The most important fi nding of the present study 
was a good safety profi le of the technique used. 
None of the three cases mentioned with the axial 
deviation greater than 2° exceeded 5° axial devia-
tion. This result was slightly greater than other 
results described in the literature [ 27 ], with axial 
deviation greater than 2° reported in only 4.2 % 
of the population studied. 

 The results of the secondary objective have 
also shown excellent clinical outcome. In fact, 
excellent results in terms of functional recovery 
were in more than 94 % of the study population. 
Besides a signifi cant pain reduction were similar 
to the date seen in literature [ 7 ]. 

 As noted, the main risk in ACL reconstruction 
in a young patient is the potential iatrogenic dam-
age to the growth plates, which can ensue during 
the tunnel drilling or as a result of compression or 
shear forces applied from the outside. An inter-
esting letter recently written to the editor by 
Chotel and Seil has shown that “adolescent are at 
a higher risk of epiphysiodesis, but often with 
low clinical consequences in terms of growth dis-
turbance, whereas young children are at a lower 
risk of epiphysiodesis but sometimes with dra-
matic clinical consequences” [ 28 ]. 

 Several authors showed that a lesion of less 
7–9 % of distal femoral physis does not cause 
growth damage [ 6 ], and considering that a drill hole 
of 8 mm of diameter damaged 3–4 % of physis in a 
young girl, we took into consideration an adequate 
safety margin, a tunnel diameter of 7–8 mm. 

 As regards the choice of graft, we have always 
preferred the use of hamstring grafts over those 
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with bone ends such as the bone-patellar 
 tendon- bone (BPTB) graft in order to avoid bone 
bridging within the growth cartilage [ 19 ]. 
Therefore, it is important to pay attention to the 
diameter of the tunnel, the choice of graft, the 
method of fi xation, and the patient age.  

    Conclusions 

 ACL injuries in children of 10–15 years of age 
are encountered more frequently in clinical 
practice, as a result of the increased participa-
tion of this age group in contact sports and the 
intensity with which these patients practice it 
[ 29 ]. These types of injuries are among the 
most devastating injuries a young athlete can 
sustain, given the frequent need for surgical 
repair and extensive rehabilitation, as well as 
the potential for long-term health problems 
such as osteoarthritis. 

 Although, to date, there is still no consen-
sus regarding the therapeutic approach that 
should be taken, the choice of early recon-
structive surgery over conservative treatment 
seems to be well established now, thus reduc-
ing the risks of secondary injuries due to 
untreated anterior knee instability [ 30 ]. 

 Several surgical techniques have been pro-
posed for the reconstruction of the anterior 
cruciate ligament in adolescents. However, 
there is still no agreement as to which is more 
favorable [ 9 – 14 ]. 

 Among the different techniques described 
in literature, ligament reconstruction that pre-
serves the growth cartilages (physeal-sparing) 
reduces the risk to the cartilages as they are 
not crossed with the drilling of the tunnels. Of 
the physeal- sparing techniques, the over-the-
top (OT) variant does not include drilling of 
bone tunnels. Rather, the ligament is passed 
over the top around the lateral femoral con-
dyle, passing under the anterior transverse 
meniscal ligament and then at the anterior 
tibial plateau [ 7 ]. This technique, however, 
does not guarantee anatomic ACL reconstruc-
tion. The all-epiphyseal (AE) variant, on the 
other hand, entails preparing a bone tunnel 
within the epiphysis but, unlike the transtibial 
technique, avoids crossing the growth carti-

lages. In the AE technique, in order to place 
the tibial tunnel proximally and the femoral 
one distally from the growth plate, they are 
inevitably prepared more horizontal and there-
fore more tangent to the cartilages. This 
increases the risk of extensive iatrogenic dam-
age to the growth cartilage when compared 
with the transphyseal technique that has been 
used and described in our retrospective study. 
The lack of a randomized control group which 
would allow comparison between the different 
techniques represents a limitation to our study. 
Any data about stability, patients ingrowth of 
stature, and Tanner stage at follow-up were 
not collected by the authors. We believe that 
those elements are potentially signifi cant lim-
its of our study. Therefore, to shed more light 
on the advantages and disadvantages of the 
different surgical techniques for ACL recon-
struction in children and adolescents, random-
ized control clinical studies are warranted and 
necessary. 

 A certain endemic level of ACL injury will 
always be associated with sports, yet an 
increased commitment should be made to 
reduce the incidence and severity of ACL inju-
ries sustained in younger athletes. Future inves-
tigators should focus on the modifi able 
sport-specifi c risk factors for ACL injuries in 
order to drive the development of effective, 
evidence-based, targeted ACL injury preven-
tion efforts. Until such programs are developed, 
the incidence of ACL injuries should be 
expected to continue to rise with the growing 
number of young people participating in sports.     
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      ACL Revision 

           Jonathan     G.     Robin     ,     Elvire     Servien     , 
and     Philippe     Neyret    

18.1             Introduction 
and Epidemiology 

 Football (soccer) is the most popular sport played 
worldwide, with a recorded participation of 
approximately 240,000,000 in 2005 [ 1 ] and more 
recently estimated to be close to 300,000,000. 
Approximately 30 % of severe injuries in football 
occur around the knee [ 1 ]. The most serious and 
frequent of these are to the anterior cruciate liga-
ment (ACL), the posterior cruciate ligament 
(PCL), and medial collateral ligament (MCL) 
[ 1 ]. In Sweden football is the most common 
cause of ACL injury in males and females [ 2 ]. 
ACL injuries in football players can have a dev-
astating effect on their career in the short and 
long term and carry a signifi cant socioeconomic 
importance. 

 The incidence of ACL injuries in football 
players is varied and is dependent on multiple 
factors. These include the level of professional-
ism, gender, age, and country of origin. ACL 
injuries occur most frequently in professional 
players compared with amateurs and the general 
population [ 3 ]. Male professional players have an 

annual incidence of up to 616 injuries per 100,000 
population compared to up to 1,599 per 100,000 
for professional female players [ 3 ,  4 ]. Male ama-
teur players have an incidence of 224 per 100,000 
compared to 610 per 100,000 in amateur female 
players. In both professional and amateur foot-
ball players, ACL injuries occur approximately 4 
years earlier in females compared to males, with 
average age in females being 19 years old [ 5 ]. In 
the general population, the incidence of ACL 
injuries is 28 per 100,000 in the USA, equating to 
approximately 90,000 ACL injuries per year [ 3 ]. 
In Denmark this fi gure is approximately 47 per 
100,000 equating to 2,500 ACL injuries. As these 
fi gures include the whole population, they are an 
underestimate compared to the highly active age 
group between 15 and 40 years of age [ 3 ,  6 ]. 

 With an increasing number of ACL injuries 
and ACL reconstructions, there is also an increas-
ing prevalence of failed surgery and subsequent 
revision ACL surgery. Current literature suggests 
that revision surgery for failure of primary ACL 
reconstruction occurs between 3 % and 25 % of 
cases [ 7 ,  8 ]. The literature is scarce regarding 
revision surgery in football players in particular; 
however, one study has shown that further ACL 
surgery was required in 12 % of players. This 
included 9 % of players who had an ACL recon-
struction on the contralateral knee and 3 % who 
had a revision ACL reconstruction on the ipsilat-
eral knee [ 9 ]. A smaller study of football players 
recorded a revision rate of 5 %; however, this was 
only one patient in their entire cohort [ 10 ]. 
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 Revision ACL reconstruction is a challenging 
surgery, and it is a commonly held belief that 
clinical outcomes are not as satisfactory com-
pared to primary ACL reconstruction [ 11 ]. The 
reason for this is multifactorial; however, it is 
imperative that the main reason for failure of the 
primary reconstruction is identifi ed prior to and 
addressed during the revision surgery. It is also 
important that patients due to undergo a revision 
procedure are aware of the general results of revi-
sion surgery, and their expectations of returning 
to playing football at the same level are coun-
seled appropriately.  

18.2     Etiology of ACL Graft Failure 
and Revision Surgery 

 Failure of ACL reconstruction occurs due to 
either graft failure or other general complications 
of the primary surgery [ 11 ]. General complica-
tions of ACL surgery include loss of range of 
motion, pain, arthritis progression, and extensor 
mechanism dysfunction. Combinations of these 
problems may occur simultaneously, making 
diagnosis and decision-making diffi cult. ACL 
graft failure often requires revision surgery, and 
this will remain the focus of the chapter. 

18.2.1     ACL Graft Failure 

 ACL graft failures can be considered to be either 
traumatic or atraumatic. 

 Traumatic graft failures relate to graft rupture 
in technically well-performed primary ACL 
reconstructions. They may occur in the early 
postoperative period prior to biological fi xation 
of the graft, especially if there is a premature 
return to sport prior to completion of full reha-
bilitation and return of neuromuscular control. 
Once there has been full rehabilitation, graft rup-
tures may occur from similar traumatic mecha-
nisms and force that caused the primary injury. 

 Recent literature suggests that this fi gure may 
be as high at 30 % in the general population and 
may account for the greatest reason for graft fail-
ure in elite athletes [ 11 ,  12 ]. These ruptures, like 

native ACL tears, tend to occur mostly through 
the mid-substance of the graft. 

 Atraumatic graft failures are caused by techni-
cal errors of the index ACL reconstruction, diag-
nostic errors (of associated laxities and 
malalignment), and failure of biological graft 
incorporation. 

 Errors of surgical technique during index ACL 
reconstruction are the most common reason for 
the failure of ACL grafts leading to revision in 
the general population. Technical errors in the 
general population account for between 77 % and 
95 % of reasons for revision ACL reconstruction 
[ 13 ]. The most common technical mistakes 
include malpositioning of osseous tunnels lead-
ing to poor graft orientation and mechanics, graft 
impingement, inadequate graft fi xation, and 
improper graft tension. There is little in the litera-
ture documenting causation of graft failure spe-
cifi cally in football players, with some believing 
it to be mostly atraumatic in nature [ 10 ] 

18.2.1.1     Technical Errors 

   Poor Tunnel Position 
 Nonanatomic femoral and tibial tunnel position 
is a very important cause of atraumatic ACL graft 
failure and accounts for 36–50 % of graft failures 
[ 11 ,  14 ,  15 ]. Inaccurate tunnel positions and graft 
orientations lead to changes in graft length dur-
ing range of motion, plastic deformation, and 
eventually graft loosening. Graft impingement 
may also occur and is discussed below. 

 Despite anterior femoral tunnel positioning 
being a well-known cause for graft failure, this 
continues to be the most common technical error, 
three times more common than tibial tunnel mal-
positioning [ 11 ]. One possible reason for an ante-
rior femoral tunnel placement may be diffi culty 
in visualizing the “over-the-top” position during 
an “all-inside” arthroscopic technique. 

 The biomechanical consequences of anterior 
femoral tunnel placement include increased graft 
tension during fl exion resulting in reduced knee 
fl exion, excessive tension on the graft fi xation 
site, and plastic stretching of the graft. Graft fail-
ure is related to the short intra-articular compo-
nent of the graft when the patient engages in 
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rehabilitation or return to sport [ 11 ]. In addition, 
there are high femorotibial contact pressures in 
knee fl exion, which may contribute to large 
osteochondral lesions and pain [ 16 ]. 

 Posterior malposition of the femoral tunnel 
causes excessive tension on the graft in full knee 
extension and associated mild laxity in fl exion. 
Femoral tunnel malposition close to the central 
axis of the femur leads to poor rotational control 
over the knee despite it having adequate control 
in the sagittal plane. 

 Inadequate placement of the tibial tunnel may 
also lead to graft failure. Anterior malpositioning 
of the tibial tunnel will cause impingement in the 
femoral notch and inability to fully extend the 
knee, leading to knee fl exion contracture. In 
order to prevent impingement when there is con-
stitutional recurvatum, a slightly more posterior 
position of the tibial tunnel may be chosen. A 
tibial tunnel that is positioned too posteriorly, 
however, may lead to laxity in fl exion, poor rota-
tional control due to the graft being too vertical 
and risks impingement on the PCL. A posteriorly 
placed tibial tunnel can never correct the problem 
of an anteriorly malpositioned femoral tunnel.  

   Graft Impingement 
 Impingement of the ACL graft in the femoral 
notch is most commonly found when there is 
malposition of the femoral tunnels. This may also 
occur when the femoral notch is narrow or the 
graft is excessively large for the notch [ 17 ]. The 
mechanism of failure relating to impingement 
relates to chronic abrasion of the graft on the 
medial aspect of the lateral femoral condyle or 
roof of the notch. Chronic synovitis occurs fi rst, 
followed by gradual graft attrition and fi nally 
failure [ 18 ,  19 ].  

   Failure of Fixation 
 Failure of fi xation occurs during the early postop-
erative period prior to biological graft incorpora-
tion when there is lower load to failure of the 
graft fi xation sites compared to the graft itself 
[ 20 ]. Graft fi xation must be strong enough to 
keep the graft fi xed while biological integration 
occurs. Fixation with interference screws is 
thought to be stronger than suture fi xation around 

a post or soft tissue washer and screw fi xation 
[ 21 ,  22 ]. There does not appear to be a difference 
between interference screws used as an “all- 
inside” technique compared to “outside-in” tech-
nique femoral fi xation [ 23 ]. Interference screw 
fi xation may have issues relating to incorrect 
bone plug sizing and inaccurate screw trajectory 
[ 21 – 24 ].  

   Inappropriate Graft Tensioning 
 It is controversial as to whether tensioning of the 
ACL graft prior to fi xation leads to better out-
comes. It is also unclear how tensioning relates 
to the different types of grafts [ 25 ]. In animal 
models, over-tensioning of the graft leads to fail-
ure after initially causing reduced motion, 
delayed revascularization, and myxoid degener-
ation [ 26 ]. Tensioning and fi xing the graft with 
the knee at approximately 30° fl exion appears to 
play more of a role in increasing graft force com-
pared to the actual tension applied to the graft 
itself [ 27 ,  28 ].   

18.2.1.2     Diagnostic Errors (Associated 
Laxities/Malalignment) 

 ACL injuries commonly occur in conjunction 
with acute injuries to other stabilizing structures 
around the knee. Injuries to these structures must 
be identifi ed and addressed during the treatment 
of the primary ACL injury in order to improve 
the longevity of the ACL reconstruction. The 
most commonly unrecognized injury is to the 
structures of the posterolateral corner of the knee 
[ 11 ]. This occurs in approximately 15–20 % of 
knees with chronic ACL defi ciency [ 29 ]. Injury 
to the posterior cruciate ligament (PCL), the pos-
terior capsule, the medial collateral ligament 
(MCL), and the acute tears of the menisci may all 
play a role in further destabilizing the knee and 
must be identifi ed [ 11 ,  30 ]. 

 Preexisting factors may also predispose to 
ACL graft failure. These include previous menis-
cectomy and varus mechanical lower limb align-
ment. It is now well known that the menisci 
provide a stabilizing effect in the knee and intact 
menisci aid to protect the ACL graft from further 
mechanical stresses. The cumulative incidence of 
meniscectomies during the course of treatment 
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for ACL defi ciency has been found to be as high 
as 70 % [ 11 ]. Repetitive stretching of the ACL 
graft may also occur with varus alignment associ-
ated with a lateral thrust. In this situation, a val-
gus high tibial osteotomy to correct this alignment 
should be performed [ 31 ,  32 ].  

18.2.1.3     Failure of Biological Graft 
Incorporation 

 Biological incorporation follows a predictable 
sequence of events [ 30 ]. Many factors may con-
tribute to poor or delayed biological integration. 
Graft over-tensioning, notch impingement, 
immobilization, and infection may lead to 
reduced vascularity of the graft and poor graft 
integration [ 33 ,  34 ]. Animal models have demon-
strated that BTB tunnel incorporation is faster 
compared to soft tissue grafts [ 35 ]. The clinical 
signifi cance of this is unclear.    

18.3     Clinical and Diagnostic 
Examination 

 It is essential that a thorough clinical history 
(including past surgical records), examination, 
and appropriate medical imaging are obtained in 
order to successfully treat the failed ACL 
reconstruction. 

18.3.1     Clinical History 
and Examination 

 A careful patient history and examination are 
essential. The aim is to diagnose if the ACL graft 
has failed and if so identify a possible reason (or 
reasons) that can be addressed surgically. 

 Details regarding the mechanism of the pri-
mary ACL injury are important as severe force 
may indicate that a concomitant ligament or 
meniscal injury had occurred. These untreated 
injuries may be a subsequent source of ACL graft 
failure. The patient’s current symptoms are cru-
cial, and there needs to be a distinction made 
between instability and pain. Other mechanical 
symptoms may indicate a large meniscal tear or 
possibly a cyclops lesion. 

 It is imperative to obtain the surgical records 
of the primary ACL reconstruction. This will not 
only detail the technical aspects of the procedure, 
but gain an insight to the status of the menisci and 
chondral surfaces. 

 A general knee examination must be per-
formed. Surgical scars are critical to identify as 
they may give a clue to the primary graft used and 
also allow for planning the revision approach. 
Assessing mechanical alignment is imperative as 
a varus alignment with a thrust may be an impor-
tant mechanism for ACL graft failure. A careful 
assessment of gait in ACL-defi cient knees may 
exhibit increased internal knee rotation during 
the initial swing phase [ 36 ,  37 ]. A more focused 
knee examination is required to diagnose ACL 
graft failure and identify other ligament injuries, 
which may have contributed to increased joint 
laxity. A close assessment of the posterolateral 
corner is crucial. The Lachman test and the pivot 
shift test must be performed to assess ACL graft 
status. The latter has been well correlated with 
patients’ symptoms of instability and been shown 
to be a reliable test [ 38 ,  39 ].  

18.3.2     Medical Imaging 

 Medical imaging plays the fi nal crucial factor in 
diagnosing ACL graft rupture and planning a 
revision procedure. Plain radiographs and CT 
and MRI scans are utilized. 

 Plain radiographs can demonstrate graft rup-
ture as well as the reason for failure. Poor tunnel 
position (in particular the femoral tunnel) is the 
most common reason for failure (Fig.  18.1 ). Plain 
x-rays also may identify hardware that has been 
used previously for fi xation and its position as 
well as tunnel osteolysis. Long-limb alignment 
fi lms will allow evaluation of mechanical 
alignment.  

 Stress radiographs are useful for diagnostic 
and planning purposes. Telos x-rays allow for an 
assessment of sagittal plane translation. Anterior 
tibial translation greater than 6 mm is indicative 
of gross laxity, which is important to consider 
during revision surgery. Likewise, stress radio-
graphs may confi rm collateral ligament injury in 
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the coronal plane, which may also need to be 
treated simultaneous to ACL revision reconstruc-
tion (Fig.  18.2 ). Finally, plain x-rays give an 
accurate assessment of joint arthrosis, which 
plays an important factor when considering 
reconstructive options.  

 CT is a very useful modality in assessing tunnel 
position and planning for revision surgery. It has 
been shown to be more accurate than plain radio-
graphs [ 40 ]. Two main factors can be assessed: (1) 
tunnel position and orientation and (2) tunnel size 
(tunnel widening). Three- dimensional reformat-
ting of CT scans can now produce an accurate rep-
resentation of tunnel position and orientation [ 41 ] 
(Fig.  18.3 ). This technology is very helpful in 
determining whether the previous tunnel positions 
are benefi cial or detrimental to revision ACL 
reconstruction. Tunnel size can be measured using 
all three planes possible with CT and allows for an 
assessment as to whether revision reconstruction 
may be performed as a single-stage or two-stage 
procedure and also as to which graft type may be 
suitable [ 41 ].  

 MRI scans are useful in determining the extent 
of soft tissue injury. Commonly, however, the 

  Fig. 18.1    Plain lateral radiograph demonstrating a mal-
positioned anterior femoral tunnel       

a b

  Fig. 18.2    ( a ) Plain 
 anteroposterior radiograph 
and ( b ) stress view 
 demonstrating lateral ligament 
insuffi ciency in the setting of 
chronic ACL defi ciency       

 

 

18 ACL Revision



170

diagnosis of ACL graft rupture is made prior to 
obtaining an MRI. Injury to other stabilizing 
structures such as the posterolateral corner liga-
ments and menisci is important to identify prior 
to and treat during revision ACL reconstruction.   

18.4     Treatment Strategy 

 Prior to planning a revision ACL reconstruction, 
the patient must be seen as a person as well as a 
professional athlete. The considerations of fur-
ther surgery vary for football players depending 
on which stage of their career they are in, their 

level of competition, the general state of their 
injured knee, what symptoms they are currently 
experiencing, and what stage of the football sea-
son it is. For a professional football player, there 
is a great deal of pressure to return to sport in the 
shortest possible time. These outside infl uences 
must be taken into account; however, the player’s 
overall well-being is paramount. It is also very 
important to differentiate between symptoms of 
instability and pain. Revision ACL reconstruc-
tion should be performed to address recurrent 
symptoms of instability. 

 For a young elite player, who otherwise has a 
knee that is in good condition, the decision to 

a b

c d

  Fig. 18.3    ( a – d ) Three-dimensional CT reconstruction demonstrating malpositioned anterior femoral tunnel placement       
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perform a revision ACL reconstruction may well 
be appropriate. However, in an older player who 
is nearing the end of their career, or when there is 
already severe damage to the rest of the knee, 
revision surgery such that they can continue to 
play (and possibly further injure their knee) may 
not be the best option. It has been shown that 
return to sports after revision ACL reconstruction 
is associated with a higher risk of osteoarthritis 
[ 12 ]. In this setting there needs to be an open and 
frank discussion with the player who may need to 
consider retirement from high-level competition. 
This may also be the case for amateur athletes 
who will often have another profession or source 
of income. 

 When revision ACL reconstruction is going to 
be performed, the goal is to return stability, range 
of motion, and function of the patient’s knee. In 
order to achieve this, contributing factors that lead 
to failure of the primary ACL reconstruction must 
be treated during the revision surgery. Each  revision 
procedure must therefore be tailored to each indi-
vidual patient. At all times, the patient’s expecta-
tions from the surgery must be taken into account, 
and they must be counseled appropriately. 

 Specifi c technical considerations during revi-
sion ACL reconstruction include graft choice, 
management of osseous tunnels and graft fi xation, 
choice of single- versus two-stage revision, cor-
rection of mechanical malalignment, and repair/
reconstruction of other soft tissue stabilizers. 

18.4.1     Graft Choice 

 There is no consensus as to the best graft to use in 
revision ACL reconstruction [ 42 ]. The choice of 
graft to be used during revision ACL reconstruc-
tion largely depends on the graft previously used, 
which graft is available, and surgeon preference. 

 Bone-patellar tendon-bone (BTB) autograft 
has been shown to have good results in revision 
ACL reconstruction [ 43 ]. If reinjury occurs less 
than 18 months from primary reconstruction, the 
contralateral BTB is used due to its robust bone 
plug in bone tunnel fi xation [ 43 ] and the frequent 
use of autograft hamstring tendon as a graft in 
primary ACL reconstruction [ 44 ]. Ipsilateral 

BTB re-harvest is also possible; however, regen-
eration typically takes at least 18 months to 2 
years [ 42 ]. Despite morphological analysis show-
ing that the regenerated tendon has similar prop-
erties to the original BTB graft, clinical results 
using regenerated BTB have been disappointing 
[ 45 ,  46 ]. 

 The use of hamstring tendons (semitendinosus 
and gracilis) for revision graft purposes can yield 
good results [ 47 ]; however, when there are large 
bone tunnels present, bone-bone fi xation such as 
with BTB graft may be preferable [ 48 ]. It has 
also been shown that hamstring tendons may 
regenerate; however, their use as a graft has been 
controversial. 

 Little has been written in the literature 
regarding autograft quadriceps tendon, espe-
cially in ACL revision. One study has shown 
that good results can be achieved using this graft 
in 97 % of cases at a mean of 26 months after 
surgery [ 49 ]. The ipsilateral quadriceps tendon-
bone block arrangement is particularly useful 
when BTB has been used primarily and a bone 
block is preferred when larger osseous tunnels 
are present [ 42 ]. 

 The debate continues over the use of allograft 
versus autograft. Allograft avoids graft harvest 
site morbidity; however, allograft has limited 
availability in some countries and carries a poten-
tial risk of communicable diseases [ 42 ]. Allograft 
results in similar knee function compared to 
autograft; however, the latter has been shown to 
have greater biomechanical properties, produce 
superior stability, and have a lower risk of failure 
leading to re-revision [ 7 ,  42 ,  50 ,  51 ]. Synthetic 
graft choice is also available; however, its use is 
currently controversial.  

18.4.2     Management of Bone Tunnels 
and Fixation 

 The bone tunnels on both the tibia and the femur 
may be well positioned, poorly positioned, or in 
an intermediate position. Femoral tunnels that 
have an intermediate position are the most diffi -
cult to deal with as they interfere with the posi-
tioning of new bone tunnels. In some of these 
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cases, it may be more appropriate to perform a 
two-stage reconstruction by using bone graft to 
fi ll in tunnel defects [ 41 ]. 

18.4.2.1     Tunnels that Are Well 
Positioned 

 If the bony tunnels are well positioned, they may 
be reused during the revision surgery. Depending 
on the type of fi xation used during the primary 
ACL reconstruction, it may be necessary to 
remove the fi xation from within the tunnels. This 
may be simple if an interference screw is easily 
visualized at the aperture of the femoral and tibial 
tunnels. If, however, the screws have been well 
advanced into the tunnels, or overgrown with 
bone, removal of fi xation may be very diffi cult. 
The surgeon must appreciate this preoperatively 
and be prepared with the correct screwdriver and 
materials for diffi cult hardware removal. 

 The tunnels should then be cleared of any 
graft material and then freshened up with a drill 
of increasing sizes over a guidewire in order to 
remove any sclerotic tunnel margins and to allow 
passage of the revision graft. This can be done on 
both femoral and tibial sides from an “all-inside” 
technique in the majority of cases. 

 An “outside-in” technique is very useful when 
metalware cannot be removed in well-positioned 
tunnels and in cases where the current tunnels 
may interfere with new tunnel placement. This 
technique uses a press-fi t block in the femur away 
from the intra-articular space and origin of the 
original tunnel (Fig.  18.4 ).  

 Fixation depends on the graft being used, the 
tunnel sizes, and the surgeon’s preference.  

18.4.2.2     Tunnels That Are Poorly 
Positioned 

 Poorly positioned bone tunnels may be the tech-
nically “easiest” to deal with, and revision sur-
gery for an anterior malpositioned femoral tunnel 
has been shown to provide statistically superior 
results than revision for any other cause [ 11 ]. 

 It may not be necessary to remove metalware 
where the tunnels are well away from the desired 
new anatomical tunnel placement on the tibia or 
femur. After removing any remaining graft, new 
tunnels may be drilled in the desired positions 

and fi xed according to graft size, type, and sur-
geon preference.  

18.4.2.3     Tunnels That Are 
in Intermediate Position 

 Tunnels that are in an intermediate position are 
the most diffi cult to deal with as they often inter-
fere with new tunnel placement. This may also be 
the case for other well-positioned tunnels that 
have expanded due to osteolysis and encroach on 
the potential position for an anatomical tunnel. In 
these situations, if an “all-inside” technique is 
used, careful attention must be paid to the direc-
tion of the new tunnel such that the femoral tunnel 
remains at a size that allows for adequate fi xation. 
If this cannot be achieved, a two-stage procedure 
with initial bone grafting is indicated [ 52 ]. 

 On the contrary, the “outside-in” technique is 
extremely useful in this situation, and using this 
technique, it is extremely rare to opt for a two- 
stage procedure. The main advantage of this tech-
nique is its proximal press-fi t fi xation on the 
femur, which avoids any large bone defects. It 
also allows for complete visualization of the 
intra-articular tunnel “entry” point in comparison 
with the old tunnel. 

 It may be possible to perform a single-stage 
revision in the presence of an interfering or 
enlarged tibial tunnel. This may be achieved by 
using an anterolateral starting point on the tibia, 
but an anatomical footprint intra-articularly. In 
this situation, the tunnel and graft position within 
the tibia is the inverse to the usual anteromedial 
tunnel, avoiding the pathological area [ 42 ].  

18.4.2.4     Two-Stage Revision ACL 
Reconstruction 

 If it is not possible to perform a single-stage revi-
sion reconstruction due to tunnel misplacement or 
size, a two-stage procedure with initial bone graft-
ing may be undertaken, followed by a delayed 
ACL reconstruction 3–6 months later [ 42 ]. The 
two most common reasons for requiring a two-
stage revision are where the tibial tunnel is too far 
posterior and where a double-bundle primary 
ACL reconstruction has been performed. 

 There is no consensus on what defi nes the 
upper limit of tunnel size that will permit a 
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single- stage revision. Reports in the literature 
suggest that tunnels 16–17 mm in diameter are 
too large for a single-stage revision [ 53 ]. 

 Multiple techniques have been described 
for the bone grafting process. All mandate 
that the old tunnels must be prepared meticu-
lously to ensure that all remaining materials 
inside the tunnels are removed down to the 
bleeding cancellous bone. The size of the tun-
nels should be measured to allow for accurate 

procurement of the graft. The choice of graft 
is dependent on surgeon preference. Methods 
described include the use of autograft iliac 
crest or proximal tibia using a measured tre-
phine as well as allograft femoral head bone 
dowels [ 54 – 56 ]. 

 If there is signifi cant knee stiffness preventing 
single-stage revision ACL reconstruction, this 
needs to be dealt with a priori, possibly necessi-
tating a two-stage procedure.   

a

c

b

  Fig. 18.4    ( a ,  b  and  c ) Schematic diagram of “outside-in” technique for ACL reconstruction       
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18.4.3     Other Important Surgical 
Considerations 

 Primary ACL injury is frequently associated with 
a concomitant soft tissue injury to the lateral 
compartment of the knee and surrounding extra- 
articular envelope. In particular, the anterolateral 
and posteromedial soft tissues are affected with 
there being a resurgence in focus on the antero-
lateral ligament (ALL). The ALL is thought to 
provide signifi cant rotational control to the knee 
in preventing internal tibial rotation and modest 
anterior translation. The combination of com-
plete ACL rupture and ALL defi ciency often 
leads to signifi cant rotational instability symp-
toms often demonstrated clinically with an 
“explosive” pivot shift test. Telos x-rays will 
often demonstrate greater than 9 mm of tibial 
translation of the lateral compartment of the 
knee. 

 In this setting, and especially in young patients 
or those who wish to continue to play at a highly 
competitive level, reconstructing the ACL alone 
will often be insuffi cient. They may struggle to 
reach the same level of activity or may suffer a 
repeat injury leading to graft failure. In this light, 
the ALL should be considered as important as the 
other knee stabilizers and reconstructed to further 
stabilize the knee as well as protect the ACL graft 
during primary ACL reconstruction. 

 Where a lateral tenodesis is not performed 
initially, it is advocated that this be performed 
during revision ACL reconstruction [ 57 ]. 
Typically, in this situation there is no mechani-
cal reason for the graft rupture, and the tunnel 
positions are good. There is some evidence that 
in revision ACL surgery a lateral tenodesis in 
association with the revision ACL graft improves 
stability compared to just using an intra-articu-
lar graft by itself [ 57 ]. This is irrespective of 
whether the revision ACL graft used is BTB or 
hamstring tendons. An extra-articular lateral 
tenodesis (or in fact and intra-articular augmen-
tation) may also be considered where there is 
residual rotational laxity after primary ACL 
reconstruction. This may be the case when there 
is a vertically positioned graft from the primary 
ACL reconstruction. 

 Many techniques have been described for the 
lateral tenodesis. One such technique is very 
useful in the revision setting as well as in pri-
mary ACL reconstruction. This technique uses 
an “outside- in” femoral tunnel with a press-fi t 
BTB graft and a linked two-strand gracilis auto-
graft (Fig.  18.5 ). This “outside-in” technique 
avoids fi xation problems in the femur with inter-
fering previous femoral tunnels, and linking the 
gracilis tendon avoids the need for individual 
fi xation of the gracilis in the femur. This tech-
nique has been studied and shown to have very 
good results [ 57 ].  

 It is also recommended to correct concomitant 
ligamentous injuries or proximal tibial deformi-
ties (tibia vara and excessive posterior tibial 
slope) as a combined single-stage procedure with 
revision ACL reconstruction. These procedures 
are thought to protect the graft from undergoing 
excess stress and improve long-term outcomes 
[ 42 ]. Other soft tissue stabilizers such as the 
menisci must also be repaired where possible.   

18.5     Results of Revision ACL 
Reconstruction 

18.5.1     Literature Results 

 Most of the literature regarding results of revi-
sion ACL reconstruction consists of small case- 
control studies comparing the technical aspects 
of revision surgery techniques. More recently, 
population-based studies have shed some more 

  Fig. 18.5    Schematic diagram of lateral tenodesis in asso-
ciation with BTB ACL reconstruction       
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light on the longer-term outcomes of revision 
ACL reconstruction, especially in comparison to 
primary ACL reconstruction. 

 Despite the fact that objective knee stability 
can be returned to the patient following revision 
ACL reconstruction, the clinical results are often 
inferior to that of primary ACL reconstruction [ 7 , 
 58 – 60 ]. In particular, following revision ACL 
surgery, clinical outcome scores have been shown 
to improve from their preoperative levels; how-
ever, at 12-month follow-up, these scores are 
worse when compared to primary ACL recon-
struction scores [ 61 ]. 

 Only four studies in the literature have had 
large enough patient cohorts to reliably report on 
reinjury rates and failure of revision ACL recon-
struction. None of these studies specifi cally 
address football players; however, it is noted that 
football players are included in some of the 
cohorts reported. 

 Two of these studies are population based and 
show quite different results. The Danish ACL 
registry reports an incidence of revision ACL 
reconstruction failure and re-revision in 5.4 % of 
cases at 5-year follow-up [ 7 ]. Even more 
recently, the Swedish ACL registry reports a fail-
ure rate of only 0.1 % leading to re-revision 
reconstruction. The authors concluded that this 
low value may be because the revisions did not 
re-tear to the same extent as the primary failures 
or that patients did not wish to undergo a second 
revision surgery [ 2 ]. 

 Two large cohort studies have also reported 
their results. After an average of 6 years, Lind 
et al. reported a 6 % failure rate leading to re- 
revisions in a cohort of 126 patients [ 60 ]. 
Shelbourne et al. prospectively studied 3 
cohorts of athletes of varying level of activity 
who had undergone a revision ACL reconstruc-
tion with BTB autograft. Failure of their revi-
sion ACL reconstruction grafts with a re-tear 
occurred in 2.3 % of a high school level cohort, 
5.1 % of a college group, and 3.4 % of a recre-
ational group. Of these, the majority of re-tears 
occurred in female basketball players and male 
American football players with only one re-tear 
in a football player belonging to the recre-
ational group [ 62 ].  

18.5.2     Rehabilitation and Return 
to Play 

 Rehabilitation following revision ACL recon-
struction generally follows either an accelerated 
or delayed program. The rehabilitation technique 
depends on whether other soft tissue structures 
have been repaired or if a corrective osteotomy 
has been performed and is tailored to the indi-
vidual patient. In the setting of single-stage revi-
sion procedures, a delayed program is often 
undertaken [ 63 ]. During the fi rst 6–8 weeks, the 
patient is expected to have reduced swelling and 
increased range of motion and quadriceps 
strength [ 63 ]. Strengthening exercises for the 
quadriceps and hamstrings consist of closed- 
chain and isometric exercises. Straight line run-
ning could be considered at 6 months following 
which plyometric exercises, cutting maneuvers, 
may be considered between 9 and 12 months. 
The clinical indicators that a patient is ready to 
return to sport are controversial. Most advocate 
that when there is no effusion and the patient can 
reliably perform a controlled single-leg forward 
hop, then they will be able to return to sport. A 
change in MRI signal back to normal may also be 
another indicator. 

 Return to high-level sport is possible in many 
athletes following revision ACL reconstruction. 
In adults, the literature suggests that this is pos-
sible for between 50 % and 60 % of patients, 
while this fi gure can be as high at 72 % in high 
school and university/college students [ 62 ]. 
Reinjury rates within the fi rst 5 years following 
revision surgery are varied, but are approximately 
between 2 % and 5 % of patients [ 7 ,  62 ]. This 
information is important when counseling 
patients prior to revision ACL surgery.   

    Conclusion 

 Football is one of the most popular sports 
worldwide and participation continues to 
grow. Knee injuries in football, in particular 
ACL injuries, are common. With an increase 
in ACL reconstructions being performed, graft 
failure and revision ACL reconstruction is 
becoming an increasingly performed proce-
dure. The most common reasons for graft 
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 failure in general are technical errors (espe-
cially poor tunnel position) in the primary 
ACL reconstruction and reinjury. These fac-
tors are not well documented in football 
players. 

 As there are many different technical fac-
tors and anatomical situations to consider in 
revision ACL reconstructions, the surgeons 
must be prepared to deal with these and adapt 
their surgical technique as necessary. The lit-
erature shows that, in general, the outcomes of 
revision ACL reconstructions are inferior to 
that of primary ACL surgery. There is, how-
ever, a lack of literature regarding the results 
of revision surgery in football players, and this 
is an area that needs more research in the 
future. There is also a lack of consensus 
regarding rehabilitation following revision 
ACL reconstruction. Ultimately this must be 
tailored according to the surgery performed 
and the patients’ postoperative progress.     
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      PCL Lesion 

           Philippe     Landreau       and     Jaleleddine     Belhaj Ahmed     

19.1             Introduction 

 Posterior cruciate ligament (PCL) injuries are 
less common in sport than anterior cruciate liga-
ment (ACL) ruptures. Therefore, clinical studies 
and the experience of most physicians are more 
limited than for ACL injuries. In the last decade 
new anatomical, biomechanical and clinical stud-
ies have provided some novel insight concerning 
this ligament and renewed interest on this topic. 

 Football-related PCL ruptures are frequently 
associated with other pathologies, most com-
monly involving the posterolateral corner. It is 
critical to accurately diagnose PCL ruptures and 
their associated injuries because this will affect 
treatment and prognosis. 

 Injuries of the PCL can be classifi ed according 
to the severity, timing (acute vs. chronic) and 
associated injuries (isolated vs. combined). The 
treatment options (conservative or surgical) are 
still a topic of debate.  

19.2     Anatomy 

 The PCL is a large ligament extending from the 
lateral surface of the medial femoral condyle to 
the posterior aspect of the tibia. Anatomically, it 
is closely related to other structures such as the 
joint capsule, the ACL, the menisci, the liga-
ments of Humphrey and Wrisberg, and the poste-
rior neurovascular structures [ 1 – 5 ]. It consists of 
longitudinal collagen fi bres narrower in their 
middle portion, extending largely at its femoral 
insertion and on a smaller surface area on the 
tibia. The PCL averages between 35 and 38 mm 
in length, and its width is 11 and 13 mm. 

 The ligament consists of two distinct but 
inseparable bundles with distinct footprints at 
both the femoral and tibial side. These are the 
anterolateral (AL) and the posteromedial (PM) 
bundles. The anterolateral bundle is twice as 
large as the posteromedial. It is the primary stabi-
liser of the knee when a posterior drawer test is 
applied. 

 The tibial insertion of the PCL is located 
1.5 cm below the posterior joint line, in a trape-
zoidal fovea localised between the two tibial pla-
teaus and slightly lateral (Fig.  19.1 ). The AL 
bundle is inserted on the superolateral portion 
and the PM bundle on the inferomedial portion of 
fossa. The more posterior and distal fi bres are 
close to the posterior capsule (1–2 mm only). In 
order to understand the potential risk of periop-
erative vascular complication, it is important to 
mention that the anterior wall of the popliteal 
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artery is located at a distance ranging from 7 to 
10 mm from the posterior edge of the PCL [ 6 ,  7 ].  

 The femoral insertion of the PCL on the 
medial femoral condyle has a semicircular 
appearance (Fig.  19.1 ). Its distal portion follows 
the cartilage of the medial condyle at a distance 
of 1–2 mm. This insertion is spread in the coronal 
plane from 4 to 12 o’clock for the right knee and 
from 8 to 12 o’clock for the left knee. The surface 
of the insertion for the AL and PM bundles is dis-
tinct. During arthroscopy, the AL bundle is the 
more easily located bundle. 

 The PCL is sandwiched by the two menisco-
femoral (MFL) ligaments. They are two distinct 
structures that connect the lateral meniscus to the 
medial intercondylar surface. The ligament of 
Humphrey passes in front of the PCL, and the liga-
ment of Wrisberg is behind it. Recent anatomical 
dissections identifi ed at least one MFL in 94–100 % 
of cases [ 1 ]. It can represent up to 25 % of the size 
of the PCL. They are secondary restraints of poste-
rior tibial translation. Their presence probably 
explains the potential of the PCL to heal, when 
compared with the ACL, by acting as a splint to 
keep a torn PCL in position while it heals. If the 
MFL ligaments are not injured, they should be pro-
tected during PCL reconstructive surgery.  

19.3     Biomechanics 

 The primary function of the PCL is to control 
posterior tibial displacement. Its secondary func-
tion is to assist with posterolateral stability and 
varus-valgus stress. 

 The tensile strength of the PCL ranges from 
739 to 1,627 N, depending on the knee angle. The 
AL bundle has a 43 mm 2  cross-sectional area and 
a mean strength of 1,620 N, in comparison with 
10 mm 2  and 258 N, respectively, for the PL bun-
dle. Therefore, the AL bundle is clearly the stron-
ger bundle of the PCL. A single bundle 
reconstruction must reconstruct this bundle. Note 
that the mean strength of the MFL averages 
300 N (close to that of the PL bundle). 

 The tension of the two PCL bundles varies 
depending on the degree of knee fl exion. In 
extension, the AL bundle is slack (appearing 
curved on the MRI), while the PL bundle is taut 
[ 3 ,  8 ]. With the knee in fl exion, the AL bundle is 
taut. This knowledge indicates to the surgeon that 
the AL bundle graft must be fi xed in a fl exed 
position during PCL reconstruction and to the 
physiotherapist that extension is a protective 
position. 

 The posterolateral structures (PLS), which 
consist of the lateral collateral ligament, pop-
liteofi bular ligament and popliteus tendon, have 
an important synergistic relationship with the 
PCL to control posterior translation and external 
rotation. Biomechanical studies have shown that 
only the combined section of both PCL and PLS 
results in important laxity compared with an iso-
lated section of structure alone. This means that 
severe posterior laxity on clinical examination 
should raise suspicions of a combined PLS lesion 
[ 9 ,  10 ].  

19.4     Epidemiology 
and Mechanisms 
of Sports- related PCL Injury 

 The reported incidence of PCL ruptures in the lit-
erature ranges between 1 % and 44 % of all acute 
knee ligament injuries [ 11 – 13 ]. The variability is 
probably due to differences in the patient 
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  Fig. 19.1    The tibial and femoral insertions of the PCL       
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 populations studied, as PCL injury rates are likely 
to vary when comparing trauma patients to an ath-
letic population. In the general population, 
Miyasaka and Daniel [ 13 ] reported the incidence 
to be 3 %. The incidence in trauma or sporting 
activity is much higher. Fanelli [ 11 ] reported the 
incidence to be 37 % of all cases with acute hae-
marthrosis. In a large series, Schulz et al. [ 12 ] 
reported that of 494 complete PCL injuries, 45% 
of the injuries were related to traffi c accidents and 
40 % to a sports injury. These types of injuries are 
also reported in other publications [ 11 ,  13 ]. In the 
same series, motorcycle accidents were responsi-
ble for 28 % of PCL ruptures, in comparison with 
14 % in car accidents. Football represented 25 % 
of the injuries usually as a result of falling on a 
fl exed knee with the foot in plantar fl exion, and it 
is notable that 18 % of all soccer-related PCL 
injuries involved the goalkeeper. Other sports 
such as rugby, American football and skiing are 
frequently associated with PCL injury (incidence 
range from 1 % to 4 %). Males are more fre-
quently involved than females, probably due to 
the type of injuries and sports performed. 

 When comparing acute and chronic ruptures, 
the literature reports that sports injuries repre-
sented 70 % of acute PCL injuries in contrast to 
chronic ruptures, where motor vehicle accidents 
caused 60 % of injuries. Patients injured in high- 
energy motor vehicle accidents suffer a higher 
incidence of additional life-threatening injuries, 
and therefore ligamentous knee injuries can be 
easily overlooked. A combined injury (PCL and 
PLS) is frequent, particularly in traffi c accidents, 
but can also occur in 50 % of athletic injuries [ 14 ]. 

 Two main mechanisms can cause a PCL rup-
ture [ 11 ,  12 ]. The most common is the ‘dashboard 
injury’ (40 %). Since the PCL is the primary 
restraint to posterior translation of the tibia rela-
tive to the femur, it is the fi rst ligament to be 
injured in these dashboard injuries. In this set-
ting, the knee is in a fl exed position, and a poste-
riorly directed force is applied to the proximal 
tibia as the joint strikes the dashboard. With the 
knee in external rotation, the traumatic forces are 
directed toward the posterolateral and lateral 
structures of the joint. In football or rugby, falls 
on the fl exed knee with the foot in plantar fl exion 

are a common mechanism of injury. In this set-
ting, the site of the impact is the tibial tubercle, 
and the proximal tibia is driven posteriorly rela-
tive to the femur. If the foot is in dorsifl exion, the 
force is transmitted more through the patella and 
distal femur, protecting the PCL from injury. 
Hyperextension is typically reported to be a cause 
of PCL rupture and may result in disruption of 
the posterior capsule (12 % in Schulz series), but 
a forced valgus or varus movement can result in a 
PCL rupture as well.  

19.5     Clinical Examination 

 PCL ruptures as well as combined PCL and pos-
terolateral structure lesions are frequently misdi-
agnosed. In many cases, the PCL rupture is 
missed despite typical injury mechanisms and 
symptoms. It is crucial to distinguish between 
PCL lesions that are isolated and those combined 
with other ligament injuries. A systematic clini-
cal knee examination following trauma should 
always include PCL tests. It is essential to detect 
posterolateral laxity as the prognosis, and treat-
ment will differ vastly if this is present [ 15 ,  16 ]. 

 Begin the knee evaluation by obtaining a 
detailed history of the injury and attempting to 
delineate the mechanism. In contrast to ACL rup-
tures, the patient rarely reports hearing or feeling 
a ‘pop’ and does not relate a sense of instability if 
the PCL rupture is isolated. Patients with com-
bined injuries, e.g. PCL and PLS, complain of 
pain, swelling and instability. The physical exam-
ination begins by exposing both lower extremi-
ties and observing the patient’s gait pattern if he/
she is able to walk. A varus thrust in combination 
with a hyperextended knee gait may indicate a 
chronic combined PCL and posterolateral corner 
injury. 

19.5.1     Posterior Sag Test 

 In the posterior sag test, the knees are fl exed to 
90° and the feet placed on the table. A PCL injury 
can be suspected when observing and palpating 
the anterior joint line. Normally, the anterior 

19 PCL Lesion



182

 border of the medial tibial plateau sits about 1 cm 
anterior to the medial femoral condyle. The nor-
mal step is easily palpable and compared with the 
contralateral side. In a PCL-defi cient knee, grav-
ity causes the tibia to rest in a posteriorly sub-
luxed position compared with the intact knee. 
This test can be performed with the hip and the 
knee fl exed to 90°, the examiner supporting the 
weight of the limb by the foot (Godfrey’s test).  

19.5.2     Posterior Drawer Test 

 The posterior drawer test is the most accurate 
clinical test for the assessment of PCL rupture. It 
is performed with the knee at 90° with the patient 
in supine position. The normal starting position is 
with the anterior border of the lateral tibial pla-
teau 1 cm anterior to the lateral femoral condyle. 
Without a proper starting position, the examiner 
may elicit a false-negative posterior drawer and a 
false-positive anterior drawer test leading to an 
incorrect diagnosis. Isolated PCL injuries are 
usually classifi ed by the degree of posterior sub-
luxation of the tibial plateau relative to the femo-
ral condyle. With a grade I injury, the tibial 

plateau remains anterior to the condyle, main-
taining an anterior step-off. A grade II injury is 
likely when the anterior border of the tibia sits 
fl ush with the femoral condyle (5–10 mm transla-
tion). Grades I and II are usually partial tears. 
When the anterior border of the tibial plateau 
rests posterior to the femoral condyle (more than 
10 mm of translation), a complete tear (grade III) 
is present, and associated posterolateral structure 
damage should also be suspected (Fig.  19.2 ).   

19.5.3     The Quadriceps Active Test 

 In this test, the knee is placed at 60° of fl exion and 
the examiner holds pressure on the foot. The patient 
is asked to contract the quadriceps isometrically. In 
the case of a complete rupture of the PCL, the 
quadriceps contraction achieves a dynamic reduc-
tion of the posterior displacement of the tibia.  

19.5.4     Other Tests 

 As the treatment and the prognosis of combined 
laxities may differ from an isolated PCL injury, a 

Normal I

II III

  Fig. 19.2    Classifi cation of PCL 
injuries, according to the 
posterior subluxation of the 
tibial plateau relative to the 
femoral condyle       

 

P. Landreau and J.B. Ahmed



183

complete ligament assessment of the joint must 
be performed, including particularly the tests for 
posterolateral, anterior and collateral laxities.   

19.6     Imaging 

 The standard knee series must include bilateral 
standing anteroposterior and lateral views in fl ex-
ion weight bearing (‘Schuss views’). Look for 
subtle posterior tibial subluxation and avulsion 
fractures. Bony tibial avulsions, when recognised 
acutely, may be repaired primarily. In addition, 
long-leg cassette views allow an assessment of the 
lower limb alignment, particularly in chronic cases. 

 Stress radiographs (Telos), when available, 
can help the diagnosis and contribute to classify-
ing the grade of the lesion. 

 MRI is the imaging study of choice for PCL 
ruptures [ 17 ]. Not only will it detect acute rup-
tures, it will determine the precise location of the 
lesion and assess the menisci and other support-
ing ligaments of the knee and articular surfaces.  

19.7     Natural History of PCL 
Rupture and Conservative 
Treatment 

 The treatment of the PCL-injured knee is a con-
troversial issue. Treatment should be based on the 
natural history of the PCL-defi cient knee because 
this provides the baseline against which any inter-
ventions can be compared. Unfortunately, there 
are very few true natural history studies on the 
PCL-injured knee; most published studies are ret-
rospective and include a mixture of patients and 
injuries. The retrospective studies generally report 
both acute and chronic injuries with various fol-
low-up times, variable assessment criteria, small 
patient groups and even different PCL injury. 

 In a series of 45 patients, Dejour [ 18 ] described 
in 1988 the natural history of the isolated PCL 
injury as occurring in three phases:

    1.    Functional adaptation lasting 3–18 months, 
with return to sport   

   2.    Functional tolerance continuing for 15–20 
years   

   3.    Osteoarthritic deterioration (medial tibio-
femoral, femoropatellar or generalised) that 
does not become disabling until 25 years have 
passed    

  In a prospective study of the outcome of con-
servative treatment, Shelbourne [ 19 ] reported the 
outcomes of 271 athletes with acute, isolated, 
nonoperatively treated PCL injuries. 76 % were 
able to return to sport or activity at a similar level. 
Several series have described the intrinsic heal-
ing potential of the PCL, return to competitive 
sport, lack of symptomatic instability and good 
outcomes at midterm follow-up. 

 Conservative treatment, based on a physio-
therapy protocol, gives good results if the PCL 
rupture occurs as an isolated injury, with return to 
sport which can, in some cases, be in less than 2 
months. The current consensus is that grade 1 and 
grade 2 should be treated conservatively. 

 This PCL rehabilitation protocol is divided 
into an early (maximum protection), intermediate 
(moderate protection) and advanced (minimum 
protection) phase. Progression from one phase to 
the next is criteria based, not timeline based. The 
timelines provided are only approximate, and 
more importance should be placed on the criteria 
for progression when taking decisions. The pro-
tocol will require adaptation to each patient indi-
vidually, depending on the specifi c treatment 
goals, the grade of the PCL injury and the level of 
sports activity. 

 The protocol may require adaptation for indi-
viduals with other associated injuries, and in 
these cases recommendations of the treating phy-
sician should be followed and accounted for 
when applying the protocol (Table  19.1 ).

19.8        Surgical Treatment 

 A combined acute lesion of the posterolateral struc-
ture must be diagnosed as the repair must be done 
within the fi rst 3 weeks after the injury [ 20 ,  21 ]. The 
surgical management of displaced avulsion frac-
tures will usually result in a favourable outcome. 
Suture or screw fi xations are an appropriate method 
with a posterior surgical approach for cases where 
there is a large bony fragment. Some surgeons argue 

19 PCL Lesion



184

    Table 19.1    Aspetar PCL conservative rehabilitation protocol   

 General guidelines: 

   Because the PCL has some potential of healing [ 19 ,  32 ], the early phase of rehabilitation is crucial in acute PCL 
injuries for the fi nal outcomes by providing a maximum protection to the ligament and avoiding any stressful 
activity 

   A statistical correlation exists between lower isokinetic quadriceps scores and lower function. Quadriceps 
isokinetic values in patients who fully returned to sport were greater than 100 % of the isokinetic values from 
the uninvolved side [ 19 ,  33 ,  34 ]. The quadriceps is the main agonist to the PCL by pulling the proximal tibia 
anteriorly between 0° and 60° of knee fl exion, while the gastrocnemius is a secondary agonist muscle. 
Hamstrings act at antagonists to the PCL by pulling the proximal tibia posteriorly, and this action increases as 
the knee fl exion angle increases. Open kinetic chain (OKC) hamstring strengthening should be postponed until 
the advanced phase of rehabilitation. All closed kinetic chain (CKC) exercises result in a posterior glide of the 
tibia that increases as the angle of knee fl exion increases [ 35 ,  36 ] 

   Proprioception and neuromuscular control of the knee are compromised after PCL injury [ 37 – 39 ]. Therefore, a 
regular strengthening and neuromuscular training programme should be continued after return to sport to 
maintain the knee performance 

 Early phase (0–4 weeks) 

  Goals   Protection of the healing PCL 

 Decrease pain and swelling 

 Maintain a minimum ROM 

 Good quadriceps control and strengthening initiation 

 Prepare for normal gait 

  General recommendations   Weight bearing as tolerated (WBAT) with crutches 

 Brace: worn at all times including sleeping and rehabilitation (dynamic PCL brace 
ideally). If not available, use a hinged brace with a posterior tibial foam locked at 
0° for 2 weeks, and add 20° every week: 4 weeks for grade 1, 6 weeks for grade 2 
and 8 weeks for grade 3 [ 40 – 42 ] 

 Avoid knee hyperextension 

 RICE (avoid posterior sag with elevation: place a pillow below the proximal tibia) 

 Start at phase 2 for patients with chronic PCL defi ciency 

  Range of motion (ROM)   Gentle passive ROM exercises (0–60°) starting in prone to avoid the posterior sag 

  Strengthening    Quadriceps  

   Quadriceps sets (may be done with ice application in the presence of a 
quadriceps inhibition) with a pillow below the proximal tibia 

   Electrical muscle stimulation 

   Straight leg raise (SLR): ensure good quadriceps control to avoid posterior sag 

   Quadriceps bench/isometric quadriceps: 20°–40°–60° 

   Terminal knee extension (progressively add weight or theraband resistance) 

  Hip/gluteals  

   SLR fl exion/abduction/adduction 

   Progress with a theraband resistance over the knee/progress from a plinth to 
standing position 

   Multi-hip machine: fl exion/abduction/adduction 

  Gastrocnemius  

   Calf press with extended knee 

   Theraband-resisted ankle PF with the knee extended 

   Bilateral heel raises as tolerated and progress to unilateral 

  Proprioception   Static single leg stance when tolerated 

 Forward, backward and lateral steps as tolerated 

 STAR excursion exercise 

 Strengthening uninvolved leg 

 Cardiovascular training 

 Hydrotherapy: deep water walking 
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Table 19.1 (continued)

  Progression criteria to move 
to next phase  

 Minimal or no swelling 

 Normal gait without aid or brace 

 Completed early exercise programme 

 No quadriceps lag 

 Less than 30 % defi cit of uninvolved leg in isometric quadriceps strength 

 Pain-free single leg squat to 60° 

 Intermediate phase (week 4–8) 

  Goals   Normal gait 

 Full pain-free ROM 

 Less than 20 % defi cit in isokinetic quadriceps test at 60°/s 

 Improve balance and neuromuscular control 

  ROM   Passive ROM exercises as tolerated, start in prone 

 Passive ROM in supine as physiotherapist pulls the tibia anteriorly (mobilisation 
with movement/MWM) 

 Bike when more than 115 knee fl exion/remove the clips to minimise the hamstrings 
activity 

 Rowing machine/remove the foot clips and use mainly the upper arms 

 Elliptical bike 

 Stair master/retro climbing induces more quadriceps activity 

  Strengthening and 
endurance  

 Quadriceps/gastrocnemius/hip muscles 

 Concentric and eccentric leg press (0–60°) 

 Isotonic quadriceps (0–60°) 

 Isokinetic quadriceps eccentric/concentric (0–60°) start with low speed and 
progress 

 Bilateral mini squats: start at 45° and progress by adding depth and weights 

 We may use the MWM/anterior glide with CKC exercises 

 Wall slides/stable to unstable surface 

 CKC (closed kinetic chain) terminal knee extension against theraband resistance 
(placed on the posterior aspect of the proximal tibia) 

 Dead lifts 

 Mini lunges: static, progress to dynamic and add weights 

 Step ups: forward, backward and lateral. Progress by increasing step height and 
adding weight 

 Total gym: bilateral/unilateral/mini-jump 

 Multi-hip machine: fl exion/abduction/adduction 

 Multi-hip with theraband 

  Core stability   Prone plank 

 Lateral plank 

 Prone ball bridge 

  Calves   Calf press with extended knee 

 Heel raises: bilateral/unilateral/add weights progressively 

  Maintenance strengthening 
of the uninvolved leg  

 CKC/OKC hip and knee muscle strengthening 

 Isotonic/isokinetic strengthening 

  Proprioception   Double leg to single leg stance on foam/BOSU/trampoline 

 Internal/external perturbations on varying surfaces (e.g. addition of squat/lunge/
upper body exercise/catching/kicking) 

 STAR excursion 

 Biodex balance machine 

 Ladder drills 

(continued)
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Table 19.1 (continued)

  Cardiovascular   Continue as for early phase: increase intensity and time 

  Progression criteria to move 
to next phase  

 No swelling or pain 

 No increase in laxity 

 Full pain-free ROM 

 Less than 20% defi cit in isokinetic test 

 Completed intermediate exercise programme 

 No feeling of instability 

 Advanced phase (8–12 weeks) 

  Goals   Less than 10% defi cit in isokinetic test for both hamstrings and quadriceps 

 Achievement of the running and sports-specifi c progression without problems 

 Good stability and self-confi dence with the exercises 

 Continue the moderate phase programme 

 Focus on power and endurance 

  Strengthening   Add hip extension resistance placed over the knee 

 Single leg CKC 

 Add hamstrings OKC strengthening if the defi cit persists on isokinetic testing: heel 
digs, supine bridge, theraband, weights 

 Single dead lifts with weights 

 We may associate hamstrings retraining with an anterior tibial glide (MWM) 

  Proprioception   Balance squat 

 Internal/external perturbations 

 Star excursion exercises/add perturbation (e.g. ball tasks tubing resistance on waist) 

 Biodex balance (increase complexity) 

  Running progression   Straight line running 

 Progress in speed, acceleration, deceleration 

 Changing direction, cutting, fi gure-8 running 

  Jumping progression   Bilateral to unilateral hops: anterior-posterior and lateral hop, triple hop, cross-over 
hop 

 Step up/step down 

 Bilateral jumps and progress to unilateral 

  Functional/sports-specifi c 
training  

 Single planar agility to multi-planar agility exercises 

 Direction changes: low intensity, slow speed, anterior, posterior, lateral, progress 
speed and complexity in movements 

 Acceleration/deceleration: gradual increase in intensity and progress to abrupt 
acceleration/deceleration 

 Vertimax exercises: basic sports-specifi c progress to sports- specifi c rehabilitation 
on fi eld 

 Noncontact game situation 

 Progress to contact situations 

  Cardiovascular   Continue intermediate phase training with increasing intensity/duration 

  Discharge criteria to return 
to play  

 Biodex <10 % difference compared to the uninvolved side (ideally no defi cit for 
quadriceps) 

 Hop testing <10 % difference compared to the uninvolved side with a good landing 
alignment 

 Completed the sports-specifi c programme 

 Good stability 

 Self-reported confi dence and no fear of reinjury 
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for the repair of some ligament avulsions without 
any bone avulsions, but in the majority of cases, a 
PCL reconstruction is carried out. 

 The general principles of the ligament recon-
struction are based on the anatomical placement 
of the tunnels, use of a strong and large graft, 
graft tunnels avoiding sharp angulations, knowl-
edge of the proximity of the popliteal vessels, 
tension and fi xation of the anterolateral bundle 
between 70° and 90° of fl exion, solid fi xation of 
the transplant, as well as a suitable rehabilitation 
programme. 

 During PCL reconstruction, an autograft (patel-
lar tendon, quadriceps tendon or hamstrings) can 
be used. However, an allograft, if available, is a 
suitable alternative. The Achilles tendon is often 
the allograft of choice [ 22 ,  23 ]. Several methods 
exist for reconstruction of the PCL. 

19.8.1     The Single Bundle Transtibial 
Technique 

 The transtibial technique was the fi rst developed 
technique. Initially using an open procedure, now 
performed arthroscopically [ 4 ,  22 ,  24 ,  25 ], it 
remains a technique of reference. Using an 
arthroscopic posteromedial approach and a specifi c 
tibial guide, a tibial tunnel is performed. The femo-
ral tunnel is then made using an out-in or an in-out 
technique. The optimal tunnel positioning should 
take into consideration that the aim of the surgery is 
to recreate the anteromedial bundle of the native 
PCL. One of the key concerns with the transtibial 
technique is the so-called killer turn. This describes 
the sharp angulation of the graft at the posterior end 
of the tibial tunnel which can generate progressive 
damage and failure of the graft. The inlay tech-
nique was proposed in response to this concern.  

19.8.2     The Inlay Technique [ 26 ] 

 Once the arthroscopic procedure has been 
achieved, including drilling of the femoral tun-
nel, the patient is repositioned for an open 
 posterior approach. After protection of the neuro-
vascular structures, the posterior tibial plateau is 

exposed and prepared for placement of the bone 
block. The graft is inlayed fl ush and fi xed with 
screws. Then, the proximal part of the graft is 
passed through the femoral tunnel for a standard 
fi xation. So far this modifi ed technique does not 
show any superior clinical results when com-
pared with the transtibial technique [ 24 ,  27 ].  

19.8.3     The Double Bundle 
Reconstruction 

 In order to better reconstruct the anatomy of the 
native PCL, the double bundle reconstruction was 
developed [ 28 ]. The majority of the supporters of 
this surgical procedure perform two femoral tun-
nels. The tibial technique can be either single or 
double. Therefore, this technique can be carried 
out combining an inlay technique. Despite some 
cadaveric and biomechanical studies, no clinical 
difference has been found between single and dou-
ble bundle reconstructions as of today [ 11 ,  21 ,  29 ].  

19.8.4     Complications 

 Residual laxity is a common complication after 
PCL reconstruction, whatever the technique [ 30 ]. 
The most serious risk of surgery is a neurovascu-
lar complication, given the close proximity of the 
popliteal artery to the PCL [ 6 ]. Other postopera-
tive complications include fractures, medial fem-
oral condyle necrosis and arthrofi brosis [ 7 ].  

19.8.5     Rehabilitation 

 Physiotherapy is crucial after PCL reconstruction. In 
contrast to ACL reconstruction, gravity tends to 
stretch the PCL graft. Therefore, some specifi c 
 techniques of physiotherapy (immobilisation in 
extension, exercise in prone position) and a slower 
pace [ 31 ], compared to the accelerated rehabilitation 
of ACL injury, have been supported to allow com-
plete healing of the PCL graft. Return to sport is 
rarely achieved before 8 months. The guidelines are 
comparable to those exposed for the conservative 
treatment in Table  19.1 , with a different timeline.  
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19.8.6     Clinical Outcomes After 
Surgical Reconstruction [ 20 ,  30  ]  

 The early results of surgical treatments reported 
in the literature were somewhat biased in that 
there was a mixture of acute, chronic, isolated 
and combined injuries. There are very few long- 
term results published. The conclusions of the 
2004 symposium organised during the French 
Society of Arthroscopy Congress on isolated 
PCL ruptures were that PCL surgery can improve 
knee function and sports activity signifi cantly, 
but that the graft cannot fully control posterior 
laxity, with the average gain being 6 mm [ 30 ]. 
Hammoud et al. [ 20 ] reported a systematic 
review of the evidence in 2010. Twenty-one 
papers in the literature reported the results after 
surgical treatment of isolated PCL injury. The 
percentage of return to same sports level activity 
ranges from 50 % to 82 % in comparison with 
the 19 % to 68% range in case of combined liga-
ment injuries treated surgically (ten studies in 
the literature). 

 Based on our experience and the current liter-
ature, a treatment algorithm for acute PCL injury 
is proposed (Fig.  19.3 ).    

    Conclusion 

 The majority of isolated PCL ruptures can be 
treated conservatively with good results and 
return to sport in a few weeks. In the athletic 
population, grade I and II injuries are usually 
treated conservatively with success, and we 
recommend performing a PCL reconstruction 
in the case of grade III injuries. The combined 
injuries, particularly PCL and PLS lesions, 
must be treated surgically within the fi rst 3 
weeks following the injury as the treatment of 
the chronic posterolateral laxity is challenging.     
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      Knee: Multiligament Injuries 
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and     Loris     Perticarini    

20.1             Etiology 

 Knee ligament injuries are very common due to 
increased participation in sports, extreme events, 
and road traffi c accidents. Multiligament knee 
injuries result in the disruption of at least two of 
the major ligaments of the knee and lead to sig-
nifi cant functional instability. The anatomical 
classifi cation system developed by Schenck and 
modifi ed by Wascher [ 1 ,  2 ] to classify the knee 
dislocation is useful to guide the management of 
knee multiligament injury (Table  20.1 ).

   It is important to remember that more than 
two-thirds of all knee dislocations will be sponta-
neously reduced by the time the patient presents 
for evaluation by the orthopedic surgeon. 

 Because of the close proximity of the neurovas-
cular structures to the posterior part of the knee 
joint, peroneal nerve and popliteal artery injuries 
are not uncommon, and neurovascular status must 
be evaluated upon initial presentation. 

 Historically, treatment was primarily limited to 
closed reduction and casting or cast-bracing 
immobilization. However, with the improvement 
of instrumentation and technique, combined ante-
rior and posterior cruciate ligament (ACL–PCL) 
tears associated with medial and/or lateral 

 collateral ligament (MCL/FCL) disruption is 
 typically managed surgically, with some allowed 
fl exibility to adjust for patient-specifi c factors [ 3 ]. 
Proper comprehensive physical examination 
skills and a good understanding of the complex 
anatomy of the knee are necessary to accurately 
diagnose these frequently missed injuries [ 4 ]. 
Careful and thorough clinical evaluation is critical 
as is timely, appropriate treatment.  

20.2     Injury Mechanism 

20.2.1     Central Pivot and Posterolateral 
Corner (PLC)  

 Isolated tears of the posterior cruciate ligament 
(PCL) can be caused by a fall on the fl exed knee 
(the upper tibia driven posteriorly with the knee 
fl exed). These tears are relatively rare as well as 
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   Table 20.1    Schenck modifi ed classifi cation of knee dis-
location [ 1 ,  2 ]   

 KD I 
 Multiligamentous injury with intact cruciate 
ligament 

 KD II  ACL and PCL torn, collateral ligaments 
intact 

 KD 
IIIM 

 Both cruciate ligaments torn, PMC torn 

 KD 
IIIL 

 Both cruciate ligaments torn, PLC torn, 
medial side intact 

 KD IV  ACL, PCL, PLC, and PMC disrupted 

 KD V  Periarticular fracture/dislocation of the knee 
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isolated injuries of posterolateral complex (PLC) 
that often occurs in association with other liga-
ment disruptions. 

 Mechanisms resulting in PLC injuries include 
a posterolateral-directed force to the anterome-
dial tibia, knee hyperextension and varus injury 
[ 5 ], and/or severe tibial external rotation while 
the knee is partially fl exed. 

 A different injury mechanism can lead to a 
different pattern of lesion: in knee hyperexten-
sion injuries, the posterior capsule is primarily 
involved, followed by the PLC and fi nally the 
PCL injury; in external rotation injuries, the knee 
partially fl exed could have tears to the popliteus 
tendon, popliteofi bular ligament, FCL, and the 
ACL.  

20.2.2     MCL and Posteromedial 
Corner (PMC) 

 Higher-grade MCL disruptions almost always 
involve a direct blow to the lateral leg producing 
signifi cant valgus and external rotation stresses. 
Pure valgus forces often produce isolated MCL 
injuries, but as external rotation is added to the 
proximal tibia, tears of the posterior oblique liga-
ment and anterior cruciate ligament are often 
seen [ 6 ].   

20.3     Clinical and Diagnostic 
Examination 

 Initial evaluation of a knee with multiple liga-
ment injuries begins with a thorough and com-
plete neurovascular examination, an assessment 
of the soft tissue, and determination of the insta-
bility pattern. Failure to recognize a vascular 
injury can lead to catastrophic. A knee disloca-
tion with subsequent reduction should always be 
considered a multiligament injured knee and 
should be evaluated as such. If possible, the 
examination of the knee must be performed with 
the patient in the standing, sitting, and supine 
positions. The observation of the patient’s gait is 
also important. 

20.3.1     Clinical Evaluation: Medial 
Compartment 

 Comprehensive physical examination is nec-
essary to differentiate between isolated MCL 
injuries and those involving the PMC. The 
entire course of the MCL should be palpated 
from proximal to distal. When examining 
medial-side knee injuries, it is important to 
distinguish between localized soft tissue 
swelling and an intra- articular effusion. The 
former is commonly seen with an isolated 
MCL injury; the latter is often associated with 
intra-articular pathology such as an ACL or 
meniscal tear [ 7 ]. 

 The tests that should be used to evaluate 
medial side are:

 –     Valgus stress test:  the examination is con-
ducted at both 0° and 30° of knee flexion, 
and the amount of “opening” at the medial 
joint line is evaluated. A 30° test isolates 
the MCL and is typically performed first. It 
may be helpful placing a slight rotary stress 
on the foot and observing for any anterome-
dial rotation of the tibial plateau on the 
medial femoral condyle. A positive finding 
of rotary instability may suggest damage to 
the PMC of the knee. This finding may rep-
resent a subset of patients in whom the 
medial-side injury requires surgical repair, 
especially in the case of a concomitant ACL 
rupture.    

 Valgus stress testing positive n is the second 
part of this evaluation. Opening in full extension 
indicates a complete MCL rupture (grade III) 
and PMC damage. It may also be associated 
with ACL or posterior cruciate ligament (PCL) 
injury [ 7 ].

 –     Anterior drawer test:  to assess the amount of 
anterior translation of the tibia with the knee 
fl exed at 80° and the tibia externally rotated at 
15°. If the test is positive, there was a tear of 
the meniscotibial ligaments that allows the 
meniscus to move freely.     
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20.3.2     Clinical Evaluation: Lateral 
Compartment 

 The tests that should be used to evaluate PLC are:

 –     Posterolateral drawer test:  patient in supine, 
with the knee fl exed to 80–90° and the foot 
externally rotated 15°. While the clinician sta-
bilizes the patient’s foot, a posterolateral 
drawer force is applied. It is useful to evaluate 
the popliteus tendon, popliteofi bular ligament, 
and FCL.  

 –    Dial test:  patient positioned either supine or 
prone, the clinician rotates the tibia through the 
foot and observes the amount of tibial external 
rotation present at 30° and 90° of knee fl exion. 
An increase of greater than or equal to 15°, as 
compared to the contralateral side, is consid-
ered positive [ 8 ]. A dial test that is positive at 
30° of knee fl exion but normal at 90° of knee 
fl exion is indicative of a potential injury to the 
PLC (the popliteus complex) [ 8 ]. A positive 
test at both 30° and 90° of knee fl exion indi-
cates both a PCL and PLC injury [ 8 ].  

 –    Varus stress test : patient supine, the exam-
iner stabilizes the tibia from unwanted rota-
tion and applies a varus stress to the knee 
through the foot/ankle, fi rst with the knee at 
30° of fl exion and repeated with the knee 
extended to 0°. The injury of FCL is classi-
fi ed according to the amount of subjective 
translation (or joint opening) and the per-
ceived quality of resistance at the endpoint 
(grade I, II, or III if it shows gapping without 
an endpoint). A positive varus stress test at 
30° is indicative of a complete tear of the 
FCL, and if positive at 0° of knee extension, 
it indicates a more severe injury, which may 
include the PCL, FCL, meniscotibial liga-
ment, popliteus tendon, and the superfi cial 
layer of the ITB.  

 –    External rotation recurvatum test : is per-
formed by lifting a supine patient’s great toe, 
while gently stabilizing the distal thigh and 
observing the relative amount of genu recur-
vatum present. The test is used to detect a con-
comitant ACL–PLC injury. It has a high 

incidence of false-negative results, and it is 
rarely positive in PCL–PLC or isolated PLC 
injuries.  

 –    Reverse pivot shift:  the knee is fl exed to 45°, 
and the foot is externally rotated with a valgus 
stress applied. It is positive if the tibia postero-
laterally subluxes with injury of the PLC.  

 –    Standing apprehension test:  the patient stands 
with his/her weight on the injured knee and 
slightly fl exes it, while the clinician applies a 
medially directed force on the anterolateral 
portion of the lateral femoral condyle [ 9 ]. 
Rotation of the condyle relative to the tibia, in 
addition to the patient feeling a giving-way 
sensation, indicates a positive test [ 10 ] to 
assess injury to the PLC.     

20.3.3     X-Ray 

 A standard radiographic knee series is indicated in 
all cases of suspected multiligament injuries. As 
with all injuries, a complete “knee” series which 
includes anterior–posterior (AP) views, 45° fl ex-
ion (tunnel) views, and a lateral and axial view is 
recommended. High-grade peripherical sprains, 
especially when combined with a cruciate injury, 
may show medial or lateral joint space widening 
on a supine AP view. Fractures, avulsions, or 
osteochondral fragments seen on x-ray could sig-
nifi cantly affect the treatment plan. Every young 
player with increased laxity in varus or valgus 
stress and open physes should have stress views to 
rule out a fracture through the growth plate [ 7 ]. 

 In chronic cases with instability, long- standing 
cassette radiographs of both lower extremities 
should be obtained to assess limb alignment. 
Moreover, in patients with chronic pain from a 
previous multiligament injury with MCL 
involved, radiographs may demonstrate crescent- 
shaped calcifi cation along the MCL, known as a 
Pellegrini–Stieda lesion [ 11 ]. 

 Fluoroscopic or radiographic stress examina-
tion is often helpful to assess for chronic ligament 
injuries, but diffi cult to perform in the acute injured 
knee. In chronic cases, at the stress  examinations 
for posterior–anterior and varus–valgus laxity, a 

20 Knee: Multiligament Injuries



194

difference between the two knees of ≥3 mm can 
be considered pathologic using TELOS [ 12 ].  

20.3.4     MRI 

 Magnetic resonance imaging (MRI) is important 
in assessing patients with complex multiligament 
knee injuries, though it should be used to supple-
ment and support, rather than replace, physical 
examination fi ndings. It is also important to stress 
that if an MRI is to be obtained, this should be 
done before operative fi xation of any associated 
periarticular fractures, as metal susceptibility arti-
fact will impede the quality of the scan. MRI 
scanning tends to overestimate injury to the liga-
mentous structures and should not be used as the 
only diagnostic tool for surgical planning. 
Physical examination under anesthesia (EUA) 
continues to be the most accurate for determining 
injury to the ligaments of the knee. MRI, however, 
may be more benefi cial for detection of meniscus 
injury, or injury to the osteochondral surface, and 
it can also be very useful in determining avulsion 
versus midsubstance injuries (Fig.  20.1 ).  

 Surrounding edema is often observed in any 
acute ligament injuries, although it is nonspecifi c 
and can also be present in other knee problems, 
such as meniscal tears or osteoarthritis [ 13 ]. In the 
setting of a severe PLC injury, the adjacent pero-
neal nerve should be assessed for the presence of 
traumatic neuritis or disruption of nerve fascicles 
[ 14 ]. Halinen et al [ 15 ] demonstrated that MRI 

(1.5 T) ability to detect lateral meniscal tears was 
less than hoped, but medial meniscal tears, liga-
mentous injuries, and bone bruises were seen more 
precisely in 44 cases of multiligament knee injury. 
However, both MRI and EUA should be used in 
concert to appreciate the extent of injury to the 
knee following a high-energy injury.   

20.4     Treatment Strategy 

 Decision-making often is based on each individ-
ual’s pre-injury function and the extent of the 
ligament damage. Several studies have suggested 
patients receiving operative treatment have 
improved functional outcomes when compared 
with nonoperative treatment [ 16 ]. The timing of 
surgery is critical with evidence that shows if sur-
gery is done immediately following the injury, an 
individual may experience increased postopera-
tive stiffness and scarring. It is well demonstrated 
that outcomes of multiligament reconstruction 
have better outcomes when surgery is performed 
within 3 weeks from injury, after swelling from 
the initial injury is reduced [ 17 – 19 ]. The benefi ts 
of early surgery must be balanced against the 
risks of arthrofi brosis. 

20.4.1     Central Pivot and Medial Side 

 Successful outcomes of complex multiligament 
injuries require that the surgeon differentiate 

  Fig. 20.1    ACL, FCL, PLC injury in elite football player       
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between injuries to the medial collateral ligament 
(MCL) and those to the PMC, as this will be criti-
cal to the development of the surgical plan. 

 The high reparative potential of the MCL with 
conservative treatment and the complications 
(primarily knee stiffness) associated with surgi-
cal repair/reconstruction are at the base of the 
controversies regarding the treatment of medial/
posteromedial ligamentous injuries. 

 If isolated MCL injury is present, nonopera-
tive treatment can be the best choice, whereas 
outcomes with anteromedial rotatory instability 
(AMRI) typically improve with surgical recon-
struction [ 20 ]. 

 In case of combined MCL-ACL injury, should 
be considered the grade of MCL tear and the 
level of athlete; in grade I, the treatment is always 
conservative; in grade II, the tear could be treated 
conservatively, and the ACL reconstruction in 
low-level athletes is staged, while MCL and ACL 
should be repaired in one stage in elite athletes, 
especially if the collateral is detached from the 
tibia; in grade III, the surgical indication is man-
datory whatever the level of participation. 

 In case of associated ACL, PCL, and PMC 
injuries, reconstruction of PMC and PCL should 
be performed fi rst, while the second stage 
involves reconstruction of the anterior cruciate 
ligament 6 weeks following the initial operation 
[ 4 ]. By performing staged procedures with the 
PCL being addressed fi rst, rehabilitation can fol-
low a typical PCL protocol without stretching the 
ACL. Likewise, once the ACL has been recon-
structed, the therapy program can switch to a 
pure ACL protocol, therefore maximizing the 
benefi t for both cruciate ligaments [ 4 ]. 

20.4.1.1     Surgical Technique 
 In ACL–PCL and medial-side tears, the progres-
sion of the treatment in two stage (PCL and PMC 
on the fi rst stage, ACL later) is a diagnostic 
arthroscopy to address meniscus pathology with 
repair or resection as indicated, perform recon-
struction of PCL without tensioning and femoral 
fi xation, and then reconstruct PMC. Graft ten-
sioning and fi xation of the PCL is then performed 
after the PMC reconstruction. The choice of the 
graft depends on the numbers and the structures 

involved: in multiligament injury, it is useful to 
consider one or more allograft (patellar tendon, 
Achilles tendon, tibialis anterior or posterior, 
semitendinosus). Fanelli et al. [ 21 ] prefer an 
Achilles tendon allograft for single-bundle poste-
rior cruciate ligament reconstructions and the 
Achilles tendon and tibialis anterior allografts for 
double-bundle posterior cruciate ligament recon-
structions. Either a tibialis anterior or a patellar 
tendon allograft is preferred for anterior cruciate 
ligament reconstructions, in case of one-stage 
reconstruction of all ligaments injured. 

 After 6 weeks, the anterior cruciate ligament 
reconstruction should be performed. The treating 
surgeon should choose a reconstruction tech-
nique, and the graft which he/she feels comfort-
able and confi dent in performing will provide 
good outcomes.   

20.4.2     Central Pivot and Lateral Side 

 The lateral side of the knee is commonly injured 
as part of a multiligament knee dislocation com-
plex. The modifi ed Schenck classifi cation [ 1 ,  2 ] 
of knee dislocations includes KD IIIL (injuries 
involving the anterior and posterior cruciate 
ligaments as well as the lateral complex). KD 
IV is less common and more severe because this 
injury involves both the medial and lateral sides 
as well as both cruciate ligaments. The lateral 
side of the knee is complex anatomically and 
therefore diffi cult to replicate with reconstruc-
tive techniques [ 21 ]. 

 Surgical treatment is indicated by complete 
injuries or avulsions of the FCL; rotatory insta-
bilities of the FCL and arcuate ligament, poplit-
eus tendon, and fabellofi bular ligament; and 
combined instability patterns of the FCL/postero-
lateral corner and ACL or PCL [ 22 ]. 

 A controversial issue is whether to repair or 
reconstruct the posterolateral corner. Stannard 
et al. [ 23 ] and Levy et al. [ 24 ] indicate that recon-
struction is probably better than repair. When sur-
gery is performed within the fi rst 3 weeks after the 
injury, a combination of repair and reconstruction 
can be done and should provide the best chance of 
producing a stable posterolateral corner [ 21 ]. 
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20.4.2.1     Surgical Technique 
 Numerous surgical techniques to treat postero-
lateral corner injury have been described: 
Stannard et al. [ 23 ] used a modifi ed two-tailed 
technique that reconstructs the popliteofi bular 
ligament and fi bular collateral ligament through 
transtibial and transfi bular bone tunnels and 
around a single screw on the lateral femoral con-
dyle; Levy et al. [ 24 ] reconstruct the posterolat-
eral corner with a graft passed through the 
proximal part of the fi bula, with both graft limbs 
inserting at an isometric point on the femur; the 
LaPrade technique use a two-tailed graft to 
reconstruct the fi bular collateral ligament, the 
popliteofi bular ligament, and the popliteus ten-
don with four tunnels: two in the femur (for the 
insertion of the fi bular collateral ligament and 
the popliteus tendon), one in the fi bula, and one 
in the proximal part of the tibia [ 25 ]. 

 Geeslin and LaPrade [ 26 ] assert that the treat-
ment of grade III PLC injuries with acute repair 
of avulsed structures, reconstruction of midsub-
stance tears, and concurrent reconstruction of any 
cruciate ligament tears resulted in signifi cantly 
improved objective stability. The initial assess-
ment addressed whether a damaged posterolat-
eral corner structure was avulsed from its 

attachment and could be repaired or was torn in 
the midsubstance and required a reconstruction 
with use of an autogenous hamstring graft or an 
allograft [ 26 ]. 

 Reconstruction of ACL must be performed, 
and the graft must be secured in the femoral 
tunnel. Fixation of the graft in the tibial tunnel 
must be performed later on, when repair and/or 
reconstruction of the posterolateral corner 
structures has already been done (Figs.  20.2  
and  20.3 ).      

  Fig. 20.2    Lateral side repair       

  Fig. 20.3    ACL tibial fi xation 
with interference screw       
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20.5     Rehabilitation and Return 
to Play 

20.5.1     Rehabilitation 

 Following multiligament reconstruction is essen-
tial to regain motion, strength, and function. 
Initially after surgery the knee can be braced, and 
the use of crutches and weight bearing depend on 
the repaired/reconstructed ligaments. Gradually 
weight bearing and mobility is allowed to prevent 
stiffness postoperatively. The rehabilitation will 
slowly progress into strengthening, gait, and bal-
ancing activities. However, individual patients 
will progress at different rates depending on their 
age, associated injuries, pre-injury health status, 
rehab compliance, tissue quality, and injury 
severity. 

20.5.1.1     Phase I 
 The goals of fi rst phase are to protect the postsur-
gical knee, restore normal knee extension,  improve 
scar and patellar mobility, eliminate  effusion 
(swelling) and restore leg control. Usually the 
brace is locked for 15 days to protect the peripheri-
cal repair as well as the non-weight-bearing period. 
Thereafter passive range of motion is recovered, 
but the ROM is restricted until at least 4 weeks 
after surgery. Electric stimulation is necessary to 
stimulate quad control and straight leg raise (SLR) 
with brace locked.  

20.5.1.2     Phase II 
 Phase II begins after meeting the Phase I criteria. 
The goals are normalized gait, single leg stand 
control, and quad control. The ROM must be 
greater then 125° in fl exion and full in extension. 
Bike is allowed. No open-chain hamstring 
strengthening, isolated hamstring exercises, or 
hamstring stretching if PCL reconstruction was 
done. Quad, hip, and core strengthening are the 
key points in this phase (Fig.  20.4 ).   

20.5.1.3     Phase III 
 Phase III starts after the Phase II goals are accom-
plished. The objectives are the single leg control 
(open and closed chain) and the good control and 

no pain with functional movements, including 
step ups/downs and squats. In addition, it is 
important to perform gait and balance drills.  

20.5.1.4     Phase IV 
 In the last phase, the goals are to obtain a good 
dynamic neuromuscular control, no pain with 
multi-planar impact activities, and functional 
sports-specifi c progression. It is important to 
avoid post-activity swelling. The initiation of 
impact may occur if the involved leg has at least 
80 % of the strength of the uninvolved leg when 
measured using a single leg press test. 

 The footballer must perform sports-specifi c 
balance and proprioceptive drills, progress 
impact control exercises to reactive strengthening 
and plyometrics, initiate a running program as 
appropriate, and continue quad strengthening. 
Movement control exercise begins with low- 
velocity, single-plane activities and progresses to 
higher-velocity, multi-plane activities from 1 foot 
to the other and then 1 foot to the same foot. 

  Fig. 20.4    Closed kinetic chain exercise for quadriceps       
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 Rehabilitation of acute repair/reconstruction 
is much harder than rehabilitation following sur-
gery for chronic cases. The reason is the amount 
of infl ammation due to the massive soft tissue 
injury. Another important principle is that the 
PCL surgery dominates the rehabilitation. Note 
that the PCL is tensioned with fl exion angles 
above 60° and stressed by gravity tending to pro-
duce a posterior tibial translation. The PCL is 
also tensed by open-chain hamstring activity. Not 
surprisingly, it is prone to stretching [ 22 ]. 

 Early patellar mobilization is important to pre-
vent a fat pad contracture. Full active and passive 
extension should be encouraged as soon as pos-
sible. Although collateral ligaments are tensioned 
in terminal extension, surgical technique should 
be good enough to allow for this [ 22 ]. 

 In acute cases, the patient undergoes partial 
weight bearing for 4 weeks followed by full weight 
bearing. In chronic cases, if there is any signifi cant 
varus/valgus that would compromise repair/ 
reconstruction, osteotomy would be undertaken. 
The post-operative period after osteotomy requires 
that the patient remains touch weight bearing for 4 
weeks and partial weight bearing for 2 weeks. 

 The reason for the slow recovery following 
surgery for these kinds of injuries is largely 
due to the slowness in restoration of proprio-
ception. Structures other than those recon-
structed have to upregulate their proprioceptive 
function [ 22 ].   

20.5.2     Return to Play 

 Multiligament injury contains as seen a wide 
spectrum of injury. Many footballers have com-
bined ACL and MCL injury, but only the cases 
previously described require surgery to the 
MCL. The majority of two ligament injuries will 
return to sport even at the highest level. Several 
athletes with three-ligament injuries return to 
sport at the highest level but only a few athletes 
with four-ligament involvement return to the pre-
injury level of sport. 

 The footballer can return to play if he/she has 
dynamic neuromuscular control with multi-plane 
activities, without instability, pain, or swelling. 

Furthermore, he/she should be able to land from 
a sagittal, frontal, and transverse plane and leap 
and jump with good control and balance. 
Isokinetic and functional test should be done 
before the player returns to play.      
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      Lateral Meniscus Injuries 

           Rene     Verdonk    

21.1             Introduction 

 The microscopic anatomy of the lateral meniscus 
is a cartilaginous construct containing 70 % of 
water, the rest being collagen fi bers for 75 %, 
organized in order to sustain compressive and 
shearing forces. Like in the medial meniscus, the 
collagen fi bers are circumferentially oriented 
including oblique and radial fi bers. 

 The macroscopic anatomy is semicircular and 
is positioned between the lateral femoral condyle 
and the lateral tibial plateau, covering 70 % of its 
surface. It is tightly fi xed, having two fi xation 
horns. The anterior horn is rather fl at and inserts 
just below the tibial anterior cruciate ligament 
fi xation [ 1 ]. The posterior lateral meniscal horn is 
extremely strong and hits the tibial tubercle ante-
rior to the posterior medial meniscal horn 
fi xation. 

 Extra fi xation is illustrated in anatomy with 
two meniscofemoral ligaments posteriorly [ 2 ]. 
The posterior fi xation through the ligament of 
Wrisberg presents in 76 % of cases [ 2 ]. Finally 
there is most often also a transverse ligament 
uniting both medial and lateral menisci in the 
anterior part of the knee. In addition, the lateral 
meniscus is not fi xed to the popliteal tendon (hia-
tus popliteus) [ 3 ] .  Because there is no fi xation to 

the lateral collateral ligament of the knee, the 
 lateral meniscus is much more mobile versus the 
medial meniscus. This nicely fi ts the mobile 
expectations in normal knee function. 

 Vascular penetration of the lateral meniscus 
is decreasing after birth [ 4 ] .  In the adult knee 
vascularization originates from the lateral 
genicular artery progressing to a capillary 
plexus on the outside of the meniscus [ 5 ]. Like 
in the medial meniscus, vascular penetration is 
only present in the periphery of this cartilagi-
nous body. 

 Regarding innervation, most mechanorecep-
tors are located in the meniscal horns [ 6 ]. 

 Biomechanically the lateral meniscus increases 
joint congruency and improves knee stability. 
Because of its specifi c fi xation toward the muscu-
lus popliteus and the femur, the lateral meniscus is 
less subject to rotational trauma.  

21.2     Etiology and Injury 
Mechanism 

21.2.1     Stable Knee 

 Most of lateral meniscal lesions can be distin-
guished between:

 –    Vertical traumatic lesions [ 7 ]  
 –   Lateral meniscal degenerative lesions [ 8 ]  
 –   Degenerative meniscal lesions associated with 

arthritis which will not be discussed here [ 9 ]    
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 The injured mechanism is mostly due to lock-
ing of the posterior horn in the maximum fl exion 
of the knee joint, without specifi c rotational injury. 

 This injury leads to a more aggressive thera-
peutic approach, using arthroscopic surgery 
because of extension loss of the knee.  

21.2.2     Unstable Knee 

 The natural history of anterior cruciate ligament 
injury retains a very high incidence of meniscal 
injury. This lesion, sometimes ab initio, always 
evolves dramatically, and if required, lateral 
meniscectomy will lead to major degenerative 
arthritis in the lateral compartment of the knee. 

 Today, up to 65 % of ACL rupture includes 
meniscal rupture, essentially in the lateral com-
partment. The clinical incidence presents more 
than 1/3 of lateral meniscal injury in case of acute 
anterior cruciate ligament rupture. This can be 
explained by the shearing force exerted on the 
posterior horn of the lateral meniscus during 
internal rotation on the lateral tibial plateau. Very 
often it shows a horizontal lesion at the posterior 
horn of the lateral meniscus and closely related to 
the hiatus popliteus, sometimes associated with 
an increase in length of this particular structure. 
Because of the vascularity of the location, healing 
is most often spontaneous. Indeed, in the late ACL 
repair, at 3–6 months, these vascularized shearing 
lesions at the edge of the meniscus have healed.   

21.3     Clinical Diagnosis 
and Imaging 

21.3.1     Stable Knee 

 As mentioned earlier in the etiology and injury 
mechanism, the clinical fi ndings in the acute set-
ting present with a locked knee with frank and 
painful extension defi cit. No imaging is required 
in the experienced surgeon’s hand. 

 When confronted with a chronic lateral menis-
cal lesion, the clinical picture is less clear. 
Imaging is required. Unless presenting with the 
degenerative knee complaints (in which case 

standing X-rays and Rosenberg’s incidences are 
required), an MRI or possibly an arthro-CT scan 
must be requested. Van De Berg [ 10 ] has shown 
high sensibility and specifi city using arthro-CT 
scan in meniscal injuries. MRI shows less sensi-
bility according to Oei et al. [ 11 ] with good spec-
ifi city in lateral meniscal lesions.  

21.3.2     Unstable Knee 

 In the ACL injured knee joint, the laxity induces 
excessive forces on the menisci. More often in 
the medial compartment vs. the lateral compart-
ment. Indeed, because of its mobility, the lateral 
meniscus stands these shearing forces better 
because of its excessive translation availability. 

 This evolves soon to become a chronic lateral 
meniscal tear because of episodes of new trau-
matic moments, onto unstable central pivot shift 
fi ndings. Progressive mechanical joint line pain is 
mentioned by the patient, presenting with repeated 
hydrops. McMurray sign becomes more obvious. 
Sometimes, parrot beak lesions occur, presenting 
with locking symptoms. Today, however, since 
ACL repair is more readily done after injury, the 
frequency of these lateral meniscal lesions is 
decreasing in daily practice. These fi ndings sug-
gest again obvious ligament and meniscal coop-
eration in stabilizing the injured knee joint.   

21.4     Treatment Strategy 
and Results 

 The purpose of meniscal repair is cartilage 
 protection [ 12 ,  13 ] .  

 Isolated partial (if possible) meniscectomy is 
only indicated in the more aged and sedentary indi-
viduals presenting without instability complaints. 

 On the other hand, adequate lateral meniscec-
tomy in case of associated ACL ligament repair is 
only indicated if the symptomatic lesion is unrepair-
able. Masterly neglect of the lateral meniscal tear is 
probably the most appropriate approach as these 
lesions present a high frequency but only minimal 
extent [ 14 – 16 ]. When reviewing lateral meniscal 
repair, we found no secondary lateral meniscal 
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resection to be required on clinical grounds. Indeed, 
meniscal repair in the lateral meniscus is only indi-
cated in unstable unrepairable lesions. Hybrid 
meniscal sutures using an all-inside technique are 
indicated around the popliteal hiatus (Fig.  21.1 ). 
These can be augmented in the medial and possibly 
anterior horn with an inside-out suture approach, 
increasing overall stability. Excellent results are 
expected and referred in literature [ 17 ,  18 ].  

 Hulet et al. [ 19 ] have investigated long-term 
results in lateral meniscectomies at plus 20 years of 
follow-up. The prevalence of OA was 56 % in the 
affected knee, and the difference of prevalence 
between the operated and healthy knees was 44 %. 
In those patients presenting with OA of the oper-
ated knee and a normal contralateral knee, the inci-
dence of OA was 53 %. In their conclusions, the 
authors mention that in the long term arthroscopic 
lateral meniscectomy in stable knees without initial 
cartilage lesions might lead from good to excellent 
results in a young patient. Patients are at higher risk 
to the development of symptomatic OA if they are 
over 40, having a high BMI (more than 30), valgus 
malalignment, and cartilage lesions at the time of 
surgery. It is to be noted that in the younger patients, 
the lateral meniscus, presenting with a traumatic 
lesion and intact cartilage, clean minimal resection 
does not lead to further degeneration in well-
aligned knees with stable and intact ligaments. 

 In the unstable, unrepaired ACL injured knee, 
lateral meniscectomy will lead to OA in 100 % of 
the cases. 

 After lateral meniscectomy short-term results 
may be complicated by swelling and prolonged 
joint line pain in the lateral compartment. Tabib 
et al. [ 20 ] have shown in young patients the 
swelling to be prolonged in time in 1/3 of the 
cases. Even in the presence of some weight- 
bearing cartilage degeneration, a conservative 
treatment is indicated, sometimes requiring corti-
sone intra-articular injections. It is suggested 
only to refer to a new arthroscopy at 6 months at 
the earliest. Chatain et al. [ 21 ] have found that 
re-arthroscopy for lateral resection in these cases 
is as high as 12 % as compared to less than 5 % 
in case of medial partial meniscectomy. 

 Charrois et al. [ 22 ] have illustrated that rapid 
chondrolysis is present in a limited number of 
patients. These fi ndings require very careful 
approach in return to sports activities. A close 
follow-up is required sometimes using cortisone 
injections at the early stage [ 23 ]. 

 Long-term complications arise, possibly 
including lateral compartmental OA [ 24 ]. In case 
of malalignment femoral corrective osteotomy is 
suggested [ 25 ] .  Marti et al. [ 26 ] suggest tibial 
corrective osteotomy. None of these approaches 
are fully satisfactory. Indeed, varus femoral oste-
otomy is only effective in extension, not below 
90° of fl exion [ 13 ]. 

 In light of these fi ndings, recent investigations 
have suggested lateral meniscal replacement. 
Today’s experience suggests two separate clinical 
situations:

 –    A chronic symptomatic joint line pain after 
partial lateral meniscectomy.  

 –   A chronic symptomatic joint line pain after 
total lateral meniscectomy.    

21.4.1     Partial Lateral Meniscal 
Replacement 

 Bouyarmane et al. [ 25 ] and Verdonk [ 27 ] have 
investigated prospectively in a single-arm multi-
center study the safety and effi cacy of the lateral 

  Fig. 21.1    After lateral meniscal bucket handle tear and 
arthroscopic reduction of the dislocation, a fi rst vertical 
meniscal suture is positioned to reduce and hold the lat-
eral meniscus in place (Courtesy dr J Hoher ESSKA 
meniscus presentation)       
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polyurethane meniscal scaffold (Actifi t, Orteq Ltd, 
London, UK) for the treatment of post- 
meniscectomy syndrome. Fifty-four patients, aged 
between 16 and 50 years, who were treated between 
2007 and 2011 with a polyurethane scaffold, pre-
sented with a non-repairable lateral meniscal tear 
or partial meniscal loss with intact rim. The knees 
were stable or had been stabilized within 12 weeks 
of the index procedure. The lateral defects were 
primarily localized in the posterior and middle seg-
ments of the lateral meniscus. Malaligned patients 
underwent distal femoral osteotomy. At 6 months 
clinical fi ndings were improved from baseline. At 
24 months, the clinical and KOOS continued to 
improve signifi cantly (Fig.  21.2 ).  

 In case of chronic symptomatic medial joint 
line pain after partial medial meniscectomy, other 
alternatives are available using the CMI (collagen 
meniscal implant) [ 28 ]. Partial lateral meniscal 
replacement has been performed with similar 
effective results (personal communication).  

21.4.2     Total Lateral Meniscal 
Replacement 

 According to current recommendations, meniscal 
allograft transplantation in the lateral compart-
ment is indicated in three specifi c clinical 
settings:

    1.    Young patients with a history of lateral menis-
cectomy with a localized joint line pain in a 
stable knee joint without malalignment and 
preferably with minor evidence of articular 
cartilage degeneration   

   2.    Anterior cruciate ligament-defi cient knees 
having sustained lateral meniscectomy requir-
ing increased stability, supported by a new 
lateral meniscus   

   3.    In an effort to avert early joint degeneration in 
the lateral compartment, young patients, most 
of them females, having sustained lateral total 
meniscectomy as a result of lateral discoid 
meniscus pathology     

 Both open (Fig.  21.3 ) and now routinely 
arthroscopically, this surgery results in a good 
satisfactory outcome [ 29 ] .   

 In the majority of studies, these outcomes 
[ 30 – 42 ] suggest a clinical success rate of 70 % 
(Fig.  21.4 ). Overtime at the 10th to the 15th year, 
this rate tends to decrease. A higher failure rate is 
present in case of ligament instability or axial 
malalignment or pronounced cartilage degenera-
tion at the index surgery.    

  Fig. 21.2    This meniscal scaffold has been in place for 
48 m. It is well fi xed and well tolerated by the weight- 
bearing cartilage. This picture shows no scaffold regres-
sion however still with different contrast aspects vs. 
normal meniscal tissue         Fig. 21.3    In open surgery the lateral compartment of this 

right knee is opened through an osteotomy of the lateral 
collateral ligament insertion on the femoral condyle 
allowing for proper spacing and stable insertion of the lat-
eral meniscal allograft using vertical/horizontal meniscal 
sutures       
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21.5     Rehabilitation and Return 
to Play 

 Supervised rehabilitation after partial meniscec-
tomy can generally progress, as tolerated by the 
patient, with no substantial contraindications or 
limitations. The main goals are to control pain and 
swelling associated with surgery, more specifi -
cally in the lateral compartment, also to restore 
range of motion and to maintain muscle function, 
as well as optimizing lower extremity neuromus-
cular coordination and muscle strength [ 43 ]. 

 In the early postoperative rehabilitation phase, 
weight bearing is allowed as tolerated by the 
patients. Ice packing is helpful in the fi rst few 
days as treatment should focus in the reduction of 
pain and swelling. Refl ex inhibition needs to be 
resolved rapidly because strengthening of mus-
cles surrounding the knee cannot be initiated 
with this inhibition still being present. 

 Ice and the activity reduction in association 
with frequent low resistance active and passive 
movements stimulate joint recovery [ 44 ] .  
Progressive, active, and passive range of motion 
exercises of the knee need to be started immedi-
ately post surgery within the pain limits. Deep 
squats are not allowed until the 6th week follow-
ing the surgery in order to avoid excessive load 
on the healing meniscus, more specifi cally in the 

lateral compartment. Progressively propriocep-
tive exercises are initiated to improve functional 
stability [ 43 ] .  

 In the second phase, optimizing quadriceps 
strength is important as it adds to functional joint 
stability and protects knee function, being a 
shock absorber and dampening load during activ-
ity [ 45 ] .  

 In combination, open kinetic chain and closed 
kinetic chain exercises can be used to improve 
upper leg muscle strength, but the latter becomes 
more important with time because these are more 
functional for the lower limb. 

 As soon as patients can tolerate weight bear-
ing on the involved knee, closed kinetic chain 
exercises with a patient’s own body weight can 
be started. The intensity of exercises can be 
increased by increasing the load enhancing mus-
cle endurance. 

 In the third phase patients are generally able to 
go to work. In case of partial meniscectomy, 
careful sports activities can be resumed at 6–8 
weeks. One should be more careful than in the 
partial medial meniscectomy. 

 Rehabilitation after stable meniscal repair in 
the lateral meniscus requires a similar approach 
as partial meniscal resection. However, partial 
weight bearing is required to be done carefully, as 
tolerated by the patients. Swelling has to subside 
as deep squatting is contraindicated, at least 3 
months from the index surgery [ 46 ,  47 ]. 

 In case of partial lateral meniscal replacement 
using the polyurethane implant, rehabilitation 
takes 16–24 weeks. Non-weight bearing is manda-
tory for the fi rst 3 weeks, followed by progressive 
full weight bearing and a 100 % load at 9 weeks 
postimplantation. Flexion is progressively 
increased from 30° during 2 weeks, followed by 
60° and progressively 90° at week 5–6. Light exer-
cises including isometric quadriceps exercises, 
mobilization of the patella, heel slides, quadriceps 
and anti-equinus foot exercises, and Achilles ten-
don stretching are advised from week 1 [ 25 ] .  

 Rehabilitation after lateral meniscal transplan-
tation is comparable to extensive meniscal repair 
and fi xation. In lateral meniscal transplantation, 
care has to be taken in regard with soft tissue or 
bony reinsertion of the anterior and posterior 

  Fig. 21.4    Top and bottom: standing X-rays after lateral 
meniscal transplantation 10 years after the index surgery. 
No lateral joint narrowing is seen 10 years after lateral 
MAT       
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horn of the lateral meniscus. Today’s techniques 
allow stable fi xation of the allograft implant. 
Strict immobilization is to be avoided and pro-
gressive exercises initiated [ 29 ,  48 ] .  

 Mobilization is started as tolerated through 
the fi rst 60° of fl exion in the fi rst weeks. At 6 
weeks weight bearing is allowed as no limitation 
of active fl exion is instituted. Squatting is to be 
avoided for the fi rst 3 months after the index sur-
gery. Competitive sports may be considered at 6 
months after proper regaining of function. 

21.5.1     Particular Findings 

21.5.1.1     Meniscal Cysts in Adults 
and Football 

   Introduction 
 Pathological meniscal cysts are essentially pres-
ent in the lateral compartment. They are rare. 
Many issues on the lateral meniscal cysts are 
controversial: their true etiology is both degen-
erative and microtraumatic. The treatment 
approach has evolved over time because of more 
recent diagnostic tools and arthroscopic therapy.  

   Etiology 
 The etiology of the lateral meniscal cysts is con-
troversial: initially, one considers a microcyst in 
the meniscal body to be created, consisting of 
synovial fl uid, evolving toward the periphery 
[ 49 – 51 ]. Because of this weaker consistency, this 
interbody meniscal lesion develops toward a hor-
izontal cleavage [ 49 ] with progressive clinical 
impact, this being caused possibly by collagen 
bundle rupture and infl uenced by shearing forces 
during sports activities like football. Hulet et al. 
[ 52 ,  53 ] fi nd around 25 % of microtraumatic 
infl uence. Because of these traumatic incidents, 
the cyst becomes clinically symptomatic. 

 Reagan [ 54 ] has described further deteriora-
tion of the lesion being the development as a 
horizontal cleavage tear, progression of the lesion 
toward the peripheral wall of the meniscus, most 
often around the popliteal hiatus and then, 
because of weaker collagen structure developing 
toward the joint obviously, becoming 

 symptomatic, more specifi cally with the active, 
mostly male, sportive individual.  

   Diagnostic Approach 
 Most often these patients are active sportsmen 
and, as they are middle aged, present with long- 
term symptomatology [ 52 ]. They present with 
complaints on the lateral joint line with intermit-
tent swelling at the level of the popliteal hiatus. 
Pressure pain is present, while the McMurray 
sign becomes manifest. In most instances the 
meniscal cyst is relatively limited on the inside 
and also, sometimes, bilateral being symptomatic 
only unilaterally. Joint effusion is rarely associ-
ated with the presence of a lateral meniscal cyst. 
Obviously standing X-rays are required to evalu-
ate possible evolving joint line width in the lat-
eral compartment. Hulet [ 16 ] and Pedowitz [ 55 ] 
suggest the major role of MRI. Very often, it 
allows for fi ner diagnostics, whether or not the 
fl ap tear is present or there is a full connection 
from within the joint toward the periphery. This 
potential fi nding will lead to appropriate surgery, 
possibly suggesting partial meniscal resection 
associated with meniscal rim stabilization suture.  

   Arthroscopic and Associated Open 
Treatment 
 The fi nal diagnosis is confi rmed, and treatment 
suggestions are defi ned during arthroscopy. 
Being symptomatic, lateral meniscal cysts pres-
ent usually with full horizontal cleavage [ 52 ]. 
They are obviously different from acute trau-
matic appearance. They are sometimes associ-
ated with smaller parrot beak meniscal lesions 
being the reason of their clinical symptoms. They 
very often present at the level of the popliteal hia-
tus [ 56 ,  57 ]. Probing allows for evaluating the 
entire lateral meniscal cyst, presenting outside 
the weight-bearing zone. Outside-in needling of 
the cyst allows for localizing the connecting 
canal [ 16 ]. 

 Flap tear presence and the extensive degenera-
tion of the meniscal body require adequate men-
iscectomies preserving the lateral meniscal wall 
if at all possible. It is possible then to use a 
mechanical shaver to address the intrameniscal 
cyst tissue, manipulating the shaver through the 
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connecting canal into the cyst. If required then, 
after removing the degenerative tissue, an attempt 
can be made to suture the horizontal cleavage 
tear, being left after the partial meniscectomy, 
thus allowing for stabilization for both the femo-
ral and the tibial parts of the meniscus. This being 
a somewhat degenerated tissue as well, it may 
require, in case of extensive meniscal cyst, an 
open approach on the lateral side of the knee by 
separate incision, allowing for an open resection 
of the meniscal cyst, associated with an all- 
outside meniscal stabilization suture. 

 These both inside and outside approaches will 
enhance chances of healing of the remnant menis-
cal wall with better care of the weight-bearing 
cartilage. As this is performed in an older and 
aged tissue, rehabilitation is slow, and immediate 
weight bearing needs to be avoided for 4–6 weeks 
and active contact sports avoided for 3–6 months.  

   Results 
 Objective results are satisfactory in almost 90 % 
of cases [ 52 ]. These results are comparable to lat-
eral meniscal adequate resection [ 58 – 60 ]. This 
suggests the importance of preserving the conti-
nuity of the lateral meniscal wall, more specifi -
cally at the level of the hiatus popliteus if at all 
possible. 

 Lateral meniscal cyst recurrence is not a rare 
event, and 10–15 % is referred by Maffuli [ 61 ] 
and Reagan [ 54 ]. These authors are confronted 
with a more extensive degenerative tissue in redo 
surgery. This fi nding suggests a meniscal disease 
to be the reason of this type of pathology. 

 These fi ndings are also in correlation with 
redo surgery in lateral meniscectomy [ 56 ]. At 5 
years, these results also suggest further cartilage 
degeneration in the weight-bearing lateral com-
partment. This is also related to the age of the 
patient. Indeed, in the older-aged patient above 
50 years, lateral meniscal cyst degeneration and 
surgery may originate toward further cartilage 
degeneration. These patients are different from 
the younger sportive individual with intact 
weight-bearing cartilage. 

 All these fi ndings suggest the lateral meniscal 
cyst to be a degenerative pathology most possibly 
based on defective collagen material. This may 

be potentially initiated by local anatomy infl u-
enced by the presence of the hiatus popliteus, 
leading to higher stress and less peripheral vascu-
larity. In the sportive individual this may lead to 
initiating mechanical pathology, even with minor 
and sometimes repetitive trauma as in football. 
Consequently the lateral meniscal cyst in the 
sportive individual may not be overlooked. It 
needs clinical diagnosis also confi rmed by imag-
ing, preferably MRI. This then may initiate an 
indication for arthroscopic surgery in extensive 
cases, associated with open meniscal cyst 
removal and meniscal wall suture in an all- 
outside fashion [ 62 ].  

   Conclusion 
 This not so frequent pathology of the lateral 
meniscus requires optimal clinical investigation 
and MRI to illustrate this degenerative pathol-
ogy. Leading to operative arthroscopic surgery, it 
may require additional open approach to  stabilize 
the meniscal wall, more specifi cally at the weak 
hiatus popliteus anatomy. Rehabilitation is 
 suggested to be very progressive, and weight 
bearing may need to be delayed depending on 
the extent of the lesion. Prognosis is good and 
can be compared to adequate lateral meniscec-
tomy with equal good follow-up at 15–20 
years [ 53 ].   

21.5.1.2     The Discoid Lateral Meniscus 
and Football 

 The lateral discoid meniscus is a congenital ana-
tomic abnormality, quite rare, varying in gender 
and race [ 63 ,  64 ]. Major differences occur, while 
Caucasians have an incidence of about 5 % [ 65 , 
 66 ] in contrast with the Japanese [ 64 ]. Watanabe 
et al. [ 67 ] suggest classifi cation according to the 
covered surface of the lateral tibial plateau. 
Sometimes the posterior horn is not fi xed on the 
tibial plateau in its posterior attachment but rather 
on the ligament of Wrisberg, inducing hypermo-
bility with an O-shaped open discus. 

   Diagnosis and Clinical Findings 
 Discoid lateral menisci are very often associated 
with pathology in 70–80 % of cases [ 68 ,  69 ]. 
Clinical fi ndings are highly variable because of 
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individual anatomy. Wrisberg-type lateral  discoid 
menisci are almost invariably symptomatic with 
lateral joint line pain and the presence of the 
snapping knee syndrome. However, less frequent 
versus pediatric occurrence. In the adult, knee 
locking [ 69 ], joint swelling, and instability are 
primarily present. Flexion to extension move-
ment may cause clunk syndrome in 25 % of the 
cases. Imaging using MRI illustrates central cys-
tic degeneration of the meniscal tissue inducing 
horizontal cleavage tears [ 70 ]. On regular basis, 
these clinical fi ndings and symptoms are bilat-
eral. According to Aichroth [ 71 ] and Matsumoto 
[ 72 ], the lateral discoid meniscus is associated 
with osteochondritis dissecans (OCD). 

 Arthro-CT scan and arthro-MRI may help in 
the precision diagnostics whether or not the dis-
coid meniscus covers the entire lateral tibial pla-
teau and presents with possible degenerative 
horizontal cleavage pathology.  

   Treatment 
 Once symptomatic the lateral discoid meniscus 
requires aggressive surgery. 

 Adequate meniscectomy is the rule. It allows 
for retaining the lateral meniscal wall, more spe-
cifi cally across the hiatus popliteus as suggested 
by Kaplan [ 73 ]. Technically and at arthroscopy, 
en bloc resection of the central part of the lateral 
discoid meniscus is diffi cult. Most often, arthros-
copy allows for progressive resection using 
mechanical and sometimes thermal instrumenta-
tion [ 70 ,  74 ]. Partial meniscectomy sometimes 
referred to as “meniscoplasty” as described by 
Dickhaut [ 75 ] addresses most often degenerative 
central and horizontal cleavage tears. Meniscal 
repair is regularly performed in association with 
meniscal resection [ 64 ]. This approach is sug-
gested in order to retain a maximum of meniscal 
tissue more specifi cally in the periphery and 
especially at the level of the hiatus popliteus [ 76 ]. 
This approach induces favorable results in many 
cases [ 77 ,  78 ] .  

 Earlier literature retains potential arthrogenic-
ity after extensive lateral meniscectomy [ 79 ]. In 
conclusion it appears that arthroscopic partial lat-
eral meniscectomy in case of discoid malforma-
tion remains a diffi cult approach, requiring 

extensive experience in arthroscopic surgery in 
order to fully consider retaining maximal menis-
cal tissue [ 80 ].     

    Conclusion 

 In case of lateral meniscal tear, care must be 
taken to save meniscal tissues at all costs. In 
the young individual the repair needs to be 
pushed, and as in the older-aged patient, ade-
quate limited resection becomes the rule. 

 In case of stable knees, long-term results 
suggest the partial lateral meniscus resection 
to be well tolerated. In the ACL-defi cient 
knee, ligament repair has become the rule in 
the young patient as in these instances ab ini-
tio, the lateral meniscus is rarely involved. 

 In case of chronic symptomatic lateral 
meniscectomy, partial replacement presents 
with clear functional improvement. 

 In case of total meniscectomy and chronic 
symptomatic joint line pain – as may be the 
case after discoid meniscal resection – lateral 
 meniscal allograft transplantation is an opti-
mal indication to avoid inevitable joint line 
degeneration, even in the well-aligned knee 
joint [ 81 ].     

  Acknowledgment   This chapter is based on the long per-
sonal clinical and surgical experience of the author but 
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22.1            Introduction 

 Over the years, the concept of the meniscus has 
greatly evolved from being just a useless vestigial 
structure to a multifunctional and essential part 
of the knee. Currently, menisci are considered to 
be responsible for load transmission, joint lubri-
cation, shock absorption, and joint stability [ 1 , 
 2 ]. Since they are essential to normal functioning 
of the knee, it is not surprising that meniscus 
repair has become a common procedure. With 
increasing attention to meniscus repair, the need 
to devise a reliable and reproducible classifi ca-
tion of meniscus tears has also arisen. 

 The menisci occupy 60 % of the contact area 
between the tibial and the femoral cartilage sur-
faces and transmit greater than 50 % of joint com-
pression forces. After meniscectomy, the 
tibiofemoral contact area decreases by approxi-
mately 50 % and the contact forces increase two- to 
threefold [ 3 – 7 ]. Meniscectomy frequently leads to 
irreparable joint damage, including articular carti-
lage degeneration, fl attening of articular surfaces, 
and subchondral bone sclerosis. Poor long-term 
clinical results have been reported by many investi-

gators after partial and total meniscectomy, with 
Fairbank’s signs of radiographic deterioration [ 8 ], 
and authors noted a 50 % rate of radiographic 
osteoarthritis in patients who underwent meniscec-
tomy with a mean of 13 years postoperatively [ 9 ]. 

 Problems do exist in many meniscectomy nat-
ural history studies such as including both partial 
and total meniscectomy in the same cohort; still, 
preservation of meniscal tissue and function 
remains paramount for long-term joint function.  

22.2     Etiology and Classifi cation 

 Trauma is one of the most common etiologies of 
meniscus tears, and meniscus tears occur in 
40–60 % of patients with anterior cruciate liga-
ment (ACL) ruptures [ 10 ].The majority of these 
tears extend into the middle third avascular 
region. Magnetic resonance imaging (MRI) pro-
vides important information regarding the type of 
meniscus tear and potential for repair to preserve 
function [ 11 ]. Occasionally, MRI will indicate 
that a repair may be possible, such as in cases of 
large horizontal tears. 

 Degenerative meniscus tears are much less 
frequently repaired, because the meniscal tissue 
is poor in quality and often fragmented into mul-
tiple pieces. Frequently, the symptoms of tibio-
femoral pain will diminish over 6–12 weeks in 
degenerative tears in older patients, allowing a 
conservative approach. 
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 Meniscus repair is frequently performed with 
concurrent operative procedures such as knee 
 ligament reconstruction. Patients with lower 
 extremity varus or valgus malalignment and asso-
ciated meniscus tears are especially considered 
for meniscus repair. The malalignment  produces 
high medial or lateral tibiofemoral compartment 
loads, and a functional meniscus is required to 
prevent articular cartilage deterioration. 

 Meniscus tears are classifi ed according to loca-
tion, type of tear, and integrity and damage to 
meniscal tissue and the meniscus attachment sites 
[ 12 ]. This classifi cation, along with meticulous 
arthroscopic inspection of the tear site, allows the 
surgeon to determine whether a tear is reparable. 

 The meniscus body is divided into thirds: inner, 
middle, and outer. Tears located at the peripheral 
attachment sites (meniscofemoral and meniscotib-
ial) are referred to as outer third tears. Single longi-
tudinal tears are usually located in the outer third 
region or at the peripheral attachments (Fig.  22.1 ).  

 These tears are classifi ed as red–red because 
both portions have an internal blood supply and 
are repaired in all cases with high success rates 
expected. Tears located in the middle third region 
are classifi ed as either red–white or white–white 
(Fig.  22.2 ).  

 Red–white tears occur at the junction 
between the outer and the middle third regions 
where the vascular supply is present in the outer 
third portion of the tear. White–white meniscus 

tears are located in the inner third region where 
no blood supply is presumed to exist to either 
portion of the tear. When a repair is performed 
for these tears, the sutures may provide access 
to the vascular supply. In addition, the synovial 
migration of cells on the surface of the meniscus 

  Fig. 22.1    Illustrations of the common complex and 
 avascular meniscus tear patterns. Note the single-plane 
confi guration of the single longitudinal and radial tears 

and the multiplane (complex) confi guration of the double 
longitudinal and fl ap tears       

  Fig. 22.2    Illustration of the different Zones of the 
meniscus       
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may occur after rasping of the meniscus–
synovium border, providing a vascular supply to 
the repair site. 

 Repairs of complex tears and tears that extend 
into the middle third region are evaluated on an 
individual basis. Tear patterns in this region 
include single longitudinal, double longitudinal, 
triple longitudinal, horizontal, radial, and fl ap. 
The rationale for repair of these tears is that 
removal results in essentially a total meniscec-
tomy because a substantial amount of meniscal 
tissue is resected. This is especially concerning in 
younger patients in their second to fourth decades 
of life and in all athletically active individuals. 
These tears are often reparable with reasonable 
success rates. 

 Single meniscus tears occur in a single plane, 
regardless of location. These include longitudi-
nal, radial, and horizontal tears. These tears are 
most commonly found in the posterior horn and 
are usually reparable. Complex tears occur in 
more than one plane or direction. These include 
tears in the vertical plane (double or triple longi-
tudinal), in the vertical and horizontal planes, or 
in the vertical and radial planes (fl ap tears). Each 
component of the tear is identifi ed and may or 
may not be reparable. 

 The decision for repair includes the evaluation 
of the meniscal tissue regarding its integrity and 
absence of traumatic or degenerative changes. 
The meniscal tissue should appear nearly normal, 
with no secondary tears or fragmentation that 
would affect its projected function. This is a qual-
itative assessment regarding the quality of the tis-
sue being repaired. The meniscal rim should be 
trimmed of tear fragments. A horizontal tear into 
the meniscal rim is a negative variable because it 
is diffi cult with sutures to fully restore the tear 
site owing to inner gaps between the horizontal 
tear arms. This is one indication in which a fi brin 
clot may provide a benefi t. A meniscus that has 
been displaced in the notch may shorten and con-
tract within 3–4 weeks, preventing reduction, and 
accordingly, early arthroscopy and repair are 
indicated. More specifi c recommendations of 
repair indications and techniques for specifi c 
tears are provided later in this chapter.  

22.3     Injury Mechanism 

22.3.1     Longitudinal Tears 

 Most meniscus tears are longitudinal, usually 
affecting the posterior segment of the meniscus. 
The lateral and medial menisci are equally 
affected, and complete and partial tears are seen 
with equal frequency. Because of structural dif-
ferences, bucket-handle tears are more common 
in the medial meniscus [ 13 ]. 

 The key element in the tearing of the medial 
meniscus is a rotational force on the partially 
fl exed knee. Internal rotation of the femur pushes 
the medial meniscus to the center of the knee and 
posteriorly. With a strong posterior peripheral 
attachment of the meniscus, this movement is 
prohibited. Failure of this attachment, however, 
causes the posterior part of the medial meniscus 
to get caught between femur and tibia. In this 
situation, sudden extension of the knee will cause 
a longitudinal tear of the medial meniscus. With 
suffi cient length, the central part of the tear can 
be locked behind the intercondylar notch and 
unable to return to its original position, resulting 
in a bucket-handle tear and causing acute locking 
of the knee [ 13 ].  

22.3.2     Transverse, Radial, 
or Oblique Tears  

 Transverse, radial, or oblique tears can occur in 
either meniscus but more commonly involve the 
lateral meniscus. Transverse tears occur when the 
meniscus is stretched anteroposteriorly, separat-
ing the anterior from the posterior horn. A trans-
verse tear results from the high amount of 
longitudinal stress on the middle part of the 
meniscus. The shorter radius of the lateral menis-
cus makes it more sensitive to this stress and thus 
to transverse tears. Any cause of reduction of 
meniscal mobility also adds to this stress. 

 The posterior horn of the lateral meniscus is 
stabilized by both the Wrisberg and the Humphrey 
ligament. Combined with the attachment to the 
popliteal tendon, this part of the meniscus is well 
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connected to the lateral femoral condyle,  reducing 
the risk of it getting caught in the center of the 
joint. Therefore, tears rarely start from the poste-
rior horn of the lateral meniscus. 

 A radial tear greatly reduces the functional 
ability of the meniscus, more so than does a lon-
gitudinal tear, which can be explained by the 
longitudinal orientation of its fi bers. As a conse-
quence, radial tears result in massive loss of 
force transmission, which in turn results in 
higher pressures on the center of the medial fem-
oral condyle and medial tibial plateau, eventu-
ally leading to degenerative changes in these 
areas.   

22.4     Clinical and Diagnostic 
Examination 

22.4.1     Clinical Examination 

 Before surgery, a presumptive diagnosis and a 
differential diagnosis should be established clini-
cally by history taking, physical examination, 
and plain radiographs to provide the basis for 
informed consent discussions with patients and 
to determine if special studies, such as MRI or 
arthro-CT, are required for further evaluation. 
The physical examination should be preceded by 
careful history taking. A history of sudden pain 
on hyperfl exion of the knee, catching, mechani-
cal locking, and recurrent effusions requires a 
thorough investigation. 

 Examination of the tibiofemoral joint should 
note the presence of any cystic mass (ganglion) 
along the joint line, localized tenderness, crepita-
tion, snapping, or clicking. 

 Meniscus tears occur as a result of injury to or 
degeneration of fi brocartilage. Physical examina-
tion of a knee with a torn meniscus reveals joint 
line tenderness with a palpable click or snap and 
occasionally the presence of an effusion. Range 
of motion may be limited secondary to a dis-
placed meniscus tear. A block to full extension 
may be indicative of a locked knee with a large 
displaced tear. 

22.4.1.1     Tests Commonly Used 
to Assess Meniscal Lesions 

   McMurray Test [ 14 ] 
 The McMurray test is performed with the patient 
supine. The examiner stands on the side of the 
affected knee and places one hand on the heel and 
the other along the medial aspect of the knee, 
providing a valgus force. The knee is extended 
from a fully fl exed position while internally rotat-
ing the tibia. The test is repeated while externally 
rotating the tibia. Popping and tenderness along 
the joint line indicate a positive sign (Fig.  22.3 ).   

   Apley Test [ 15 ] 
 The Apley compression test is performed with 
the patient in prone position with the knee fl exed 
to 90°. The tibia is compressed into the distal 
femur and rotated externally to assess the medial 
meniscus and internally to assess the lateral 
meniscus. The test is considered positive if it pro-
duces pain, which is less severe or relieved when 
the maneuver is repeated with distraction of the 
tibia.  

   Joint Line Palpation 
 Pain or discomfort is reproduced by palpation of 
the joint line.  

  Fig. 22.3    McMurray test        
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   Bragard Test 
 The Bragard test describes that external tibial rota-
tion and knee extension increases tenderness along 
the medial joint line in the presence of a medial 
meniscus tear. This maneuver brings the medial 
meniscus more anterior and closer to the examin-
ing fi nger, therefore eliciting more pain. Internal 
rotation and fl exion cause less tenderness by 
bringing the meniscus farther from the area of pal-
pation. In the presence of a lateral meniscus tear, 
internal rotation of the tibia and extension will 
increase tenderness along the lateral joint line, 
while fl exion and external rotation will reduce ten-
derness. If an articular surface irregularity of the 
femur or the tibia leads to tenderness, no differ-
ence between the two positions will be noted.  

   Steinman Second Test 
 The Steinmann second test demonstrates joint 
line tenderness that moves posteriorly with knee 
fl exion and anteriorly with knee extension. This 
fi nding is consistent with a meniscus tear that 
moves with range of motion of the knee. On the 
other hand, with a fi xed joint line disorder, ten-
derness should remain stationary throughout the 
range of motion. 

 The remaining tests for meniscal pathology 
depend on pain with rotation. The Apley grind 
forces the tibiofemoral surfaces together to elicit 
pain. A positive fi nding is believed to confi rm a 
meniscus tear. On the other hand, the Apley test 
is performed with the knee surfaces distracted. If 
Apley test (distraction) elicits less discomfort 
than the Apley grind (compression), the fi nding 
of a meniscus tear is favored over a fi xed joint 
line disorder. If the distraction test and compres-
sion are equally painful, an articular surface dis-
order is favored (such as an irregular surface 
secondary to osteoarthritic erosion). 

 If a medial meniscus tear is expected, the 
Bohler test can be performed by applying a varus 
stress to the knee. With a medial tear, a varus 
stress will result in increased pain caused by 
compression. Duck walking increases the com-
pressive force on the posterior horns of the 
menisci, thus causing pain in the presence of a 
posterior meniscus tear. 

 A single clinical test is not suffi cient to estab-
lish a correct diagnosis. Diagnostic accuracy is 
improved if the results of the three tests are com-
bined. Generally, all clinical tests tend to be less 
reliable in the presence of concomitant ligamen-
tous injury. Furthermore, physical examination is 
less accurate in patients with degenerative tears 
than in young patients with acute injuries [ 16 ].    

22.4.2     Diagnostic Examination 

 Accurate imaging of the meniscus is essential to 
evaluate the damaged area and to select the most 
appropriate treatment. Similarly, in the postoper-
ative meniscus, imaging is important for treat-
ment, follow-up, and identifi cation of any further 
injury. A number of factors have to be considered 
when selecting the most appropriate imaging 
technique. 

 Although the meniscus is not visible on  stan-
dard radiographs , full-leg radiographs taken in a 
standing position are useful for the evaluation of 
knee alignment. Varus or valgus deviation results 
in abnormal pressure on the medial or lateral 
meniscus, which can lead to early degeneration 
and subsequent tearing of the meniscus. In a pre-
operative setting, meniscal transplantation is not 
indicated in knees with signifi cant malalignment 
because the articular cartilage is usually com-
pletely degraded. Plain radiographs can also 
detect other indicators of meniscal lesions, 
including joint space narrowing and generalized 
degenerative changes of the femorotibial joint. 
Radiographic images taken before contrast injec-
tion can help distinguish between a tear and 
chondrocalcinosis, a pitfall on both CT and MR 
imaging. 

 A  CT  scan without a previous intra-articular 
iodinated contrast injection is no longer consid-
ered a good practice. CT arthrography and MR 
imaging have a similar level of accuracy when 
used for the detection of meniscus tears [ 17 ,  18 ]. 
CT arthrography is used less frequently than  MR  
imaging because the technique is more invasive 
and involves the use of ionizing radiation. CT 
arthrography is, nonetheless, a valuable  alternative 
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when MR imaging is not available, in the pres-
ence of orthopedic hardware or in patients with 
contraindications for MR imaging. It is also indi-
cated for the evaluation of repaired menisci, for 
largely the same reasons as MR arthrography. 

 MR imaging of the meniscus is highly effective 
and is the primary technique for evaluating inter-
nal derangements of the knee [ 19 ]. The technique 
is noninvasive and has a high level of accuracy in 
the detection of meniscal lesions (Fig.  22.4 ).  

 The sensitivity and specifi city for the detec-
tion of medial meniscus tears are both estimated 
to be approximately 90 %. The same applies to 
the specifi city for lateral meniscus tears, but here 
the sensitivity is lower (approximately 80 %). 

 The accuracy of detecting meniscal lesions in 
a nonoperated or postoperative knee is not sig-
nifi cantly improved by using direct or indirect 
MR arthrography [ 20 ]. However, direct MR 
arthrography is useful after meniscus repair.  

22.4.3     Arthroscopy 

 Arthroscopy is not part of the diagnostic meth-
ods, but allows to confi rm or adjust a diagnosis 

based on history, physical examination, and 
imaging techniques. It permits the surgeon to 
defi ne the exact size of the lesion and to identify 
other lesions. Arthroscopy has entirely replaced 
open surgery for the treatment of meniscus tears.   

22.5     Treatment Strategy 

 The fi rst goal always is to preserve as much viable 
tissue as possible. Other factors are location, 
length, tear pattern, stability of the tear, and any 
damage to the integrity of the meniscus body [ 21 ]. 

 When conservative management is not feasi-
ble, arthroscopy is the method of choice for the 
treatment of a traumatic meniscus tear. It is 
essential to inform the patient about the postop-
erative consequences of the chosen treatment, 
with the rehabilitation period being short for 
meniscectomy, but much longer after repair. The 
fi nal decision is always based on the intraopera-
tive fi ndings at arthroscopy, taking into account 
all of the previous parameters [ 22 ]. 

22.5.1     Conservative Treatment: 
Masterly Neglect 

 After diagnosing a meniscus tear, the fi rst deci-
sion the surgeon has to make is whether it should 
be treated surgically or left alone. 

 Cascells [ 23 ] showed that not all meniscus 
tears cause clinical symptoms. 

 Tears that surgeons should consider leaving 
alone are partial-thickness split tears and full- 
thickness but short (5 mm or less) vertical or 
oblique tears, if the inner portion of the meniscus 
is stable with probing. This also applies to short 
(5 mm or less) radial tears. Some smaller lesions 
can be treated conservatively, especially when 
the patient does not perform strenuous physical 
activities [ 22 ]. 

 Short inner radial tears (<5 mm) usually do 
not heal, but can be left alone because they may 
be asymptomatic [ 23 ]. Stable tears, defi ned as 
tears in which the central portion cannot be dis-
placed more than 3 mm [ 23 ], can be left alone if 
they are less than 1 cm in length. Stable 

  Fig. 22.4    Sagittal MRI image shows meniscus tear       
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 longitudinal tears in the peripheral two-thirds 
often can be left alone, particularly if they are 
less than 5 mm in length. The same applies to less 
than 5 mm long partial-thickness tears of various 
types (especially longitudinal) [ 22 ]. 

 Therefore, it is essential that the surgery be 
performed by the same surgeon who has diag-
nosed the lesion and has suggested the indication 
for surgery [ 22 ].  

22.5.2     Surgical Treatment 

 Symptomatic lesions in the avascular zone of the 
meniscus should be treated with meniscectomy 
(Fig.  22.5 ) [ 24 ].  

22.5.2.1     (Sub)Total or Partial 
Meniscectomy 

 In the early days of meniscal surgery, little atten-
tion was paid to the preservation of healthy menis-
cal tissue. A tear in the meniscus was generally 
treated by total or subtotal meniscectomy. In 
1948, Fairbank was the fi rst to describe radiologi-
cal changes in the knee following total meniscec-
tomy, now known as Fairbank’s changes 
(fl attening of the femoral condyles, formation of 
peripheral ridges, and joint space narrowing) [ 24 ]. 

 Roos et al. [ 25 ] compared knees of 123 
patients who had undergone open total meniscec-
tomy 21 years earlier, with normal knees of 
matched controls. They concluded that menis-
cectomy represented a signifi cant risk factor for 
radiographic osteoarthritis of the knee, with the 
later appearance of degenerative changes being 
14 times more likely in meniscectomized knees 
than in uninjured knees. 

 Literature reports had already shown the supe-
riority of adequate partial resection of the menis-
cus to total meniscectomy [ 26 ,  27 ]. These 
fi ndings initiated a mentality change, and sur-
geons, nowadays, always try to preserve as much 
meniscal tissue as possible [ 28 ]. 

 When faced with a torn meniscus, the question 
arises whether the damaged tissue can be 
repaired. In the last two decades, different tech-
niques have been developed to repair some, not 
all, meniscus tears. In the early days, meniscus 
tears were repaired during an open procedure. 
Currently, arthroscopy is generally accepted to be 
the method of choice for repairing a meniscal 
lesion. The arthroscopic management strategies 
can be divided into three groups: the inside–out 
technique, the outside–in technique, and the all- 
inside technique    

22.6     Suitability and Indications 
for Repair 

 A thorough knowledge of the meniscus tear is 
necessary to determine its suitability for repair. 

 Besides the physical examination and the 
presence of associated lesions, the location is a 
critical factor. Only the peripheral third of the 
meniscus is suffi ciently vascularized. DeHaven 
[ 21 ] considered tears within the peripheral third 
(3 mm) as vascular, 5 mm from the periphery as 
avascular, and between 3 and 5 mm as variable in 
vascularity. Current techniques allow some tears 
of the central and middle third to be repaired. 

 A more than 1 cm long tear in the vascular 
zone of the meniscus is an excellent indication 
for repair by suture [ 29 ]. 

 The pattern, length, and stability of the tear 
are also important. With intact circumferential 

  Fig. 22.5    Partial meniscectomy: tear in meniscus and 
area of resection       
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hoop fi bers, the chance of healing is greater. In 
general, radial tears are less amenable to repair. 
Complex bucket-handle tears with radial compo-
nents, often seen in chronic cases, have more dif-
fi culty healing with repair than simple 
bucket-handle tears. The same applies to oblique 
and horizontal tears. Longitudinal (vertical) tears 
in the periphery are most amenable to repair [ 30 ]. 

 Any signifi cant injury to the meniscus body, 
such as a complex tear, multiple cleavage tears, or 
change in the body contour, may compromise 
repair. Often, the structural integrity of the meniscus 
is damaged and vascularity may be impaired [ 21 ]. 

 Some authors have reported better healing of 
acute vs. chronic tears [ 31 ].  

22.7     Meniscal Grafts 
and Substitutes 

 When a symptomatic meniscal lesion can neither 
be repaired nor left untreated, the possibility of 
its replacement with either a graft or a synthetic 
substitute can be considered in association with 
ligament reconstruction. 

 The use of cryopreserved [ 32 ,  33 ] or viable 
[ 34 ] allografts has already been proposed with 
encouraging results. However, the results of these 
retrospective studies do not allow to confi rm that 
meniscal substitution compensates the negative 
effects of meniscectomy associated with ACL 
reconstruction on the evolution of the joint. 

 Meniscus repair was fi rst reported by 
Annandale [ 35 ], but it was not widely performed 
and sank into oblivion. Like other procedures in 
knee surgery, meniscus repair has benefi ted from 
advances in arthroscopy. 

 Arthroscopic techniques include inside–out, 
outside–in, and all-inside repairs [ 32 ,  36 ]. The 
fi rst two techniques require the passage of suture 
through the skin, which exposes the patient to 
neurovascular complications. In the 1990s, vari-
ous implants were introduced and these proce-
dures became technically less demanding. 

 When meniscus repair is carried out under 
arthroscopic visualization, some common steps, 
which are independent of the technique, have to 
be followed. 

 Access to the posterior part of the medial 
meniscus is achieved by holding the knee in 
slight fl exion and applying valgus stress. 

 Although imaging techniques can be helpful, 
the characteristics of a tear are best assessed 
arthroscopically. The fi nal treatment decision is 
made at the time of arthroscopy. The type (verti-
cal longitudinal, horizontal, radial, complex) and 
length of the tear are determined, and the distance 
from the meniscosynovial junction is measured 
using a probe. A short tear of 1–2 cm has a better 
chance of healing. 

 The peripheral 20–30 % of the medial menis-
cus is vascularized. 

 The location of the tear has been classifi ed 
into zones, according to Arnoczky and Warren 
[ 37 ]. Zone 0 represents the peripheral meniscosy-
novial junction, zone 1 the red–red zone, zone 2 
the red–white zone, and zone 3 the white–white 
zone. De Haven considered meniscus tears within 
3 mm of the periphery as vascular, those 5 mm or 
more from the periphery as avascular, and 
between 3 and 5 mm as variably vascular [ 61 ]. 
Tears in the red–red and the red–white zone are 
amenable to repair. Meniscus repair for tears in 
the white–white zone has poor healing potential. 

 The macroscopic aspect of the meniscal tissue 
is assessed (normal or degenerative). 

 Finally, the meniscus is prepared. If a dislo-
cated bucket-handle tear is present, it is reduced 
into its anatomic position. 

 In summary, the ideal candidate for meniscus 
repair is a young patient with a recent vertical 
tear within 3–4 mm of the peripheral rim and 
1–2 cm in length, in a stable or stabilized knee.  

22.8     Debridement 

 In case of a bucket-handle tear, the reducibility 
has to be assessed. An old bucket-handle tear can 
develop plastic shrinkage, leading to redisloca-
tion after reduction. The tensile forces are so 
important that they may compromise the fi xation, 
regardless of the device implanted, and decrease 
the chance of healing. 

 For large bucket-handle tears, passing the 
probe through a transtendinous Gillquist portal 
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permits to hold the inner segment in the proper 
position. Then, the tear can be fi xed with the 
devices.  

22.9     Technique 

22.9.1     First Generation: Open 
Technique 

 The fi rst-generation repairs involve an open pro-
cedure [ 35 ]. Open meniscus repair has been well 
described by DeHaven et al. [ 38 ] and requires an 
arthrotomy using a retroligamentous approach. 
The capsule is incised posterior to the collateral 
ligament, and the synovium is opened to give 
direct access to the posterior segment of the 
meniscus and the tear, provided that it is a verti-
cal peripheral longitudinal tear. In case of a hori-
zontal tear, the meniscosynovial rim needs to be 
dissected in order to expose the peripheral menis-
cal rim and the horizontal cleavage. 

 The repair is performed with vertically ori-
ented, absorbable 4–0 sutures, incorporating the 
entire height of the meniscal rim and the capsular 
bed in an anatomic fashion. The individual 
sutures are placed 2–3 mm apart, beginning with 
the deepest or more centrally located suture. The 
repair sutures are tied inside the joint to reap-
proximate the capsular bed to the meniscal rim. 
Then, the knee is tested in full extension. 

 Variations of this technique involve vertically 
oriented sutures placed through the capsule and 
tied outside the joint, horizontally oriented 
sutures placed through the capsule and tied out-
side the joint, and the use of absorbable or nonab-
sorbable suture material. 

 This approach gives good access to the poste-
rior and middle meniscal segments, but is much 
more diffi cult on the lateral side, due to the pres-
ence of the popliteus tendon. Open repair of the 
anterior segment (especially on the lateral side) 
requires an anterior approach. 

 The ability to achieve a strong fi xation is the 
main advantage of this technique, which is suitable 
for lesions within 3 mm from the peripheral rim.  

 To remove the fi brous tissue, the walls of 
the tear are debrided using a basket punch, a 

rasp, or a shaver. Freshening must essentially 
be done on the outer part of the meniscus in 
order to promote the healing response and to 
preserve meniscal tissue in the inner part. In 
some cases, multiple perforations can be made 
with a needle in the meniscal rim to stimulate 
the bleeding through vascular channels. 
Debridement of the medial posterior segment 
can be diffi cult. The use of a posterior portal 
improves the accuracy of the abrasion, as pro-
posed by Pujol et al. [ 39 ].  

22.9.2     Fixation 

 Whatever the device and location of the meniscus 
tear (medial or lateral), the implants or the sutures 
are routinely inserted through the ipsilateral por-
tal for the posterior segment and the contralateral 
portal for the middle segment. Suffi cient sutures 
or devices need to be placed to avoid gaps of 
more than 3–5 mm. When using sutures, these 
should be nonabsorbable (such as Ethibond) or 
slowly absorbable (such as PDS). 

 Vertical longitudinal tears in the red–white 
zone (3–5 mm from the peripheral rim) are diffi -
cult to access through the posterior approach. In 
our opinion, this is the only suitable technique to 
repair horizontal cleavage tears. 

 The main disadvantage is the risk of neural 
damage to the saphenous nerve or its branches.  

22.9.3     Second Generation: 
Arthroscopically Assisted 
Inside–Out or Outside–In 
Technique 

 The second-generation repairs are based on an 
arthroscopically assisted inside–out or outside–in 
technique. The goal is to reduce the morbidity 
associated with the posterior approach and to be 
able to repair meniscal lesions located in the red–
white zone. 

22.9.3.1     Inside–Out Meniscus Repair 
 Several systems have been developed using long 
curved single- or double-barrel cannulas. 
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Absorbable or nonabsorbable 2-0 or 0 sutures are 
passed from inside to outside, using long fl exible 
needles. Either horizontal or vertical mattress 
stitches can be done. The sutures are retrieved 
through an extra-articular posteromedial inci-
sion. The posterior neurovascular structures are 
protected with a large retractor. The knots are tied 
outside the joint over the capsule (Fig.  22.6 ).  

 As with the open technique, the main disad-
vantage is the risk of neurovascular complica-
tions. The saphenous nerve and vein are at risk on 
the medial side. The incision must be made 
behind the medial collateral ligament.  

22.9.3.2     Outside–In Meniscus Repair 
 In 1985, Warren [ 40 ] introduced an outside–in 
technique that was initially designed to decrease 
the risk of peroneal nerve entrapment on the lat-
eral side. A cannulated 18-gauge spinal needle is 
passed across the tear from the outside–in. Once 
the sharp tip of the needle is in view, the suture 
(monofi lament absorbable 0-gauge PDS) is 
passed through the lumen of the needle and 
pulled through the arthroscopic ipsilateral portal. 
An interference knot is tied in the end of the 
suture and the suture is pulled back. The process 
is repeated and the free ends are tied two by two 
over the capsule through an accessory skin inci-
sion until the tear is stabilized. Sutures may be 

placed alternately on the femoral and tibial sur-
face of the meniscus in order to balance the repair 
(Fig.  22.7 ).  

 The interference knot inside the joint can be 
avoided by passing the fi rst suture through the sec-
ond one tied as a lasso loop. The second suture is 
pulled back. The two ends of the fi rst suture are 
retrieved outside the joint and tied over the capsule. 

 The inside–out and outside–in techniques are 
complementary. The fi rst one is mainly indicated 
for posterior and middle segment repairs, while 
the second allows satisfactory access to the ante-
rior segment of the meniscus. 

 Both techniques can be associated to repair 
extended longitudinal lesions.   

22.9.4     Third Generation: Devices 

 Specifi c implants have been designed to replace 
the use of sutures and to allow all-inside menis-
cus repairs without the need for accessory skin 
incisions [ 41 ]. Staples, tacks, anchors, screws, 
etc. have been proposed. Most of the devices are 
bioabsorbable and composed of rigid poly-l- 
lactic acid (PLLA). 

 Albrecht-Olsen et al. were the fi rst to present 
an all-inside procedure using a bioabsorbable 
tack, the Biofi x meniscal arrow (Bioscience Ltd., 

  Fig. 22.6    Meniscus repair using the inside–out technique 
with a double-barrel cannula         Fig. 22.7    Outside–in meniscus repair. The suture is 

passed through the needle and retrieved inside the joint       
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Tampere, Finland). The implant consists of a 
T-shaped arrow with barbs on the stem, resem-
bling a fi shing hook. The barbed stem penetrates 
the meniscus, and its distal part is fi xed in the 
peripheral part of the meniscus, while the T-head 
of the arrow is applied to the axial part of the 
meniscus, usually the upper surface. 

 An accessory incision being not needed and a 
lower risk of neurovascular complications are the 
advantages of this technique. Moreover, this 
technique is fast and easily performed. 

 The disadvantages are the lower strength of the 
arrows compared to vertical sutures [ 6 ,  19 ] and the 
risk of loose bodies, synovitis, cysts, and cartilage 
abrasion due to the head of the device at the sur-
face of the meniscus [ 3 ,  11 ,  20 ,  42 ]. Low- profi le 
heads have been proposed to decrease this risk.  

22.9.5     Fourth Generation: All-Inside 
Technique with Sutures 

 The newest devices are self-adjusting suture 
devices, combining the advantages of all-inside 
meniscus repair (no accessory incision, lower neu-
ral complication rate) with those of suture (better 
strength). They are based on the same principles: 
an anchor is positioned behind the capsule, and a 
suture compresses and holds the axial meniscal 
part by using a sliding knot. These implants share 
the potential ability to deform and move with the 
meniscus during weight bearing and carry a lower 
risk of chondral abrasion. The three devices in this 
category are the RapidLoc (DePuy Mitek Products, 
Westwood, MA), the FasT-Fix (Smith and Nephew 
Endoscopy, Andover, MA) and, more recently, the 
Meniscal Cinch (Arthrex, Naples, FL) (Fig.  22.8 ).    

22.10     Rehabilitation and Return 
to Play 

22.10.1     Rehabilitation After 
Meniscectomy 

 Supervised rehabilitation after partial arthroscopic 
meniscectomy is frequently considered as 
 nonessential because, usually, patients rapidly 

regain functional autonomy without specifi c post-
operative treatment. However, quantitative evalua-
tions of knee function after arthroscopic 
meniscectomy have shown recovery to be still 
incomplete 4–8 weeks after surgery, when the 
majority of patients already have resumed work 
and sports-related or other functional activities [ 42 , 
 43 ]. Abnormalities in leg movements and muscle 
activations during submaximal locomotor activities 
such as gait and stairs ascent and descent have been 
observed up to 4 weeks postsurgery. At 8 weeks, 
patients often still walk and descend stairs at a 
slower pace, suggesting that complete locomotor 
recovery has not been attained [ 44 ]. In addition, 
strength evaluations have revealed residual defi cits 
of 20–40 % in the knee extensor muscles and of up 
to 20 % in the knee fl exor muscles, 3 weeks after 
partial arthroscopic meniscectomy [ 42 ]. 

 Since a 10 % residual strength defi cit of the 
extensor and fl exor muscles has been associated 
to a higher frequency of knee (re)injury, it can be 
stated that progressive neuromuscular reeduca-
tion and strengthening of the knee after partial 
meniscectomy are warranted. Moffet et al. have 
demonstrated that an early, intensive, supervised 
physiotherapy program, applied in the fi rst 3 
weeks after arthroscopic meniscectomy, acceler-
ates knee extensor strength recovery. 

22.10.1.1     Rehabilitation Protocol 
 Supervised rehabilitation after partial meniscec-
tomy can generally progress as tolerated by the 
patient with no substantial contraindications or 
limitations. The main goals of rehabilitation are 
to control the pain and swelling associated with 
surgery, restore the range of motion (ROM), 
restore or maintain isolated muscle function, and 
optimize lower extremity neuromuscular coordi-
nation and muscle strength [ 45 ].  

22.10.1.2     Early Postoperative 
Rehabilitation Phase 

 Immediate weight-bearing is allowed as tolerated 
by the patient. Crutches are advised during the 
fi rst few days after surgery and can be abandoned 
when the patient is able to place full weight on 
the involved leg without pain and has good con-
trol over the quadriceps muscle. 
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 Postoperative treatment should initially focus 
on the reduction of pain and swelling, which may 
be present to a greater or lesser degree at the 
operated knee and are normal reactions of the 
affected tissue to the operation. 

 Reduction of pain and swelling is imperative 
for reducing “refl ex inhibition,” which may be 
present at the operated knee. “Refl ex inhibition” 
represents a signal which is sent from an injured 
joint to the surrounding muscles in response to 
pain and joint effusion and which results in the 
inhibition of these muscles. This inhibition pre-
vents the injured, weakened joint from being 
more damaged by excessive pressure in the joint 
caused by a strong contraction of the surrounding 
muscles. Hence, refl ex inhibition acts as a natural 

protective mechanism of the body. As a result of 
refl ex inhibition, however, the muscles surround-
ing the affected joint rapidly lose their strength, 
especially those that have their insertion closest 
to the joint, such as the vastus medialis muscle. In 
addition, the inhibition of the muscles limits their 
response to strengthening exercises [ 46 ]. 

 Rapid reduction of pain and swelling is, there-
fore, an essential goal during the fi rst postopera-
tive week because strengthening of the muscles 
surrounding the knee cannot be initiated until 
refl ex inhibition is resolved. 

 Initially, pain and swelling can be reduced by 
frequent application of ice (every 2 h for 30 min) 
and activity reduction. In addition, frequent (high 
repetitions) low-resistance active and passive 

  Fig. 22.8    FasT-Fix meniscus repair. ( a ) Insertion of the 
fi rst implant with the needle. ( b ) The needle is positioned 
in front of the inner part of the meniscus. ( c ) The second 

implant is passed through the capsule. ( d ) Tensioning of 
the suture using the knot pusher       
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movements (e.g., pendulum motions) within the 
pain-free ROM of the knee enhance the nutrition 
of the joint cartilage, and thus, stimulate joint 
recovery. 

 Progressive active and passive ROM exercises 
of the knee can be started immediately postsur-
gery within the pain limits. Examples of such 
exercises are heel slides, fl exion–extension exer-
cises while standing with the involved leg on a 
chair or bench, stationary cycling, and manual 
ranging of the knee joint. Deep squats are not 
allowed in the fi rst 4 weeks following the opera-
tion to avoid excessive load on the healing 
meniscus. 

 The presence of refl ex inhibition also causes a 
disruption of the neuromuscular coordination at 
the knee [ 47 ]. Because of the effects of refl ex 
inhibition, the initial primary focus of muscle 
rehabilitation is not strengthening of the muscu-
lature surrounding the knee but improving the 
neuromuscular control of the muscles and the 
proprioception of the knee. 

 The neuromuscular coordination of the quad-
riceps muscle can initially be improved by per-
forming muscle-setting exercises. The patient, 
lying in a supine position, is asked to perform an 
isolated isometric contraction of the quadriceps 
muscle in various knee angle positions. Setting 
exercises of the quadriceps muscle are, however, 
not recommended with the knee in full extension 
because this might cause impingement of the 
knee capsule. Eventually, the patient should be 
capable to maintain the isometric muscle con-
traction for 10 s. Patients are advised to daily per-
form ten series of ten repetitions until they regain 
full control of the quadriceps muscle in supine 
position, after which they can perform the setting 
exercises in more functional, weight-bearing 
positions such as sitting and standing. 

 Co-contractions of the quadriceps and ham-
string muscles in different positions (lying, sit-
ting, and standing) at various knee angles are also 
essential components of the rehabilitation pro-
gram, because they play an important role in ante-
rior–posterior stability of the knee. 

 Proprioceptive exercises are essential to 
improve the functional stability of the knee joint. 
They can be started immediately after the 

 operation, proceeding from exercises in a lesser 
weight-bearing position (e.g., repositioning 
exercises, exercises in lying position) to exer-
cises in more weight-bearing positions (e.g., uni-
lateral balance exercises on a stable/unstable 
surface) to optimally facilitate the propriocep-
tive receptors.  

22.10.1.3     Second Phase 
 Once the patient has regained good control of the 
muscles surrounding the knee, muscle strength-
ening exercises can be initiated. Optimizing 
quadriceps strength is especially important 
since, in addition to providing functional joint 
stability, the quadriceps musculature also has a 
protective function, serving as shock absorber 
capable of dampening loads during activity. Poor 
quadriceps strength decreases this shock-absorb-
ing function and results in increased loading of 
the meniscus [ 47 ]. 

 A combination of open kinetic chain (OKC) 
and closed kinetic chain (CKC) exercises can be 
used to improve upper leg muscle strength, but 
the latter become more important with time 
because they are more functional for the lower 
limb. 

 Depending on how much weight the patient 
can tolerate on the involved knee, CKC exercises 
are initially carried out with partial weight- 
bearing and then progressively with full weight- 
bearing. The progression in exercise intensity is 
guided by the amount of pain and effusion the 
patient experiences at the knee during or after the 
exercise and can be increased when there is no 
marked reaction of the knee to the exercise. The 
intensity of the exercises has to be modifi ed so 
that they can be performed within the pain limits. 
Examples of CKC exercises that can be per-
formed are leg press exercises, squats, forward 
and sideways lunges, and step exercises. 

 As soon as patients can tolerate full weight- 
bearing on the involved knee, CKC exercises 
with the patients’ own body weight as load can be 
started at a frequency of three series of 10–12 
repetitions. When these can comfortably be per-
formed, the number of repetitions can progres-
sively be increased to four series of 30 repetitions 
to enhance muscle endurance. 
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 Subsequently, the intensity of the exercises 
can be increased by increasing the load. The 
number of repetitions is then initially reduced to 
three series of 15 repetitions and can progres-
sively be increased again to four series of 20 rep-
etitions. When there is no negative reaction (pain 
or effusion) of the knee joint to the intensity of 
the exercises, loading can be increased to 
60–70 % of one repetition maximum (1RM) at a 
frequency of three series of 15 repetitions and 
eventually to 80 % of 1RM in a series of 8–12 
repetitions.  

22.10.1.4     Third Phase 
 Functional activities, rotational activities, jumps, 
running, and sport-specifi c exercises can be inte-
grated in the rehabilitation program 3–4 weeks 
after surgery. 

 Patients are generally able to return to work 
after 1–2 weeks and to resume sports activities 
and training by 3–4 weeks following the opera-
tion [ 48 ].   

22.10.2     Rehabilitation After 
Meniscus Repair 

 In the treatment of meniscus injuries, preserva-
tion of the meniscus has become a major priority. 
Consequently, contemporary meniscal surgery is 
aimed at retaining the structure and function of 
the meniscus whenever possible. The shift in 
focus from meniscectomy to meniscus repair 
noted in the last decade has entailed a change in 
the rehabilitation protocol because the fi nest sur-
gical technique can be fraught with frustration if 
rehabilitation is inadequate or incomplete. 

 In an attempt to protect the repaired meniscus, 
a signifi cantly less aggressive approach should be 
used in the postoperative management and reha-
bilitation than when meniscectomy has been per-
formed. In one of the fi rst landmark papers 
concerning postoperative care after meniscus 
repair, authors advocated immobilization of the 
knee in 30° of fl exion and no weight-bearing dur-
ing the fi rst two postoperative months. In the fol-
lowing years, other rehabilitation protocols were 
described, and it is probably the poorly  understood 

healing rate of meniscus repair that has led sur-
geons to suggest various restrictions. Full weight-
bearing is postponed for various amounts of time 
(from 8 to 3 weeks) or is allowed immediately. A 
similar disagreement is found with regard to the 
ROM and the return to sports activities. 

 Despite the confl icting reports in the litera-
ture, clinicians and researchers all agree about 
the time-honored principles of aftercare for 
meniscus repair. These include a period of maxi-
mum protection to provide the best opportunity 
for healing to occur, followed by a period of con-
tinuing restriction from potentially harmful 
stresses while the healing process undergoes 
maturation and becomes suffi ciently strong to 
resist re-rupture under heavy stress. 

 Simply stated, the rehabilitation program after 
meniscus repair needs to consider when to allow 
motion, weight-bearing and resumption of 
 activities. In order to answer these questions, we 
need to know how these activities infl uence the 
healing meniscus. 

22.10.2.1     Healing of the Meniscus 

   Healing Rate After Meniscus Repair 
 The key question is how long it takes for a menis-
cus to heal and how strong the healed tissue is. 
Roeddecker et al. [ 49 ] showed in rabbits that 12 
weeks post-repair, the energy required to tear the 
suture-repaired meniscus was 23 % of the energy 
required to tear a normal meniscus. This suggests 
that even after 12 weeks, a repaired meniscus is 
still signifi cantly weaker than a healthy menis-
cus. In contrast to this, other experimental studies 
showed that lesions of the vascular portion of the 
meniscus heal completely after 10 weeks and that 
it takes several months for fi brocartilage to regain 
a normal appearance [ 50 ]. Four to fi ve weeks are 
usually required for early histological evidence 
of meniscus repair.  

   Extrinsic Factors Infl uencing Meniscus 
Healing After Meniscus Repair 

   Immobilization 
 Studies have shown decreased collagen content 
in meniscus repairs subjected to prolonged 
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immobilization [ 51 ]. These fi ndings encourage 
early ROM exercises after meniscus repair. In 
addition, it has been demonstrated that a rehabili-
tation program implementing immediate knee 
motion from the fi rst postoperative day after 
meniscus repair (with or without anterior cruciate 
ligament (ACL) reconstruction) is not deleterious 
to the healing meniscal tissue [ 52 ]. As a result, 
most postoperative rehabilitation protocols now 
allow immediate mobilization.  

   Weight-bearing 
 Restricted weight-bearing and limited ROM are 
common in an attempt to avoid undue forces 
which could impair meniscal healing. However, 
Staerke et al. [ 53 ] showed that compression of 
the meniscus can substantially increase the pull-
out resistance of meniscus repair implants and, 
thus, does not seem to negatively infl uence the 
stability of the repair. On the basis of their results, 
these authors rather support early weight- bearing, 
although some caution is warranted while draw-
ing clinical implications from ex vivo studies. 
Moreover, these results are in agreement with the 
fact that the hoop stresses caused by weight- 
bearing are primarily absorbed at the periphery 
of the meniscus. In addition, it was shown that 
immobilization and non-weight-bearing did not 
improve meniscal healing in sheep and rabbits 
after suture repair in the avascular and vascular 
zone [ 54 ]. 

 In conclusion, there is very little evidence 
showing that weight-bearing alone causes signifi -
cant distension forces on a meniscal lesion. 
However, scientifi c evidence proving the opposite 
is also rather scarce. As a result, it is not very sur-
prising that no consensus has yet been reached in 
this respect. Many authors do not allow immedi-
ate postoperative weight-bearing, while others do.   

   Intrinsic Factors Infl uencing Meniscus 
Healing After Meniscus Repair 
 Intrinsic key factors in meniscus repair include 
(a) vascular supply (determined by age and local-
ization of the tear); (b) suture fi xation, which can 
lead to early failure if too vigorous a program is 
initiated; (c) anatomical site of the tear (anterior, 
posterior, medial, or lateral); (d) tear size and 

type; and, fi nally, (e) other intra-articular 
disorders. 

 Therefore, it seems evident that a rehabilita-
tion protocol after meniscus repair should take 
these intrinsic factors into account and, accord-
ingly, provide for some variations. For example, 
peripheral repairs heal rapidly, whereas complex 
tears extending into the central avascular region 
heal more slowly and require greater caution. 
Radial repairs must be especially protected, as 
excessive weight-bearing in an early postopera-
tive stage can disrupt the repair site. A higher rate 
of failure of tears has been observed in the medial 
versus the lateral meniscus (30–45 vs. 16–20 %). 
Tears longer than 4 cm had a 59 % failure rate, 
which dropped to 15 % for tears smaller than 
2 cm [ 55 ]. In addition, modifi cations may be 
required if signifi cant articular cartilage 
 deterioration is present. Obviously, this might 
affect the design of an exercise program.    

22.10.3     Protocol 

22.10.3.1     Conventional Rehabilitation 
Protocol 

 In most of today’s conventional protocols, 
weight-bearing is not allowed the fi rst 3–4 weeks. 
A 4-week period of restricted ROM (until 90°) is 
recommended. Controlled knee extensor–fl exor 
strengthening exercises in an OKC are initiated 
after 2–3 weeks and in a CKC after 4–5 weeks. 
Stationary cycling is allowed at 2 months. Since 
backward pedalling offers lower tibiofemoral 
compressive loads compared to normal forward 
pedalling, we suggest that backward pedalling be 
started 2 weeks earlier. Return to light work and 
running are allowed at 5–6 months. Full partici-
pation in pivoting sports is deferred until 9–12 
months postoperatively [ 56 ,  57 ].  

22.10.3.2     Accelerated Rehabilitation 
Protocol 

 An accelerated rehabilitation program after menis-
cus repair includes immediate full weight- bearing 
as tolerated. Patients are allowed to actively move 
their knees within the pain-free ROM immediately 
after surgery. Progressive early motion is permit-
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ted as the swelling decreases. Forced knee fl exion 
should be avoided, especially if effusion or soft-
tissue swelling is present. Loaded knee fl exion 
should not exceed 90° for the fi rst 6 weeks. 
Unloaded ROM from 0° to 90° is allowed from the 
fi rst postoperative day, with fl exion advanced to 
120° by the third to fourth week. Full knee fl exion 
is permitted after 6 weeks. Caution is used to avoid 
hyperextension in individuals who have had ante-
rior-horn meniscus repairs. 

 OKC strengthening exercises are allowed 
after the fi rst postoperative week and CKC 
strengthening exercises from the fi fth postopera-
tive week. Low-resistance stationary cycling and 
swimming are allowed at 6 weeks. When effu-
sion is absent, full extension, full fl exion, and 
straight-ahead jogging are permitted 4–5 months 
postsurgery. Patients are allowed to return to piv-
oting sports when there is no pain, swelling, or 
reduced motion despite running and agility train-
ing (5–7 months postsurgery) [ 58 ]. 

 Based on clinical, MRI, and arthroscopic evalu-
ations, several authors reported an 80 % success 
rate after an aggressive rehabilitation program [ 59 ]. 
These results are consistent with those reported 
after nonaggressive rehabilitation. Although these 
studies have documented an equal success rate, no 
randomized control trials have been performed to 
compare these two rehabilitation protocols.  

22.10.3.3     Individualized 
Rehabilitation Protocol 

 We suggest, together with other authors [ 60 ], to 
avoid using a “cookbook” (conventional or accel-
erated) protocol but rather recommend an indi-
vidualized program based on the patient’s 
intrinsic key factors infl uencing the healing of the 
meniscus (vascular supply, suture fi xation, ana-
tomical site of the tear, tear size and type, and 
other intra-articular disorders). 

 The therapist needs to thoroughly evaluate the 
patient to implement the appropriate protocol. 
The individualized program will be a mixture of 
elements from the conventional program and the 
accelerated program, depending on the patient’s 
intrinsic risk factors. If more than two risk factors 
are present (e.g., large tear of the medial menis-
cus), the individualized program will be similar to 

the conventional program. In contrast, if less than 
two risk factors are present, the individualized 
program will largely correspond to the acceler-
ated program. The initial goal of this individual-
ized program is to prevent excessive 
weight-bearing forces. The limitation is designed 
to control high compressive and shear forces that 
could disrupt the healing meniscus repair. The 
supervised physical therapy program is supple-
mented with home exercises performed on a daily 
basis. Patients are warned that an early return to 
strenuous activities, including impact loading, 
jogging, deep knee fl exion, or pivoting, carries a 
defi nite risk of a repeat meniscus tear. This is par-
ticularly true in the fi rst 4–6 months postopera-
tively, where full fl exion or  deep- squatting 
activities may disrupt the healing repair sites.    

    Conclusion 

 Saving the meniscus, especially in young 
patients, to decrease the risk of secondary 
osteoarthritis is challenging. Meniscus repair 
techniques are well established and allow sur-
geons to address tears of different complexity 
and location. There exists no universal tech-
nique, but rather several techniques which are 
adapted to different indications. 

 Even if all-inside fourth-generation devices 
are now the gold standard in the majority of 
cases, inside–out, outside–in, and even open 
techniques are still indicated in selected cases. 
The ultimate goal is to achieve a strong repair. 

 In the future, the next step will be biological 
meniscus repair by introducing factors such as 
stem cells, growth factors, or cytokines at the 
site of the repair to enhance healing. These can 
be regarded as biological mediators, which 
regulate key processes in tissue repair (cell pro-
liferation, directed cell migration, cell differen-
tiation, and extracellular matrix synthesis).     
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23.1            Introduction 

 Anterior knee pain (AKP) is a common com-
plaint of football players. Although many may 
still play while affected, it can pose signifi cant 
disability and demand temporary withdrawal 
from sport. The complex interplay of factors 
involved in its genesis, the poorly understood 
mechanism of pain generation, and the heteroge-
neous literature regarding this disorder create 
several obstacles to the adequate management of 
this frequent and poorly known pathology. A 
pragmatic approach is therefore essential to man-
age patients with anterior knee pain. For the pur-
pose this chapter, anterior knee pain and 
patellofemoral pain syndrome are considered 
synonyms, and alternative diagnosis creating 
pain around the anterior aspect of the knee are 
excluded (Table  23.1 ).

23.2        Etiology 

 The variable relationship between abnormality 
and pain originates most of the controversy 
 regarding AKP. Patellofemoral chondral  pathology 
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   Table 23.1    Possible causes of anterior knee pain   

 Articular cartilage injury 

 Hoffa’s disease 

 Neuromas 

 Patellar instability/subluxation 

 Patellofemoral arthritis 

 Plica synovialis 

 Quadriceps tendinopathy 

 Sinding-Larsen-Johansson syndrome 

 Bone tumors 

 Iliotibial (IT) band syndrome 

 Osgood-Schlatter disease 

 Patellar stress fracture 

 Patellofemoral pain syndrome 

 Prepatellar bursitis 

 Referred pain from lumbar spine or hip joint 
pathology 

 Symptomatic bipartite patella 

 Chondromalacia patellae 

 Loose bodies 

 Osteochondritis dissecans 

 Patellar tendinopathy 

 Pes anserine bursitis 

 Previous surgery 

 Saphenous neuritis 

  Several are the pathologies that can present with anterior 

knee pain (Adapted from: Waryasz and McDermott [ 1 ])  
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 (chondromalacia or chondropathy) and malalign-
ment may cause pain, but asymptomatic individu-
als bearing these conditions are frequent. On the 
other side, individuals with a normal anatomy of 
their knees may complain of AKP. From this per-
spective it becomes clear that some individuals 
may suffer from pain that in fact does not originate 
from the evident abnormalities the orthopedic sur-
geon and the sports medicine specialist may diag-
nose on a fi rst evaluation [ 2 – 4 ]. This is especially 
important because effective treatment must 
address the true causes of pain and not the con-
founding fi ndings. 

 Pain may arise from several mechanisms. 
Recently, the soft tissues around the knee have 
gained popularity as possible causes of pain, 
since histological studies have demonstrated 
abnormalities that could possibly be the origin of 
pain. This is particularly true when considering 
the lateral retinaculum, where fi brosis, demyelin-
ation, and tissular neuromas have been found [ 5 , 
 6 ]. Other soft tissue potential sources of pain are 
the medial retinaculum, the infrapatellar fat pad, 
and the synovium. 

 Cartilage damage alone cannot cause pain since 
cartilage is aneural [ 4 ]. Chondral pathology, how-
ever, may contribute to pain. Despite the evidence 
showing that advanced chondral  damage may 
exist in asymptomatic individuals, the lack of car-
tilage and its protective effect over the bone favors 
the subchondral bone overload, which is richly 
innervated and thus a possible cause of pain. Also, 
synovitis may arise from the cartilage debris. 

 The patellofemoral articulation (as any other 
articulation) may be subjected to a variable range 
of load while keeping its homeostasis. Particularly 
in high-demand sports like football, excessive 
loading of the joint may alone be responsible for 
homeostasis loss, generating infl ammation and 
nociceptive output (pain). These overuse/over-
load injuries are common when increasing fre-
quency or intensity of sports. Most of the time, 
the history is clear, and so the overuse diagnosis 
is straightforward. Other times, however, the 
training abuses are not elicited, and the diagnosis 
becomes cloudy. 

 Skeletal anatomy and muscular balance deter-
mine patellar tracking and joint mechanics. From 

this standpoint, it becomes clear that the interplay 
of a lot of factors can potentially lead to abnor-
mal loading of the patellofemoral joint even in 
the absence of excessive exercise practice. Most 
of the time, these  small abnormalities  do not 
reach a pathological threshold to be diagnosed on 
clinical examination and imaging or even to be 
considered signifi cantly different from the popu-
lation average. This is particularly true when we 
consider the wide range of anatomical patterns 
that are considered normal regarding osseous 
anatomy and becomes even more complicated 
when we add to this formula the multitude of 
muscular imbalance possibilities (and consider-
ing that there is still a lot to discover). From a 
pragmatic standpoint, however, we must consider 
what has already been studied and so far 
established. 

 Recently, the dynamic valgus theory has 
gained popularity. It advocates that the cause for 
maltracking of the patella in some patients with 
AKP may not be part of a structural fault but 
rather a dynamic or functional malalignment. 
Potential risk factors involved in the genesis of 
dynamic valgus include hip weakness (abductors 
and external rotators), iliotibial band tightness, 
excessive quadriceps (Q) angle, abnormal  vastus 
medialis obliquus/vastus lateralis  refl ex timing, 
and rear-foot eversion (causing compensatory 
tibial and femoral internal rotation). Other risk 
factors involved in the genesis of anterior knee 
pain include weakness in functional testing; gas-
trocnemius, hamstring, or quadriceps tightness; 
generalized ligamentous laxity; defi cient ham-
string or quadriceps strength; and patellar com-
pression or tilting [ 1 ] (Fig.  23.1 ).  

 When we consider gross deviations from nor-
mal as pathological, we can refer to them as 
structural abnormalities. Structural abnormalities 
may contribute to the overload of the PF joint. 
Torsional abnormalities and elevated tibial tuber-
cle – trochlear groove distance (TT-TG) – 
increase the lateralizing vector acting on the 
patella during fl exion, increasing the PF reaction 
force on the lateral facet and allowing symptom-
atic overload to become apparent. Simultaneously, 
insuffi cient load of the medial facet may generate 
loss of homeostasis and equally provoke pain. 
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 Trochlear dysplasia is another potential 
 contributor to the genesis of anterior knee pain. 
Keser et al. [ 8 ] have demonstrated a considerable 
higher prevalence of trochlear dysplasia in AKP 
patients compared to controls (16.5 % vs. 2.7 %). 
In their study, trochlear dysplasia was assessed 
with the lateral trochlear inclination angle (LTI) 
on magnetic resonance. LTI was investigated by 
Carrilon et al. [ 9 ], calculated by means of a line 
tangential to the subchondral bone of the posterior 
aspect of the two femoral condyles crossed with a 
line tangential to the subchondral bone of the lat-
eral trochlear facet. Choosing 11° as the threshold 
value for LTI, results were excellent in identifying 
trochlear dysplasia (considered present if LTI was 
equal or below 11°) with sensitivity of 93 %, 
specifi city of 87 %, and accuracy of 90 %. 

 In trochlear dysplasia the position of the troch-
lear sulcus is prominent in relation to the anterior 
femoral cortex. In a study performed by Dejour 

et al. [ 10 ], the trochlear sulcus in normal knees 
was at a mean distance of 0.8 mm posterior to a 
line projected from the anterior femoral cortex, 
and in knees with dysplastic trochlea, its mean 
position was 3.2 mm forward this same line. This 
increases the contact force between the patella 
and the trochlea (anti-Maquet effect) possibly 
contributing to pain generation.  

23.3     History and Clinical 
Examination 

 In AKP, pain is usually anterior, not well local-
ized, and diffuse. It may also be referred to the 
medial retinaculum or to the lateral retinaculum. 
Sometimes the pain is located below the patella 
as a bar. Posterior knee pain, although rare, may 
also be possible, especially if an articular effu-
sion is present. Usually, the pain is worse during 

Anterior Knee Pain I Patellofemoral Pain Sindrome

Increased stress to patella and soft tissues
Overload

Abnormal tracking

Flexion contracture

Muscular tightnessTrochlear dysplasia
Quadriceps
imbalance

Iliotibial tightness
Torsional

abnormalities and
elevated TI-TG

Femoral internal
rotation

Rear foot eversion
Weak hip muscles Low back problems

Sacral inclination\
Anterior pelvic tilt

  Fig. 23.1    Proposed mechanisms of anterior knee pain generation (Adapted from: Petersen et al. [ 7 ])       
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or after activities that cause overload, such as 
those that demand jumping, running, or vigorous 
quadriceps contraction. Complaints of instability 
may occur due to quadriceps inhibition (refl ex) as 
a result of pain but without loss of contact of the 
articulating surfaces. 

 Adequate interviewing of the athlete often 
brings to light the possible factors leading to the 
overload. Appearance of pain after training mod-
ifi cations is strongly suggestive of overload. 
Coach replacement and progression of category 
could indirectly suggest that overload is present. 
The time from the onset of pain and previous 
responses to exercise cessation also contribute to 
the overload diagnosis. 

 Clinical examination is often unspecifi c. 
Tenderness over the medial and lateral retinacula 
is frequent. Compression tests (e.g., grind test 
and patellar engagement sign, Zohlen test) lack 
specifi city. Since most of the time structural 
abnormalities are absent, physical examination is 
unnoteworthy. Adequate examination must 
search for different causes of pain and potential 
contributors to pain generation. 

 Crepitation usually correlates with chondral 
pathology but is nonspecifi c. Effusion must be an 
alert signal for associated intra-articular pathol-
ogy, but is similarly nonspecifi c. They must alert 
for possible chondral damage that usually corre-
lates with overuse and structural abnormalities 
(in contrast to simple patellar pain in low-demand 
adolescents). Patellar tilt over 10°, when present, 
is clinically evident on palpation [ 11 ] and rarely 
is found alone, indicating that malalignment and 
trochlear dysplasia may be associated. 
Hypermobility is usually evaluated with the glide 
test. It can possibly lead to erratic tracking caus-
ing overload. Patellar and quadriceps tendon pal-
pation is fairly reliable to exclude tendonitis 
(tendinopathy) and must be indispensable. 

 Abnormalities that increase the valgus vector 
acting on the patella, like increased Q angle and 
malalignment (increased femoral anteversion 
and increased tibial external rotation), may be 
evident already in the static inspection, becom-
ing worse when the patient is asked to walk 
(dynamic inspection). The torsional “profi le” of 

the patient estimated on the static clinical exami-
nation is clinically apparent during walking as 
the patient develops intoeing or the patellae 
point inward. 

 The feet must be assessed during walking and 
from behind the patient. Hyper-pronation can 
potentially cause excessive internal rotation of 
the tibia and femur, what is roughly equivalent to 
lateralizing the patella. The functional “malalign-
ment” or dynamic valgus can be visualized clini-
cally with one-legged squats (Fig.  23.2 ). Crossley 
et al. [ 12 ] have demonstrated that a valgus col-
lapse of the knee joint during one-legged squat 
indicates weakness of the hip abductors.  

 Tightness of the posterior and anterior muscu-
lar chains must be assessed as it increases the 
patellofemoral reaction force. Hamstrings are 
tested with the patient supine and the opposite leg 
extended and fl at over the table. The hip is fl exed 
90° and the knee is then extended as far as pos-
sible. The popliteal angle is observed and com-
pared to the opposite side. The quadriceps is 
tested with the patient prone, and in most patients 
the heels should touch the buttocks. The iliotibial 
band is tested with the Ober test – with the patient 
in lateral decubitus position (the side to be tested 
up), the hip is extended and abducted, and the 
knee is extended. From this position, the thigh is 
released and allowed to adduct. Most patients 
will be able to touch the exam table with the 
medial aspect of the knee. 

 The spine and the pelvis (and therefore the 
sacroiliac articulation) must be assessed thor-
oughly. Stiffness of this “system” avoids ade-
quate stretching of the quadriceps (remember the 
 rectus femoris  origins from the pelvis). Irreducible 
lordosis is an indicator of anterior pelvic tilt and 
its commonly associated features (weak abdomi-
nals, weak glutes and hamstrings, and tight hip 
fl exors). Anterior pelvic tilt may cause femoral 
internal rotation (and relative lateralization of the 
patella) due to changes in acetabular orientation. 
Static inspection begins with the patient sited in 
front of the physician (thoracic abnormal kypho-
sis is already apparent) and continues when the 
patient is asked to stand up (pelvic anterior tilt 
and lumbar hyperlordosis can be evaluated from 

P.R.F. Saggin and D. Dejour



235

the side of the patient). A simple test may be 
 performed asking the patient to stand with the 
back against the wall. He/she must be able to 
touch the wall with his heels, the back of the 
knees, the buttocks, and his back (lumbar region) 
and shoulders. Inability to do so and stand fl at 
against the wall refl ects stiffness and muscular 
imbalance (Fig.  23.3 ).  

 In summary, knee biomechanics is complex 
and exceeds local anatomical relations. The 
patella is a sesamoid bone inserted in a biarticular 
muscle which function relies in the interplay of 
several factors. Failure to evaluate the individual 
thoroughly avoids an accurate diagnosis.  

23.4     Imaging 

 Pain is subjective, but imaging modalities are 
fundamental for identifying the associated struc-
tural abnormalities and quantifying them and for 
excluding alternative causes of pain. 

 Ultrasound is commonly prescribed but is 
dependent on the observer experience, and its 
usefulness is limited to the superfi cial soft tissues 
evaluation (e.g., tendinopathy evaluation and dif-
ferential diagnosis). CT, arthro-CT, and MRI 
have increasing abilities to image intra-articular 
structures and grow in importance to exclude 
alternative causes of pain. 

  Fig. 23.2    Apparently well-aligned limbs can demonstrate dynamic valgus when the patient is asked to perform a single 
leg squat       
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 Abnormal tilt, increased TA-GT, patella alta, 
and other abnormal tracking measurements may 
be present. Objective patellar instability (previ-
ous dislocations) must be ruled out. 

 X-ray lateral views are the key to the diagno-
sis of the patella alta. Several methods of mea-
surement (and diagnosis) have been described. 
Patellar height can also be reliably measured on 
MRI. CT and MRI axial views provide a clue to 
patella alta diagnosis when the patella is not 
found facing the upper part of the trochlea. 

 TT-TG is a simple way to measure the valgus 
(lateralizing) forces acting on the patella. TT-TG 
is the distance from the bottom of the most proxi-
mal part of the trochlear groove to the proximal 
part of the tibial tubercle, measured with two CT 
superimposed cuts and expressed in millimeters. 

 Another important contribution of CT pro-
duced by the superimposition of images is the 
assessment of torsional deformities, such as fem-
oral anteversion and external tibial torsion [ 10 ]. 

 Patellar tilt and subluxation refer to the abnormal 
position of the patella in relation to the trochlear 

groove. While tilt means increased lateral  inclination 
of the transverse diameter of the patella, sublux-
ation refers primarily to abnormal mediolateral dis-
placement of the patella in relation to the trochlea. 
Tilt seems to be the result of a complex interplay of 
factors, including trochlear and patellar shape and 
congruence, medial restraint insuffi ciency, and 
 lateral retinacular tightness. Several methods of 
evaluating tilt and subluxation have been described 
for axial views, which are the gold standard for its 
evaluation. 

 Standard lateral x-ray fi lms are the key to 
trochlear dysplasia diagnosis (strict lateral views, 
with perfect superimposition of the posterior 
medial and lateral femoral condyles). The cross-
ing sign is typically found in this projection and 
represents the point where the trochlea becomes 
fl at (the bottom of the groove reaches the height 
of the facets). Additional fi ndings include the 
double-contour sign and the supratrochlear spur 
[ 13 ,  14 ]. Axial x-ray views performed in 45° of 
knee fl exion allow the measurement of the sulcus 
angle [ 15 ]. CT and MRI have the ability to image 
the entire trochlea in sequential cuts, from its 
most proximal part until its distal end. This 
allows better visualization of the dysplastic upper 
part. Frequently, dysplasia found in these modali-
ties is missed on x-ray axial views. 

 Despite the multitude of possible associated 
features, imaging is frequently normal. Several 
authors have shown that x-rays are not useful for 
AKP diagnosis, and the alignment parameters 
used for instability are within normal values in 
many AKP patients. MRI fi ndings also are not 
useful in differentiating AKP patients from a 
control group [ 16 ]. Thus, imaging is complimen-
tary to the physical examination but cannot pre-
dict the onset of pain neither can it quantify the 
contribution of the evidenced abnormality to the 
fi nal pain status. 

 Bone scans may provide some functional 
information. Scintigraphy has the ability to dem-
onstrate metabolic changes otherwise not visual-
ized in other imaging modalities, but its 
contribution to treatment or diagnosis remains to 
be established. Dye and Boll [ 17 ] noted that 
about one-half of patients with patellofemoral 
pain demonstrated increased patellar uptake in 

  Fig. 23.3    Spine and pelvis fl exibility can be evaluated 
with this simple test – the patient is asked to stand fl at 
against the wall. Inability to do so refl ects imbalance or 
stiffness of this “system”       
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technetium 99 m methylene diphosphonate scin-
tigraphy, compared with only 4 % of the control 
subjects. The increased osseous metabolic activ-
ity of the patella, detected by the bone scan, was 
biopsy proven to represent increased remodeling 
activity of bone compared with controls. When 
these patients underwent follow-up imaging, it 
was noted that many who experienced resolution 
of painful symptoms also demonstrated resolu-
tion of the bone scan to normal activity, repre-
senting restoration of osseous homeostasis [ 18 ]. 
Bone SPECT/CT can similarly be employed and 
provide equivalent information [ 19 ]. These imag-
ing modalities could be used to follow up patients 
after unloading procedures or devices.  

23.5     Treatment Strategy 

 Conservative treatment is always the fi rst line. In 
the short term, a period of rest and adequate pain 
control are usually suffi cient to alleviate symp-
toms. The importance of rest or activity decrease 
in the initial phase cannot be overemphasized, 
because it reduces load and allows homeostasis 
to be reestablished. The absence of evident tissue 
damage on the imaging evaluation usually hin-
ders the physician from prescribing sports sus-
pension, delaying complete recovery and, at 
times, worsening the symptoms. Pain must not be 
withstood, but rather avoided. The strategy of  no 
pain, no gain  must be abandoned. 

 Pharmacological treatment is aimed to reduce 
pain. With this purpose, nonsteroidal anti- 
infl ammatory drugs and weak analgesics can be 
employed. Ice may contribute to pain reduction 
during pain exacerbations. 

 Flexibility training or muscular tightness 
should always be part of a successful AKP treat-
ment strategy. Stretching exercises can be initi-
ated in the initial phase and must be maintained 
during the late and rehabilitation phases. 
Stretching exercises should aim loosening poten-
tially tight anatomical structures that could pre-
dispose to AKP. Fully extending the knee against 
tight hamstrings, iliotibial band, or gastrocnemius 
muscles can increase the patellofemoral joint 
reaction force and precipitate pain [ 20 ]. Similarly 

tight quadriceps may lead to the same conse-
quences in deep fl exion. Patients must be informed 
that fl exibility is a goal to be chased for lifetime. 

 After the pain subsides, and for the long term, 
physical therapy becomes the mainstay of treat-
ment. Quadriceps and hip strengthening are the 
most important goals to be achieved, and exer-
cises comprising them can be prescribed almost 
universally to patients, except for those who still 
suffer from pain. 

 Quadriceps weakness, selective  vastus media-
lis obliquus  (VMO) weakness and altered activa-
tion pattern of VMO relative to  vastus lateralis  
have been associated with AKP development. 
Proximal musculature (core musculature) imbal-
ance and weakness also have been associated 
with AKP. Hip weakness and adduction and 
greater femoral internal rotation have been shown 
in AKP patients [ 21 ,  22 ]. These could theoreti-
cally lead to overload of the lateral PF joint, since 
this time the trochlear sulcus is medialized under 
the patella. Hip extensors are responsible for at 
least 25 % of impact during landing [ 23 ]. 
Therefore, strengthening of hip external rotators 
and abductors could correct this and could be fur-
ther enhanced with strengthening of hip fl exors 
and extensors [ 21 ,  24 ]. 

 The best way to achieve quadriceps strength-
ening nowadays is still subject of controversy. 
Both open and closed kinetic chain exercises 
apparently can be employed with success, but 
from a logical standpoint, these exercises must be 
performed in manners that do not impose exces-
sive load to the patellofemoral joint. To achieve 
this purpose, closed kinetic chain exercises must 
be performed from knee extension to 45° of fl ex-
ion, while open kinetic chain exercises must be 
performed from 90° to 45° of fl exion [ 22 ,  23 ,  25 ]. 
Exercises must be performed without pain, and 
the patient must remain pain-free in the next 
hours (many times pain arises after the exercise 
cessation due to a cytokine fl are). Preferential 
activation of the  vastus medialis obliquus  during 
quadriceps strengthening would be of particular 
importance to treatment, but its feasibility 
remains a topic of debate. 

 Hip strengthening is targeted preferentially to 
abductors and external rotators, but the addition 
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of hip fl exors and extensors must be considered. 
Most of the data concerning strengthening of the 
proximal musculature is still experimental and 
inconclusive, but it leads us toward an important 
direction. Roughly, it can be proposed that 
strengthening can restore more normal kinemat-
ics by avoiding non-physiological loading to 
occur as a result of abnormal kinematics or insuf-
fi cient musculature. Although more conclusive 
data is missing, the prescription of strengthening 
exercises must not neglect the hip musculature. 

 Recently, more attention has been paid to the 
core musculature. Weakness of the abdominals, 
glutes, and back musculature can contribute to 
AKP, so these groups must not be neglected dur-
ing rehabilitation. Patients with weakness in 
these muscles are grossly defi ned as having “bad 
posture.” In this setting, some non-specialized 
works like  Pilates  could be benefi cial. 

 Knee or patella orthotics may correct abnor-
mal tracking and unload compromised areas, but 
interestingly, they may also provide alternative 
afferent stimuli,  competing  with the nociceptive 
information, thus alleviating pain and allowing 
an exercise program to be developed or initiated. 
Its effi cacy is still controversial, but despite the 
lack of consensus, adverse events from its use are 
improbable, and short-term usage remains an 
option for pain control [ 26 ,  27 ]. 

 Foot orthotics are another commonly sug-
gested option for anterior knee pain control, but 
recommendations concerning football players 
and their specifi c footwear are diffi cult to make. 
Since the foot orthotics can generate adverse 
events like pain around the ankle, it is the 
authors’ opinion that their use should be 
restricted to those with evidence of pathology/
abnormality involving the feet or ankles. Again, 
the importance of proper physical examination 
cannot be overemphasized. 

 Failure of initial conservative management is 
common due to the lack of validated standardized 
treatment protocols and the multitude of possible 
approaches. The physician should be aware of the 
employed exercise regimens before the effi cacy 
of treatment is questioned. Patient adherence is 
another crucial factor to treatment success. 
Periodical evaluations therefore are essential 

before complete pain relief is achieved. 
Persistence is an indispensable quality to the 
team assisting the patient, and several trials of 
conservative management are the rule before a 
failure can be defi ned. 

 Surgery indications for patients complaining 
exclusively of pain are exceptions and must be 
made for correctable (treatable at least) structural 
abnormalities which cause pain with a reasonable 
amount of probability. Surgical procedures 
employed for anterior knee pain usually are tibial 
tubercle transfers in patients with evidence of 
malalignment and cartilage procedures for those 
who suffer from chondral pathology. In the 
absence of clear indications, surgery may even 
aggravate the symptoms.  

23.6     Return to Play 

 Anterior knee pain is normally treated conserva-
tively, and sports can be resumed as soon as the 
pain subsides. Many patients continue to play 
despite the pain, but care should be taken to not 
aggravate the symptoms. It is logical to propose 
that sports return should be undertaken slowly 
and progressively and that when pain reappears 
during training, its intensity should be decreased.     
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      Patellar Instability in Football 
Players 

           Alexis     Lion     ,     Alexander     Hoffmann     , 
    Caroline     Mouton     ,     Daniel     Theisen     , and     Romain     Seil    

24.1             Injury Mechanism 

 Patellar instability, also known as patellofemoral or 
kneecap instability, is an abnormal movement of 
the patella in the patellofemoral groove of the 
femur [ 1 ]. It is characterized by patellar dislocation 
and subluxation [ 2 ] that mainly occur in the coro-
nal plane [ 3 ]. The other types of patellar dislocation 
(i.e., the patella can dislocate superiorly and inferi-
orly or rotate about its longitudinal axis without 
vertical translation) are extremely rare [ 4 ]. 

 Patellar dislocations can be induced by a 
direct contact on the medial side of the patella 
(contact between two players or with the ground) 
that knocks the patella out of the joint [ 5 ]. 

However, they are mainly caused by atraumatic 
events. In those cases, the injury is the conse-
quence of the combination of intrinsic character-
istics with an inciting event. Predisposing 
anatomical factors such as patella alta, abnormal 
bone morphology, increased Q-angle, genu val-
gum and/or genu recurvatum, ligament hypopla-
sia or hyperlaxity, muscular insuffi ciency, 
external tibial torsion, femoral anteversion, and 
subtalar joint pronation can indeed increase the 
risk for a patellar dislocation [ 6 ,  2 ]. Twisting or 
changing direction during sports, running on 
uneven surfaces, and walking on slippery or icy 
surfaces have been described as the most com-
mon inciting events [ 7 ]. Patellar dislocation is 
mainly induced by the internal rotation of the 
femur on the tibia combined with contraction of 
the quadriceps (acting as a lateralizing force), 
followed by a knee fl exion movement combined 
with an external rotation of the femur (Fig.  24.1 ) 
[ 8 – 10 ]. This mechanism is comparable to the val-
gus collapse known to cause anterior cruciate 
ligament injuries. In football, this situation can 
be enhanced by the fi xation of the foot on the 
fi eld via the studs at the beginning of the injury 
mechanism.   

24.2     Epidemiology/Etiology 

 Acute patellar dislocation represents 2–3 % of all 
knee injuries [ 11 ]. In the general population, the 
incidence rate represents up to 6.8 per 100,000 
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person-years [ 12 – 14 ] and varies from 2.3 to 
242.0 per 100,000 person-years depending on the 
targeted population [ 12 ,  15 – 17 ,  13 ,  18 ,  14 ]. 

24.2.1     Infl uence of Exercise 

 The active population is more at risk to sustain a 
patellar dislocation (>69.0 per 100,000 person- 
years) [ 15 ,  18 ,  17 ]. Over half of the patellar dis-
locations indeed occur during athletic activities 
[ 12 ,  16 ,  17 ,  13 ,  14 ]. In football players, the inci-
dence rate of patellar dislocation has not been 
specifi cally investigated. Football is however the 
most common sport with patellar  dislocations 

(7.0 % of all patellar dislocations in Finland 
[ 19 ] and 6.9 % in the United States of America 
(USA) [ 13 ]) as it involves contacts and cutting 
situations.  

24.2.2     Infl uence of Age 

 Patellar dislocations are more common in adoles-
cents and young adults under 20 years old. 
Indeed, the incidence rate ranges from 11.2 to 
107.0 per 100,000 person-years [ 12 ,  18 ,  16 ,  13 , 
 15 ], highest incidence rate being observed 
between 9 and 15 years of age [ 16 ]. Between 15 
and 19, the incidence rate is 25-fold higher 

  Fig. 24.1    Mechanism of noncontact injury       
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 compared to individuals aged between 50 and 54 
years [ 13 ]. Patients with rare patellar  dislocations, 
such as superior and inferior patellar disloca-
tions, were more likely to be older than 38 and 
presented signs of knee arthritis [ 4 ], the degen-
erative knee being a risk factor for patellar dislo-
cation [ 20 ].  

24.2.3     Infl uence of Sex 

 The infl uence of sex in the occurrence of patellar 
dislocations is still being discussed. While 
Waterman et al. did not fi nd any difference 
according to the sex [ 13 ], three other studies 
reported that females have a higher risk to sustain 
patellar dislocation than males [ 14 ,  12 ,  15 ], espe-
cially when they are under 20 years old. This sex- 
related difference is even more marked in 
teenagers with prior subluxation/dislocation 
(female: 18.0 per 100,000 person-years; male: 
6.0 per 100,000 person-years) [ 12 ].  

24.2.4     Infl uence of Ethnicity 
and Family History 

 Two studies conducted in the USA showed that 
black and white people were at higher risk than 
other racial category [ 15 ] or Hispanic people 
[ 13 ]. This observation is probably due to the dif-
ferences of the anatomy of the lower extremities 
(including the knees) and the athletic exposure 
between racial categories. In nontraumatic patel-
lar dislocation, the family history is important to 
take into account and should be systematically 
investigated [ 19 ,  21 ]. Indeed, 29 % of patients 
with nontraumatic patellar dislocation had a posi-
tive family history versus only 6 % of patients 
with traumatic patellar dislocation [ 19 ]. 
Moreover, family history plays a role in the recur-
rence of patellar dislocation [ 19 ,  22 ].  

24.2.5     Infl uence of Prior 
Subluxation/Dislocation 

 The incidence rate of patellar dislocation is 206.0 
per 100,000 person-years in individuals with a 

previous knee dislocation [ 17 ]. Patients with a 
prior history of patellar dislocation have seven 
times higher odds of subsequent instability epi-
sodes during follow-up than fi rst-time dislocators 
[ 12 ]. Depending on predisposing risk factors for 
patellar instability, a patella redislocation rate 
from 25 % to 69 % is described in the literature 
[ 22 – 24 ].  

24.2.6     Infl uence of Osseous Factors 

 Beside the aforementioned risk factors, trochlear 
dysplasia, patella alta, and a non-physiologic dis-
tance between the tibial tubercle and the troch-
lear groove have been reported to be related to 
recurrent patellar instability [ 2 ,  25 ,  1 ]. 

 Trochlear dysplasia can be defi ned by a sulcus 
angle (defi ned as the angle formed between lines 
joining the highest points of the bony medial and 
lateral condyles and the lowest bony point of the 
intercondylar sulcus – Fig.  24.2a ) greater than 
145°, the trochlear groove being possibly fl at or 
convex [ 26 ]. The sulcus angle is estimated to be 
abnormal in 14 % of fi rst-time dislocators and 
11 % of recurrent dislocators [ 12 ]. In average, it 
is higher in dislocators than in controls although 
both groups often have a sulcus angle greater 
than 145° [ 27 ,  28 ]. This difference was not con-
fi rmed in teenagers [ 29 ]. Trochlear dysplasia is 
also characterized by the measurement of the 
trochlear depth (abnormal if 4 mm or less), the 
presence of crossing sign, and the trochlear 
prominence (abnormal if 3 mm or more) [ 30 ,  26 ]. 
Trochlear dysplasia is present respectively in 
85 % of patients with recurrent instability but not 
in controls (0 %) [ 25 ]. The 4-grade classifi cation 
of Dejour (Fig.  24.2b ) [ 26 ] also helps to discrimi-
nate low-grade (type A) and high-grade trochlear 
dysplasia (types B–D) [ 31 ]. Patients with high 
grade are 4.25-fold more at risk of recurrent dis-
locations [ 32 ].  

 Patellar height (or patella alta) can be mea-
sured with the Blackburne-Peel, the Insall- 
Salvati, or the Caton-Deschamps ratios 
(Fig.  24.2c ) (patella alta is considered abnormal 
when the ratio is >1 according to Blackburne- 
Peel ratio, >1.20 according to Insall-Salvati, and 
≥1.20 according to Caton-Deschamps ratio 
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  Fig. 24.2     Panel a : sulcus angle  ABC( ) .     Panel b : trochlear 
dysplasia classifi cation (Dejour). Type A: crossing sign, 
trochlear morphology preserved (fairly shallow trochlea 
>145°). Type B: crossing sign, supratrochlear spur, fl at or 
convex trochlea. Type C: crossing sign, double contour 
(projection on the lateral view of the hypoplastic medial 
facet). Type D: crossing sign, supratrochlear spur, double 
contour, asymmetry of trochlear facets, vertical link 

between medial and lateral facet (cliff pattern). With the 
kind permission of Wolters Kluwer and Dejour et al. [ 26 ]. 
 Panel c : Blackburne-Peel, Insall-Salvati, and Caton-
Deschamps ratios  ( / ).ratios AB BC=     Panel d : distance 
(straight line) between the trochlear groove (dotted line 
n°1) and the tibial tubercle (dotted line n°2) in the frontal 
plane (TT–TG distance)       
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[ 25 ,  33 – 35 ]). In the fi rst degrees of knee fl exion, 
an elevated patella induces an insuffi cient 
engagement into the proximal trochlea which is 
necessary to prevent lateralization of the patella 
[ 36 ]. Patella alta (Caton-Deschamps ratio ≥1.20) 
has been observed in dislocators (24 %) but not in 
controls [ 25 ]. Moreover, patella alta was also 
observed in recurrent dislocators [ 27 ,  37 ]. 
However, this fi nding was not consistent through-
out the literature [ 12 ,  32 ]. 

 The distance between the tibial tubercle and 
the trochlear groove in the frontal plane (TT–TG 
distance) characterizes the lateralization of the 
tibial tuberosity and the medialization of the 
trochlear groove (Fig.  24.2d ). TT–TG distance 
has been shown to be longer in patients with 
patellar instability compared to controls [ 38 ,  39 , 
 25 ]. The TT–TG distance was in average 20 mm 
in patients with instability and 13 mm in adults 
without history of patellar instability [ 25 ]. A sim-
ilar trend has been observed in younger popula-
tions. The TT–TG distance ranged between 14.6 
and 16.3 mm in young athletes with patellar 
instability and between 10.6 and 11.7 mm in 
matched controls [ 39 ,  38 ]. The TT–TG distance 
does not differ between fi rst-time and recurrent 
dislocators [ 32 ] neither between the symptomatic 
(16.9 mm) and the healthy (15.6 mm) knee of 
patients with recurrent unilateral patellar instabil-
ity [ 40 ].  

24.2.7     Infl uence of Soft Tissue 
Factors 

 Patients with patellar instability can have associ-
ated lesions of the medial patellofemoral liga-
ment (MPFL) and/or medial collateral ligament 
(MCL) [ 41 ,  2 ]. MCL and MPFL are anatomically 
close and a lesion of the MPFL could be associ-
ated with a lesion of the MCL, and vice versa. 

 The MPFL is a retinacular band of tissue 
stretched between the superior medial aspect of 
the patella and the medial femoral epicondylar 
region. This soft tissue structure, which is 
38–60 mm long, keeps the patella within the 
trochlear groove and is the primary restraint to its 
lateral dislocation, especially between 0° and 30° 

of knee fl exion [ 42 ,  43 ]. Patellar dislocation thus 
injures the MPFL, which is in average 13.5 mm 
longer in patients with patellar instability and 
patellar dislocation [ 44 ]. Patients with lateral 
patellar dislocation and the classic bone marrow 
bruise pattern on MRI are likely to present a rup-
ture of the MPFL [ 45 ]. MPFL tears are indeed 
present in more than 98 % of patients with acute 
lateral patellar dislocation [ 46 ,  47 ]. In 80 % of 
the cases, its avulsion occurs at the femoral inser-
tion site [ 48 ]. 

 A previously nonrecognized feature was 
recently described by Quinlan et al. who observed 
that 50 % of the patients with transient patellar 
dislocation displayed signs of medial collateral 
ligament (MCL) injury [ 49 ]. The valgus laxity 
induced by MCL injury has indeed been demon-
strated to be associated with patellar dislocations 
[ 41 ]. MCL insuffi ciency increases the Q-angle, 
the angle between the lines of action of the patella 
and the quadriceps tendon. Increased Q-angle has 
been considered as a risk factor for patellar dislo-
cation, but its reliability remains discussed [ 50 ]. 
As a consequence, strengthening of vastus medi-
alis obliquus (VMO) is targeted in rehabilitation. 
It appears however that there is no difference in 
the VMO parameters (i.e., VMO cross-sectional 
area, muscle-fi ber angulation, and the craniocau-
dal extent of the muscle in relation to the patella) 
between fi rst-time dislocators, recurrent disloca-
tors, and controls [ 51 ].  

24.2.8     Classifi cation 

 According to the risks factors detailed above, a 
classifi cation of patellar instability has been pro-
posed [ 10 ]. Patients can be dichotomized in two 
groups: TONES and LAACS (Fig.  24.3 ). Patients 
of the TONES group display a unique unilateral 
traumatic injury that often induces osteochondral 
fractures. The anatomical architecture and func-
tion of the patellofemoral joint are normal. 
Conversely, the patients of the LAACS group dis-
play an atraumatic, recurrent, and often bilateral 
instability. The anatomical architecture of the 
patellofemoral joint and the ligamentous laxity 
are abnormal.    
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24.3     Clinical and Diagnostic 
Examination 

 A dislocated locked kneecap is an obvious sign 
for patellar dislocation. However, after spontane-
ous relocation, the diagnosis is far more diffi cult. 
The clinical pathway to detect a fi rst patellar dis-
location necessitates a detailed anamnesis, 
including the exact trauma mechanism and a pos-
sible family history of patellar dislocations or 
soft tissue hyperlaxity. 

 The physical examination of the injured joint 
may be inadequate on the day of the accident, due to 
the pain, stress, and discomfort of the patient. The 
limited examination options in the acute setting 
should be completed by a second examination some 

days later. Acute patellar dislocation is very often 
accompanied by a severe hemarthrosis. The aspira-
tion of the intra-articular blood is, besides the pain 
relieve to the patient, a valuable diagnostic tool. The 
presence of fatty globules can be a sign of an osteo-
chondral fracture or of an additional bony injury. 
Concomitant intra- and extra-articular injuries have 
to be excluded. The inspection prior to the physical 
examination can provide hints of predisposing fac-
tors leading to patellar dislocation such as valgus 
instability or the torsion of tibia and femur. 
Furthermore, the amount of effusion, subcutaneous 
hematoma, and prior skin incisions can give valu-
able hints for the diagnosis and treatment options. 

 The physical examination must include a pal-
pation of all relevant soft tissue structures such 
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  Fig. 24.3    Classifi cation of 
patellar instability (adapted 
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as tendons, retinacula, and muscles. Clinical 
tests should include the patella apprehension test 
and the J sign/tracing test. For the patella appre-
hension test, the patella is pushed laterally with 
the leg in full extension. The apprehension test is 
to be noted positive by a verbal response of the 
patient or by an increasing quadriceps muscle 
contraction. For the J sign test, the patient is 
asked to move the knee slowly from fl exion to 
extension. In patients with patellar instability, 
the patella will undergo a sudden lateral move-
ment. Evaluation of the mediolateral mobility of 
the patella in the extended knee is mandatory. It 
should be semiquantifi ed with the quadrant 
method [ 52 ]. A helpful diagnostic indicator is 
also the hypermobility of articular joints (elbow 
and knee hyperextension greater than 10°) [ 24 ]. 

 To obtain a detailed description of the pathol-
ogy, radiographs are essential. Anteroposterior 
and lateral radiographs of both knees as well as 
long-leg standing radiographs of the lower limbs 
are needed to evaluate patella height, degree of 
trochlea dysplasia, axial deformities, as well as 
the presence of osteochondral fragments. Since 
the CT scan has limitations in determining the 
location and extent of soft tissue defects or carti-
laginous fl ake fractures, the MRI is currently the 
diagnostic tool of choice. Besides its ability to 
detect concomitant injuries, this imaging tech-
nique can also provide valuable information con-
cerning the extent of trochlear morphology, status 
of the growth plates, and the TT–TG distance. A 
medial patella bone marrow edema in combina-
tion with a lateral femur condyle bone marrow 
edema on MRI is pathognomonic for a patellar 
dislocation.  

24.4     Treatment Strategy 

 Persistent patellar instability leads to a decreased 
level of sporting activity due to evolving patello-
femoral osteoarthritis, recurrent kneecap disloca-
tions, and pain. For that reason, the treatment 
strategy is fi rst to reestablish the patellofemoral 
joint stability, to ensure a normal development of 
the joint in the skeletally immature patients, and 
to diminish the risk of secondary osteoarthritis. 

 The management of patellar instability in the 
football player should take into account the 
intrinsic and extrinsic risk factors (Fig.  24.4 ). 
Patients with patellar instability are often com-
plex cases, with a combination of bony and soft 
tissue abnormalities. It is fundamental to ana-
lyze all possible dislocation factors to develop 
an appropriate treatment strategy. A consensus 
for the management of fi rst traumatic patellar 
dislocation does not exist [ 53 ]. A laterally fi rst-
time subluxated patella is generally treated non-
operatively in the absence of an osteochondral 
fracture, malalignment, or severe trochlear dys-
plasia. In the case of a patella redislocation or 
persistent patellar instability symptoms despite 
appropriate rehabilitation, a surgical treatment 
is recommended. Because of the heterogeneity 
of factors leading to patellar instability, an ade-
quate surgery addressing the individual pathol-
ogy needs to be performed. Numerous surgical 
interventions have been described and per-
formed over the last century [ 54 ]. With further 
knowledge of the complexity of patellar insta-
bility, there has been a paradigm change in the 
treatment strategies over the last decades. 
Irrespective of trochlear morphology and the 
medial capsule/ligament complex, the “tradi-
tional surgical procedures” were addressing 
only the realignment of the quadriceps force 
vectors, in order to decrease lateralizing forces 
to the patella and hence increase its stability in 
the trochlea. Currently, surgical procedures 
focus on the reconstruction of the passive patella 
stabilizers such as bony geometry of the troch-
lea and the MPFL.  

 Since young adolescents are one of the main 
groups at risk for patellar dislocations, the pres-
ence of open growth plates must be taken into 
account in the debate of treatment options. Distal 
bony realignment procedures may compromise 
the growth plate on the tibial tuberosity and can 
lead to severe genu recurvatum [ 55 ]. Damaging 
the growth plate on the distal femur where 70 % 
of the length development takes place can lead to 
genu varum and valgum [ 56 ]. This is especially 
relevant if MPFL reconstructions with open 
growth plates are performed. It is mandatory to 
avoid an injury of the growth plate at the femoral 
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insertion of the MPFL. This insertion is always 
located distally to the growth plate, on the epiph-
yseal side [ 57 ].  

24.5     Rehabilitation and Return 
to Play 

24.5.1     Rehabilitation 

 The current rehabilitation (conservative treat-
ment or after surgery) aims to restore the strength 
of the quadriceps and the range of motion of the 
injured limb. Between 40 % and 60 % of the 
patients with fi rst-time patellar dislocation have 
satisfactory results with a nonoperative treat-
ment. This rehabilitation includes bracing and 
immobilization, electrotherapy, strengthening, 
and proprioception exercises [ 58 ]. For acute dis-
location, brace or cast immobilization with the 
knee locked in extension is recommended for 2–6 
weeks, depending on the patient’s age and the 
lesion [ 59 ]. However, the immobilization should 
not be too long to avoid muscle atrophy and knee 
stiffness. In the acute infl ammatory phase, reha-
bilitation aims to eliminate pain and swelling 
(3–4 fi rst weeks) and to improve range of motion. 
Later on, it should focus on regaining muscle 
strength, stabilizing patellofemoral tracking, 
improving proprioception of the knee, and nor-
malizing the gait pattern [ 59 ]. During rehabilita-
tion, taping can be used to stabilize the patella. 
Strengthening the VMO is the muscular aim to 
target and closed-chain exercises may be more 
effi cient [ 59 ]. 

 For operated patients, the postoperative treat-
ment should be adapted to the preoperative insta-
bility, the type of surgery, and the patient’s risk 
factors. Weight bearing is typically limited for 4–6 
weeks to prevent excessive traction on the patella 
tendon after osteotomies [ 59 ]. Conversely, partial 
weight bearing with the knee locked in extension 
is allowed immediately after MPFL reconstruction 
[ 60 ]. Full weight bearing without brace is gener-
ally recommended after 4–6 weeks. The rehabili-
tation aims also to regain full range of motion, 
passive and active range of motion being targeted 
at 0–3 weeks and 2–6 weeks, respectively. 
Isometric quadriceps strength and straight leg 

raise exercises should be performed immediately 
after surgery. Subsequently, specifi c exercises aim-
ing to improve concentric muscular strength (quad-
riceps, hamstring) and  proprioception are generally 
proposed 6–8 weeks after surgery. Running, 
cycling, and “mild” sports are allowed 2–4 months 
after surgery, whereas return to competitive sports 
can generally be considered after 6 months. The 
rehabilitation of the currently used minimally inva-
sive MPFL reconstructions is by far easier and 
faster than the formerly used procedures.  

24.5.2     Return to Play 

 Regardless of the treatment, patients are allowed to 
return to play after complete disappearance of pain 
and swelling, if there is no remaining sensation of 
instability, if they have reached a full passive range 
of knee motion, if they regained 85–90 % of quad-
riceps muscle strength compared with the nonin-
jured limb, and if they had excellent dynamic 
stability [ 14 ,  61 ]. This may be expected at the earli-
est by 3 months from initial injury and surgery. At 
this time, patients should be able to run and jump 
on the injured leg without limping, apprehensions, 
or pain, but should wear a brace that stabilizes the 
patella during pivoting activities. 

 The time required to return to play depends 
on different factors, including the underlying 
anatomy and physiology, whether conservative 
or surgical treatment was used, and the type of 
surgical treatment performed. The delay for 
returning to sport is variable [ 60 ,  62 – 64 ] and can 
range from 3 to 6 months after MPFL surgery. In 
the literature, the percentage of patients able to 
return to play between 24 and 46 months after 
surgery (Fulkerson osteotomy or MPFL surgery) 
has been reported to be as high as 97–100 % [ 65 , 
 63 ,  57 ]. However, only 32–82 % of patients 
return to their preoperative level of sport 16–38 
months after MPFL surgery [ 66 ,  63 ,  67 ,  68 ,  62 , 
 57 ]. The main factors described to limit the 
return to sport to a preoperative level are 
decreased knee function, fear of reinjury, and 
lack of interest. Athletes who do not return to 
their level reported that they avoid the high-pivot 
sports, such as football, associated with increased 
risk for reinjury [ 63 ].      
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      Knee Cartilage Repair 

           Lars     G.     Peterson       and     Haris     S.     Vasiliadis     

25.1             Introduction 

 Football is one of the biggest global sports attract-
ing boys and girls, men and women, profession-
als and amateurs and billions of spectators and 
fans. Around the world about 260 million male 
and female players are licensed within FIFA 
(Federation Internationale de Football 
Association). A problem following the popularity 
of football is the increasing speed, body contacts 
and competitions causing injuries. 

25.1.1     Aetiology-Epidemiology 

 The incidence of the injuries of knee articular 
cartilage is found to be increasing among athletes 
[ 1 ]. In several football studies it has been shown 
that foul play is responsible for about 30 % of all 
injuries and that knee injuries are among the most 
common injuries and may be career ending. In 
acute and chronic ACL injuries, between 40 % 
and 70 % are combined with meniscus and artic-
ular cartilage injuries [ 2 ]. Isolated cartilage 
lesions (grade I–IV, ICRS classifi cation) have 

been reported in about 61–63 % by Curl et al. and 
by Hjelle et al. at arthroscopy for knee pain [ 3 ,  4 ]. 
Any grade I–IV lesion can progress into posttrau-
matic osteoarthritis over time and may accelerate 
by continued sport activities. A cartilage lesion 
was reported in about half of the athletes treated 
with an ACL reconstruction, while these cases 
are already very common among recreational or 
high competitive athletes [ 5 ,  6 ]. A study in NFL 
(American football) reported 8 cartilage injuries 
annually for 14 consecutive years, whereas about 
half of them were treated surgically [ 7 ].  

25.1.2     Injury Mechanism 

 The increased repetitive forces applied to the knee 
joint during the demanding training programme 
and frequent games lead to an increased incidence 
of cartilage lesions in high-level football players, 
compared with the general population. Knee inju-
ries can be caused by intrinsic forces (generated 
by the player him/herself, e.g. by landing on one 
leg and forcing the knee in a valgus rotation) and/
or by extrinsic forces (generated from outside the 
individual, e.g. tackles from the opponent or foul 
play). This incidence is further increased in con-
tact sports with frequent pivoting, like football, 
indoor handball or American football. One expla-
nation may be the pivoting movements which 
substantially overload especially the medial com-
partment causing MCL and ACl ruptures and 
simultaneously subject the  cartilage to shearing 
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forces. The alert position of the athletes followed 
by rapid “explosive” accelerations or decelera-
tions applies severe and sudden forces to the knee 
ligaments and also to the patellofemoral joint 
leading to patella and/or trochlea lesions. Finally, 
the frequent injuries apparent in contact sports 
additionally increase the incidence of ligamen-
tous instability, mainly due to ACL ruptures or 
defi ciencies that secondarily contribute to menis-
cal and cartilage lesions. Noyes found articular 
cartilage injuries in 40–70 % of acute and chronic 
ACL injuries [ 2 ,  8 ]. Background factors must be 
identifi ed and addressed such as varus–valgus 
malalignment, instability (ACL, PCL, MCL, LCL 
or MPFL rupture) meniscus defi ciency and bone 
defi ciency/pathology, as contributing to and 
accelerating articular cartilage injuries.  

25.1.3     The Risks of Delayed Treatment 
and Special Considerations 

 Under the pressure of the running league and the 
players’ contracts, the background lesions may 
frequently remain practically untreated until they 
severely interfere with the player’s performance. 
At this point the treating physician usually faces 
severe, multiple neglected cartilage lesions dem-
onstrating signs of posttraumatic osteoarthritis. 
Several studies have demonstrated a highly 
increased risk of knee OA in high demanding 
professional players, up to 12-fold, compared to 
the general population [ 9 ,  10 ]. 

 The repair of cartilage defects in professional 
players is a great challenge, being a rather compli-
cated issue. There are many factors that a treating 
surgeon may need to encounter in order to decide 
if a lesion requires early or late surgical interven-
tion and, if yes, which is the best intervention for 
the specifi c player. Of course lesion characteristics 
like the size (e.g. contained or not), the location 
(medial or lateral femoral or tibial condyle, patella, 
trochlea) and the number (isolated or multiple) 
play a crucial role for the decision of the most 
appropriate treatment. Concomitant procedures to 
correct ligament instability (ACL, PCL, MCL, 
LCL, MPFL), meniscus lesions or insuffi ciency, 
varus or valgus malalignment, bone defect or 
pathology and patellar maltracking or instability 

have to be included in the analysis. When this is 
the situation for a professional player, the decision 
will need to be further individualised, based on the 
age and the level of the player, the time of the run-
ning league season, the anticipated time to return 
to play or the anticipated (or scheduled) time up to 
the retirement of the player or even the fi nancial 
issues related with his running contract. 

 There are two very important factors that 
affect or even defi ne the fi nal success of a treat-
ment: (1) the clinical outcome itself and (2) the 
time that it will take the player to achieve this 
outcome. There is also one third factor, the dura-
tion of the results, which however is usually 
underestimated and usually not taken as fi rst pri-
ority when it comes to high-level active players. 

 The best repair treatment of cartilage lesions 
is still a controversial issue. A number of treat-
ment options are currently used in clinical prac-
tice, with certain advantages and disadvantages 
that accompany any of these. The importance of 
fast return to play and the need for top perfor-
mance, if possible from the fi rst postoperative 
day, further complicates the fi nal decision and 
fi nal treatment approach. 

 The success of the treatment in professional 
players is mainly counted with the return to pre-
injury level. However, the rate of players that 
fi nally return to sports may be limited and many 
of them may have to cope with a lower level, 
never achieving their preinjury level, if the lesions 
are undertreated. In a systematic review that 
assessed 11 studies, 66 % of patients reached 
their preinjury level, which highly defers between 
treatment approaches [ 11 ]. However, the fact that 
this percentage is highly related to the treatment 
approach and substantially differs among differ-
ent treatments stresses the necessity of a 
 meticulous approach to these patients and of the 
conduction of the best possible treatment.   

25.2     Clinical and Diagnostic 
Examination 

 The diagnostic approach is similar if not identical 
to that of the general population and the diagno-
sis of articular cartilage lesions based on an ade-
quate history and a physical examination. 
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 A thorough history of symptoms, acute trauma, 
or repetitive excessive loading related or not to the 
sports is important. Any history of previous carti-
lage treatment, meniscal repair, or meniscectomy 
may interfere with the condition of the cartilage. 
An ACL reconstruction or previous realignment 
of the patellofemoral joint may be associated with 
a “diseased” knee that already before the time of 
surgery sustained a cartilage injury, which may 
have remained untreated or undertreated. Clinical 
examination, including signs of local tenderness, 
swelling, range of motion and crepitation, is per-
formed. Pain, swelling, locking, catching, giving-
way sensation and crepitation along with signs of 
tenderness, effusion, muscle weakness and pain 
on weight- bearing movements may be indicative 
of coexisting cartilage lesions along with other 
potential injuries. 

 The clinical examination should additionally 
focus on the assessment of the ligament stability 
in order to detect any anteroposterior or lateral 
instability of the knee joint or any instability of 
the patella. Clinical assessment of the function 
and volume of the quadriceps and hamstrings 
should be included. A careful record of previous 
surgery is also of great importance. 

 Standing X-rays including both limbs (hip–
knee–ankle) and comparison to contralateral 
knee are necessary. Varus and valgus deformities 
are assessed, and patella malalignment, maltrack-
ing or instability is further assessed if clinical 
signs exist. Further examinations include MRI to 
assess articular cartilage, meniscus and the sub-
chondral bone and other pathology and also CT 
scan in full extension with and without Q-ceps 
contraction (in patellar–trochlear lesions and 
instability). 

 An arthroscopy may be performed to confi rm 
the diagnosis and to evaluate the features of the 
lesion (location, size, containment, opposing 
 surface, shouldering) along with the identifi cation 
of potentially concomitant lesions (ACL, PCL 
rupture or insuffi ciency, meniscal lesions, etc.). 
High-level players usually aim for a fast diagno-
sis, fast repair and fast recovery in as less surgical 
steps as possible. In these cases a very careful pre-
operative planning is even more important. The 
surgeon should rely on clinical and radiological 
fi ndings and be prepared for addressing in one 

step if possible all the concomitant lesions (carti-
lage, ACL, meniscal). It is most important to pro-
pose the optimal treatment in each individual 
case. The surgeon should also inform about and 
be prepared with alternative treatment plans 
according to the intraoperative fi ndings. 

 A detailed discussion with the patient preop-
eratively and an analysis of the treatment 
approach is necessary. The patients should be 
fully informed of the situation, the treatment 
approach, the rehabilitation time, the anticipated 
fi nal outcomes and the perspectives for return to 
the preinjury level of sports performance as well 
as the prognosis for short- and long-term results.  

25.3     Treatment Strategy 

 The aim for football players is to minimise the 
symptoms with an as brief as possible rehabilita-
tion and as long as possible duration of the 
results. Three different categories of players will 
be discussed in an algorithm. 

 First the teenage player in the beginning of his 
career, second the established player in his active 
career between 20 and 35 years and third the 
player in the end of his career or post career. 
These groups will be discussed in relation to 
available treatments. 

 In general, there are many different treatment 
options for cartilage lesions, such as debride-
ment, coblation, drilling, abrasion, microfractur-
ing, mosaicplasty (OATS), use of osteochondral 
allografts or ACI. The treatment strategy is 
 usually individualised according to many factors, 
including the priorities of the patient-athlete. The 
currently available scientifi c evidence provides a 
background for the best possible approach. 

25.3.1     Active Teenage Football 
Players 

 In this patient group osteochondritis dissecans 
(OCD) is a relatively frequent entity that has to 
be treated. An OCD lesion requires a different 
approach than a purely traumatic lesion and a 
“sandwich technique” is often necessary to 
address the bone pathology or defects involved. 
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Just removal of the fragment or loose body will 
give fast relief of symptoms but will increase the 
risk to almost 100 % for early posttraumatic 
osteoarthritis with continued sports like football. 

 Another differentiation is related with the 
younger age and the consequently increased 
anticipated time for participation in sports. The 
good quality of the repair tissue at the site of car-
tilage lesion and the high durability of the good 
treatment outcomes are mandatory for a durable 
successful career of the teenage player. Therefore, 
ACI is usually suggested as a treatment option in 
this patient group. The more prolonged rehabili-
tation time is not so important and has not much 
impact on the performance, as a progress of a car-
tilage injury would have. 

 Teenage players treated for cartilage lesions 
have a very high recovery rate, with a greater 
chance for returning to full sports activities. 
However, an unsuccessful treatment would lead 
to an early end of a career and an increased risk 
of developing posttraumatic osteoarthritis.  

25.3.2     Active Adult Football Players 

 Microfractures are currently the most common 
intervention that is performed for the treatment of 
cartilage lesions in active athletes. In 14 consecu-
tive years in NFL American football, in 118 cases 
half of each were operated, 43 % were treated 
with MF, and 31 % were treated with debride-
ment [ 7 ]. In the majority of the studies assessing 
cartilage repair in athletes (8 of the 11 included), 
microfractures were assessed [ 11 ]. According to 
the systematic review of Harris et al., the return 
to preinjury level in athletes differs between 
treatments. MF patients have a lower possibility 
for full recovery (59 %, range 25–100 %, 8 stud-
ies), while ACI results in a higher possibility 
(78 %, range 27–100 %, 3 studies). OATS accord-
ing to one study (57 patients) provides the best 
chance of full recovery to sports activities (93 %). 
Moreover, OATS offers also a relatively faster 
return followed by MF. ACI results in a more 
prolonged rehabilitation time [ 11 ]. Similar out-
comes have been found by another systematic 

review reporting good and excellent results in 
67 % after MF, in 82 % of ACI patients and in 
93 % of patients treated with OATS. Return to 
sport was achieved 7 months after MF, 8 months 
after OAT and 18 months after ACI [ 5 ]. The size, 
location of the lesions are very important factors 
for the fi nal outcome. 

 The only RCT available compares OATS with 
MF. According to this study in 57 high perfor-
mance athletes, OATS provide a better rate of 
return to preinjury level (93 % vs. 52 %) with a 
clinical improvement between the 1st and 3rd 
postoperative year (86 % and 96 %, respectively). 
On the other hand, the MF athletes showed a sig-
nifi cant deterioration (76 % and 52 % in 1 and 3 
years, respectively) [ 12 ]. 

 Continued sports participation at the preinjury 
level, thus a long-term durability of good clinical 
outcomes, was seen in 96 % of ACI-treated 
patients, in 52 % of MF and 52 % of OAT patients 
[ 5 ]. This clearly suggests a better repair tissue 
after treatment with ACI. 

 The rate of full recovery of MF-treated ath-
letes differs among studies. Steadman reports a 
return to NFL in 76 % of 25 players, with a good 
postoperative performance [ 13 ]. Another study in 
24 NBA basketball players showed that one third 
never returned to the league. Only 14 returned to 
NBA for more than a year, but had to deal with 
shorter length of play and less points scored per 
game, although no other performance indexes 
were affected [ 14 ]. Another similar study also 
reported 20 % of players treated with MF not 
returning to NBA and a signifi cantly reduced 
 performance at 1st and 2nd year for the rest. The 
mean time to return to an NBA game was 30 
weeks [ 15 ]. 

 One thing that needs to be considered is defi -
nitely the characteristics of the cartilage lesion. 
The algorithm that has been set for the common 
population may not be directly applied to high 
competitive athletes; however, some main guide-
lines and suggestions should be considered [ 16 ]. 
For small contained lesions of less than 1 or 
2 cm 2 , MF or OATS may defi nitely be effi cient at 
least for short-term return, whereas double-stage 
or more demanding treatments like ACI should 
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be selected for lesions larger than 2 cm 2  and/or 
more complex cases where a longer career is 
more important than a quick return for estab-
lished players. However, ACI should be consid-
ered for young players early in their careers even 
for these small lesions. 

 For larger lesions or for multiple and/or kiss-
ing lesions, the ACI is the only reliable treatment 
with accepted results (good recovery rate, long- 
lasting good results). Although MF may be used 
as a palliative treatment, even if good results are 
initially provided, the possibilities of long-term 
good results are very low. This is probably related 
to the insuffi cient repair tissue (mainly fi brous 
tissue) in the lesion area after MF; this tissue sub-
sequently fails to withstand the high forces of 
sports activities and in due time it leads to symp-
toms’ relapse. Mosaicplasty (MP) gives good 
results but leads to high donor site morbidity due 
to the harvest of osteochondral plugs. Provided 
the usually large multiple defects in football 
players, there is a limited number of patients that 
may profi t from the use of MP. Osteochondral 
allografts may be used in large defects. However, 
there is no evidence to support their use in 
athletes. 

 Another dilemma in the treatment approach of 
active athletes is usually related with the need of 
assessing the concomitant injuries or the need of 
correcting the limb axis or a patella malalign-
ment. In regard to the ACL or meniscal ruptures, 
they should defi nitely be assessed and addressed 
along with the cartilage repair. Regarding though 
the need of osteotomies, there is a controversy. It 
is shown that osteotomies are accompanied by a 
further rehabilitation time, a higher complication 
incidence and a recovery that nearly never reaches 
the preinjury level of sports performance. There 
was a general rule that osteotomies should not be 
used for high-level football players and other ath-
letes if they intend to continue participating at the 
same level. However, this rule is based on the old 
indications (unicompartmental osteoarthritis in 
older population) where old techniques with large 
overcorrections and insuffi cient fi xation systems 
were prevailing. In the treatment of cartilage inju-
ries, there is quite a different situation where you 

have to analyse the background factors of 
 importance and correct them to create an optimal 
environment for the repair tissue to survive in the 
short and long term. The surgeon should fi x a 
varus malalignment in medial compartment large 
unipolar or bipolar defect(s), by unloading with 
an osteotomy if necessary. The modern approach 
to osteotomies is to just overcorrect the mechani-
cal axis by 2–4°, use open wedge osteotomy, cor-
rect the malalignment and use a stable internal 
fi xation. If the malalignment is mainly due to 
abnormal biomechanics in the femur, the osteot-
omy should be performed in the distal femur. If 
the biomechanics are located in the proximal 
tibia, it should be corrected in the proximal tibia. 
Nagel et al. reported that 59 % returned to sports 
after high tibial osteotomy [ 17 ].  

25.3.3     Retired or to Be Retired 
Football Players 

 The aim of the treatment of these patients is to 
eliminate the symptoms they experience and to 
delay or even to prevent the arthroplasty. This 
patient group resembles more the “normal” 
patients. A differentiation usually comes to the 
severity of lesions they suffer from. They are usu-
ally patients with severe and extended lesions 
despite the relatively low age. This is related to 
the prolonged period in high competitive sports 
and to the fact that these lesions have not been 
treated before or been undertreated. In many 
cases the knee fully resembles a severe osteoar-
thritic knee, with neglected cartilage lesions, 
resected meniscus lesions, instability and usually 
malalignment (mainly varus knees). The carti-
lage lesions are often multiple and kissing. The 
challenge is that the too young age is a contrain-
dication for salvage procedures as the knee 
replacement. The “advantage” though is the fact 
that the short rehabilitation time is not so impor-
tant as for the active players. 

 The different hierarchy of treatment goals sets 
a different hierarchy of treatment options to be 
followed. In this patient group, when large lesions 
occur (>3–4 cm 2 ), the ACI should be defi nitely 
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preferred, aiming to a better repair tissue and to 
durable good clinical outcomes. A long-term 
follow-up study has shown that ACI was an effec-
tive and durable treatment even for neglected 
large cartilage lesions or multiple kissing lesions, 
for which a resurfacing of the knee joint with 
ACI was performed [ 18 ]. In this series none of 
the 224 cases followed had a knee arthroplasty 
10–20 years after the chondrocyte implantation. 
ACI provides the ability to a biological resurfac-
ing of the joint in order to repair the usually 
extended bare bone surfaces. 

 In many of these cases, the bony surface is 
completely exposed and rather sclerotic (provid-
ing a “polished” surface appearance). In these 
cases, the lesion area should be carefully abraded 
without causing bleeding. If the subchondral 
bone is sclerotic, often with cyst formations, 
bone marrow oedema and osteophytes (which are 
related to poor outcomes), a meticulous removal 
of this pathologic subchondral bone may be 
needed. Then the defect area should be fi lled with 
autograft cancellous bone using the “sandwich 
technique” [ 19 ]. 

 In this patient group, of retired football play-
ers, more radical surgical treatments should be 
used, as the demand for very fast return to very 
high performance no longer exists. In this sense, 
a more sophisticated treatment approach involve 
unloading osteotomies, reconstructions of ACL 
or PCL as well as meniscus transplantation when 
needed in order to correct the functional anatomy 
of the joint and to unload the repaired cartilage. 
On the other side, in this patient group the sur-
geon usually deals with more extended, severe, 
multiple and usually chronic lesions, which all 
are considered as negative prognostic factors and 
add to the treatment challenge.   

25.4     Rehabilitation and Return 
to Play 

 The importance of an adequate rehabilitation in 
cartilage repair techniques is as important as the 
surgical procedures themselves. The articular 
cartilage is dependent on diffusion of synovial 

fl uid for the transportation of nutrition and oxy-
gen to the chondrocytes. The cells are responsi-
ble for the production of matrix, mainly collagen 
type II and proteoglycans, responsible for the 
high water content in cartilage, necessary for the 
shock absorption capacity. This structure pro-
vides the mechanical strength and function of the 
articular cartilage throughout our life. During 
unloading of the joint, the negatively charged 
proteoglycans attract water, and during the 
weight bearing (WB) the synovial fl uid is pressed 
back into the joint. This exchange of water is nec-
essary for the survival and function of the chon-
drocytes and their maintenance of the cartilage 
matrix turnover. Irrespective of surgical repair 
techniques, the chondrocytes need the loading–
unloading for their survival and regeneration of 
the tissue. Progressive increase of WB over time 
is necessary for the cell survival and for the new 
matrix to mature into functional cartilage. 

 After ACI the maturation process of the carti-
lage takes about 9 months to reach 80 % return of 
the normal concentration of proteoglycans, and 
for deeper and larger lesions, it takes 12–15 
months to reach normal concentrations of proteo-
glycans and collagen II, a guarantee for long- term 
survival and function of the cartilage. 

25.4.1     Rehabilitation Protocol 

 Intermittent continuous passive motion is started 
6–8 h after surgery. Active knee extension–fl ex-
ion movements are started the fi rst postoperative 
day and increased as tolerated. The rehabilitation 
protocol is dependent on the characteristics of the 
cartilage lesion.

    Lesions Up to 6–8 cm   2    Contained : Weight bear-
ing is limited to 20–30 kg for the fi rst 3–6 weeks 
as tolerated by pain. Then progressive increase 
per 20 kg every 2 weeks, up to full weight bear-
ing at 12 weeks. Stationary biking with low 
resistance when fl exion allows. Outdoor biking 
at full weight bearing. Progressive increase 
walking distances. Water training freestyle 
swimming. Running at 6–9 months.  
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   Lesions Over 8 cm   2    or Multiple Lesions (Two 
or More in the Same Knee) and Uncontained 
Lesions : Weight bearing is limited to 20–30 kg 
for the fi rst 6–8 weeks. Then progressive 
increase per 20 kg every 2 weeks, up to 12–16 
weeks. Training protocol as above. Running at 
6–12 months (individual decision).  

   Bipolar Lesions + Concomitant Procedures : 
Weight bearing is limited to 20–30 kg for the 
fi rst 8 weeks. Then progressive increase per 
20 kg every 2 weeks, up to full weight bearing 
at 16 weeks. Training protocol as above. 
Running 9–12 months(individual decision).    

 Return to football and other impact sports may 
be allowed in average 12–15 months, on an indi-
vidual basis. 

 The rehabilitation following ACT is long and 
focuses mainly on functional training and motion 
training. Return to football is judged on an indi-
vidual level. Clinical follow-up, including 
strength and endurance tests as well as arthroscopic 
evaluation and indentation testing of the stiffness 
of the repair tissue, is important before allowing 
the player to go back to football training. MRI 
enhanced with gadolinium contrast may be useful 
for assessing the healing. The player starts with 
individual training and then gradually goes back 
to individual football training and then to com-
petitive training and matches [ 20 ,  21 ].   

25.5     Prediction of Outcomes 

 It seems that the  age  is a very important predic-
tion factor determining the capability of return to 
sports and return to preinjury level, in all the 
treatment options. Mithoefer et al. showed a 
more frequent return to sports in players younger 
than 40 years that were treated with MF, compar-
ing with older players [ 1 ]. In another group of 
football/soccer players treated with ACI, 70 % of 
players younger than 25 years returned versus 
only 30 % of older players [ 22 ]. The return to 
sports was even much higher in adolescent ath-
letes reaching the 95 %, while 60 % to an equal 
or higher level [ 23 ]. The higher age has been 

shown to negatively affect the outcome of a carti-
lage repair treatment also in the general popula-
tion probably because of an inferior intrinsic 
repair capability of the lesion area [ 24 ,  25 ]. In the 
case of high-level professional athletes, a severe 
injury and surgery at higher age (35–40) followed 
by a prolonged rehabilitation programme obvi-
ously affects and probably stresses to a decision 
for earlier retirement. 

 Another important factor that has also been 
stressed by studies in general population is the 
 duration of symptoms prior to the treatment  [ 24 –
 26 ]. It appears that it applies also for high com-
petitive athletes. The shorter preoperative time 
seems to provide a higher success rate as has 
been shown by several studies [ 1 ,  22 ,  23 ,  27 ]. 
Athletes who were symptomatic for less than 12 
months returned to sports in 66 % and 67 % of 
cases after MF and ACI, respectively. When 
symptomatic period exceeded the 12 months, 
these rates radically declined to 14 % and 15 %, 
respectively [ 5 ]. 

 Finally, the higher  number of previous carti-
lage surgeries  has also been correlated to a higher 
failure or not suffi cient outcomes both in the gen-
eral population and competitive athletes [ 1 ,  23 , 
 28 ]. Although this has not been confi rmed, it is 
thought that the multiple previous cartilage sur-
geries and/or the long duration of cartilage 
lesions prior to surgery contributes to increased 
stiffness with worsening of repair capabilities of 
the subchondral bone and the overlying cartilage 
repair. It has been suggested that the subchondral 
bone in these cases is more sclerotic with 
increased stiffness and the knee joint has turned 
into a posttraumatic osteoarthritic knee. This 
probably results in an inferior environment usu-
ally deteriorated by a varus knee that has been 
gradually settled and the subsequent overloading 
of the diseased bone and cartilage. 

  Defect-specifi c features  like the size of a 
lesion defi nitely also play a role. The general 
guidelines and the up-to-date algorithms deter-
mine that MF should not be used for large uncon-
tained lesions due to inferior results with gradual 
recurrence of symptoms [ 16 ]. An inferior result 
in larger lesions has also been shown by Gudas 
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et al. in athletes treated by MF, but not in his 
OATS group [ 12 ]. The upper border of 2 cm 2  for 
the MF has also been confi rmed in athletes by 
Mithofer et al. They found a higher rate of return 
to sports in patients with lower than 2 cm 2  lesions 
compared with the larger ones (64 % vs. 22 %) 
[ 1 ]. A negative effect of large lesions has also 
been found in ACI-treated football/soccer play-
ers. The best outcomes were found in athletes 
with moderate lesions (5 cm 2 ) in contrary to the 
group with larger ones (8.5 cm 2 ) [ 22 ]. Other 
background anatomical factors when remain 
untreated play a negative role for the success of 
any cartilage treatment. For example, a repair of 
a cartilage lesion on the medial condyle of a 
varus knee has a very low chance for long-term 
good results if the medial compartment is not 
unloaded (e.g. with a valgus osteotomy). 

 Concomitant injuries like ACL or meniscal 
lesions play defi nitely an important role. The suc-
cessful treatment along with the cartilage treat-
ment substantially increases the chance for an 
uneventful, successful and durable recovery to 
preinjury sports activities. These concomitant 
lesions seemed not to affect the fi nal outcome in 
medium and long term, if treated along with the 
treatment of cartilage lesions with ACI [ 18 ,  29 , 
 30 ]. The results have been durable and at last 
follow-up, 82 % had good or excellent clinical 
result. No sagittal or rotational instability was 
reported and the macroscopic assessment of the 
cartilage repair tissue (according to ICRS evalua-
tion) after simultaneous ACI and ACL surgery 
showed a very good fi lling, surface appearance 
and integration to the surrounding healthy carti-
lage (10.9 points out of 12). Biopsies taken 
revealed a “hyaline-like” microscopic appear-
ance in 80 % of the cases. In summary ACI/ACL 
patients have been followed up repeatedly up to 
20 years and over 80 % reported good/excellent 
results with objectively supported data. Ninety 
two percent reported that they would do the ACI/
ACL operation again [ 18 ]. 

 Nevertheless, the good clinical result espe-
cially in this demanding patient group of high 
competitive athletes is highly dependent on the 
quality of the repair tissue at the cartilage lesion 
area. The systematic review of Harris et al. has 
shown that “ability to return to play and ability to 
perform on return are affected positively after 
ACI and negatively after microfracture” [ 11 ]. In 
large defects MF results in a lower rate of return 
to sports and in a lower performance of the 
 athletes that fi nally return. Even in the successive 
cases there is a higher possibility of gradual 
 deterioration of the clinical scores and perfor-
mance over the fi rst years [ 1 ,  31 – 33 ]. There is 
evidence to show that this deterioration is not 
found, at least not to this degree, in the ACI-
treated patients.  

25.6     Conclusion/Suggestions 

 It seems that there is not an optimal treatment for 
the cartilage defects in football players and other 
athletes. Although the algorithms set for the gen-
eral population may be of great prognostic value, 
a lot of other factors may infl uence and determine 
our treatment protocol. These factors may have to 
do with the lesion and the medical situation itself, 
although sadly it is very often that other nonmed-
ical factors related to the career perspectives of 
the athlete play the most critical role. 

 Therefore, a careful assessment of the patient- 
player is required along with a detailed discus-
sion of the treatment options, the possibilities, 
the anticipated outcomes and all the parameters 
related to the anticipated rehabilitation time, the 
complication rate and the potential long-term 
impact on the knee joint. 

 The currently available evidence shows a 
superiority of ACI in terms of return to sports, 
return to preinjury levels and durability of good 
outcomes. However, the ACI is a two-stage 
 operation, associated with a longer and more 
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demanding rehabilitation protocol. On the other 
hand, although MF is associated with a less post-
operative morbidity and a short-term good out-
come may be observed, it is associated with a 
lower sports performance, higher rate of retire-
ment and long-term deterioration of the clinical 
outcomes. Regarding MP-OATS, although good 
results have been reported, there is not much evi-
dence to allow for safe conclusions. No evidence 
exists for other treatment options like osteochon-
dral allografts or one-step procedures with the 
use of scaffolds. 

 Regarding concomitant lesions like ACL or 
meniscal injuries, they should defi nitely be 
assessed along with the cartilage treatment, if pos-
sible addressed in the same surgery. Osteotomies 
may be needed to correct the limb axis or patello-
femoral alignment, although this should be made 
clear to the athlete that they are accompanied with 
an increased morbidity and the chances for full-
performance sports participation may be reduced. 

 Overall, a general algorithm that could apply 
for high competitive players is provided in the 
algorithm (Figs.  25.1 ,  25.2 , and  25.3 ).    

a

b

c

  Fig. 25.1    ( a ) A 32-year-old professional football player 
in English Premier League. Arthroscopy 1 year after 
failed microfracture of lateral femoral condyle lesion. ( b ) 

ACI through lateral mini-arthrotomy. ( c ) Arthroscopy 12 
months after ACI showing complete healing. Returned to 
football at 15 months       
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  Fig. 25.2    ( a ) A 24-year-old football player in the English 
Premier League. Periodic knee pain and swelling since 
teenage. Recurring catching and the last year synovitis 
and massive hydrops making it impossible to play, a 
career-threatening situation. MRI showing osteochondri-
tis dissecans on the lateral femoral condyle. ( b ) 
Arthrotomy with ACI in1995 with removal of the unstable 
fragment, diagnosed earlier by arthroscopy followed by 
debridement of the fi brous tissue in the bony bottom and 

cell implantation under a periosteal fl ap. ( c ) Arthroscopy 
12 months later showing a complete healing, good stiff-
ness, smooth surface and complete integration of the 
repair tissue on probing. Returned to football and fi rst 
match 15 months postop. ( d ) Followed by repeated MRI 
and 9 years after surgery, MRI showed a complete healing 
of bone and overlying cartilage. Signed a new contract at 
that time. ( e ) Still playing in his national league 18 years 
after ACI       
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  Fig. 25.3    ( a ) A 39-year-old ex-female football player, 
who injured her left knee and had a total medial meniscec-
tomy at the age of 16 years. Arthroscopy 1995 and 1998 
with shaving of articular cartilage legion medial femoral 
and tibial condyles. Arthroscopy 2000 showed bipolar 
lesions down to bone in medial compartment. ( b ) ACI 
performed on medial femoral condyle (size 32 × 17 mm) 
and medial tibial condyle(size 30 × 15 mm) and unloading 

HTO closing wedge. ( c ) Arthroscopy 16 months postop 
showed complete healing of femoral condyle lesion in 
medial compartment. ( d ) Same arthroscopy at 16 months 
showing tibial condyle lesion with complete healing. ( e ) 
Arthroscopy at 4 years showing durable healing medial 
compartment. At 14 years after ACI, the patient is com-
pletely free of symptoms, is working full time as an X-ray 
technician and is in regular physical training       
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      Patellar Tendon Lesions 

           E.     Prospero     ,     M.     Denti    ,     A.     Quaglia    ,     L.     Pulici    , 
    L.     Brambilla    , and     Piero     Volpi   

26.1            Introduction 

 Tendinopathy and patellar tendon ruptures are 
two different clinical entities representing an 
important problem in many sports. The former is 
a tendon degenerative pathology following a 
functional overload. Symptoms occur in 20 % of 
athletes. The clinical course of this disease can 
lasts for 32 months because of a high rate of 
recurrence of symptomatology [ 1 ,  2 ]. The latter 
is a rare and acute event which can be so severe to 
impair an athlete’s career. It often occurs in ten-
dons previously mechanically stressed and it has 
been considered as the last step of the degenera-
tive evolution of the tendon structure. Rarely it 
can affect apparently healthy tendons. Basketball 
and volleyball are the sports more interested by 
these pathologies, respectively, with an incidence 
of 31.9 % and 44.6 % [ 3 ], mostly because of the 
mechanics of sport-specifi c gestures, character-
ized by high speed and power demand on the 
extensor apparatus. This disease was described in 

1973 by Blazina as “jumper’s knee” and this defi -
nition has been preserved until now [ 4 ]. 

 The prevalence of tendinitis in football play-
ers ranges from 5 % to 32 % [ 5 – 7 ]. It is less than 
in the sports mentioned above, likely because the 
different sport-specifi c gestures imply less 
mechanical stress. Both diseases imply a diffi cult 
management of the athlete: : or because of the 
severe symptomatology and severe impairment 
of sport performance or because of the long 
period of stop in case of tendon rupture.  

26.2     Epidemiology and Risk 
Factors 

 Data on this topic show a variable prevalence of 
patellar tendinopathy ranging from 5 % to 32 % 
in football players with an incidence peak 
between 15 and 30 years: it is the period in which 
most patients practice sport activities. Going on 
with sport activities can lead to other cases in 
older ages. Hagglund et al., according to others, 
show that during an entire season, the 2. 4 % of 
football players investigated didn’t take part to 
some training sessions or matches because of 
patellar tendinopathy. In most cases the absences 
lasted a maximum of 1 week, but there was a high 
rate of recurrence because of the chronic trend of 
this pathology [ 8 ]. The risk was related to the 
exposition, showing an incidence of 0, 12 injuries 
every 1,000 h played. There are no available data 
about the rupture of the patellar tendon: no cases 
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are reported in the study mentioned above. This 
confi rms the rarity of the event, but anyway it is 
extremely feared for the possible complications 
for the career. In sportsmen the patellar tendon 
rupture can be considered as the fi nal stage of the 
tendinopathy, so it can be supposed that, in the 
professional players investigated by Hagglund 
et al., an early diagnosis and an adequate treat-
ment, including load reduction on the tendon dur-
ing the symptomatic period, may have helped to 
prevent this complication. Different risk factors 
for the diseases are described and can be classi-
fi ed into intrinsic and extrinsic. 

 Intrinsic risk factors can’t be modifi ed and can 
give information about which groups of athletes 
have to be monitored:

•    Gender: the incidence is double in male than 
females. This was due to different capacity in 
generating force and to the ability of the ath-
letic movement [ 1 ].  

•   Age: the tendinopathy is considered to be 
linked to overload, so the greater the age, the 
greater the stress on the tendon at the same 
level of sport activity.  

•   Rheumatologic diseases and collagenopathies: 
these can change the structure of the tendon 
and decrease the mechanical resistance.  

•   Injury of the contralateral tendon: patients 
with a contralateral overload can be more sus-
ceptible for developing pathologies of the 
other tendon.  

•   Anatomy: there are different opinions about 
anatomical features predisposing to jumper’s 
knee tendinopathy [ 9 ].    

    Extrinsic risk factors are the most interesting 
for the professional sportsman and are the once for 
whom it is possible to apply preventive measures. 

 Sport-specifi c gestures: it is impossible to 
modify them, but it is possible to improve the 
technique of execution to reduce the load and the 
frequency of execution in at-risk or symptomatic 
people.

•    Environment and playground: in volleyball 
players it was shown that a harder ground 
increases the risk of developing the tendinopa-
thy [ 1 ]. Concerning football players no differ-

ences were indicated between the incidence of 
the pathology in athletes playing on natural 
ground and the incidence in athletes playing 
on synthetic ground.  

•   Equipments: mechanical properties of foot-
wear and cleats can change the friction coef-
fi cient and the mechanical load on the limb. It 
is important to choose the best footwear 
according to the features of the ground, in 
order to reduce microtrauma from impact with 
the ground. More often knee bandages are 
used to reduce the load on the tendon in ath-
letes who have early symptoms, but their ben-
efi t is doubtful.  

•   Exposition level: many hours of training and 
sports are the most important risk factor for the 
development of patellar tendon pathology [ 2 , 
 10 ]. Some authors have shown a relation 
between the risk of developing the jumper’s 
knee and 12 h/week training or matches; the 
same link has been pointed out with 5 h/week 
training with weights [ 11 ,  12 ]. This is the risk 
factor more diffi cult to manage because of the 
growing agonistic demand and the diffi culty of 
a simultaneous management of the needs of the 
athlete and those of the company and the team.     

26.3     Biomechanics 
of the Extensor Apparatus 

 Patellar tendon is the terminal part of the thigh’s 
extensor apparatus, responsible for leg extension, 
so the tendon supports the work of the muscles and 
endures a high mechanical stress, mostly at the 
level of its patellar origin and its tibial insertion. 
The extensor apparatus can perform both eccentric 
and concentric work. Patellar tendon is very dura-
ble to tensile force and it is proven that a very high 
strength is required to break a healthy tendon [ 13 , 
 14 ]. However, the continuous stress, due to repeti-
tive sport-specifi c gestures, can lead to an overload 
pathology. Patellar tendon is stressed in different 
ways according to the degree of knee fl exion: 
between 45° and 60° the position of the patellae 
and the high forces exerted on the tendon result in 
a higher probability of having injuries, above dur-
ing eccentric work [ 15 ]. The greatest muscle 
strength, produced in an eccentric way, is 1, 5–2 
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times higher than the greatest isometric force and 
the higher concentric force, above at high speeds 
[ 16 ]. The force transmitted from the ground varies 
according to different athletic feats and corre-
sponds to 2.8 times the body weight during long-
distance running, to six times the body weight 
during volleyball jumping, and to ten times the 
body weight during the takeoff of the long jump 
[ 17 ]. The highest forces of load transmission to the 
quadriceps occur during the ballistic reaction with 
the “drop jumps,” during which the forces transmit-
ted to the quadriceps are proportional to the reac-
tion force of the ground. So it is reasonable to 
assume a link between the working model of the 
quadriceps and the prevalence of the jumper’s 
knee. This assumption seems to be validated by the 
distribution of the prevalence reported in several 
studies. This is highest in basketball, volleyball, 
and athletics and low or negligible in other sports.  

26.4     Pathogenesis 

 The features underlined by histopathological stud-
ies concerning patellar tendinopathy are the sepa-
ration of the collagen fi bers with eventual loss of 
the normal organization, a most fundamental 
mucoid substance, morphological changes of 
tenocytes, fi brocartilaginous metaplasia, and cell 
and capillary proliferation [ 18 ,  19 ]. The connec-
tion between the conditions of mechanical load 
and the pathophysiological response is unknown. 
It was suggested that the mechanical overload can 
produce partial ruptures in the tendon tissue and 
the histological results have been interpreted as 
partial tendon ruptures [ 6 ,  7 ,  12 ]. The hypoechoic 
lesions, observed in the proximal patellar tendon, 
associated to tendinopathy are usually described 
as a result of the failed healing or as partial tendon 
ruptures. Some classical theories suppose that the 
lack of traction promotes healing and adaptation 
of tension; a too high traction might prevent heal-
ing and promote the accumulation of degenerative 
tissue. Other authors suggest that an excessive 
mechanical stretching of the tenocytes may acti-
vate some signal pathways able to induce apopto-
sis. Histological fi ndings, observed during 
tendinopathy, are compatible with an apoptotic 
process. It can be possible that when the mechani-

cal load is higher than the adaptive response of 
tenocytes, apoptosis is induced [ 20 ].  

26.5     Clinical Symptoms 

 Patellar tendinopathy is characterized by pain; it 
can manifest in an acute, subacute, or in an inter-
mittent way, usually not following local trauma; 
it can be associated to a change in the type or in 
the frequency of training, to a work overload. 
Usually the pain is reported in specifi c sites, 
mostly located at the level of insertion near the 
lower apex of the patella; in the remaining cases 
the pain can be localized to the tendon or to the 
distal insertion of it. For a long time the clinical 
classifi cation more followed was Blazina’s that 
was improved and divided into six stages accord-
ing to clinical symptoms (Table  26.1 ).

   In the fi rst Blazina’s classifi cation, the last step 
was related to the catastrophic rupture of the patel-
lar tendon, a rare but possible eventuality. Usually 
the symptoms described above disappear with a 
break from sports activities, especially if it is the 
fi rst episode, but symptoms can recur if the patient 
resumes physical training too early or with exces-
sive workloads. More attention should be paid to 
the recovery time of patients with chronic tendi-
nopathy. Concerning patellar  tendon rupture, the 
physician should carefully evaluate the swelling 
and the hematoma in the patella that can be associ-
ated with a hemarthrosis. The more evident and 
limiting clinical sign is the inability to an active 
extension of the leg and to lift the extended limb; 
this makes the gait diffi cult also using some aids.  

   Table 26.1    Classifi cation of patellar tendinopathy 
according to clinical symptoms   

 Stage 0  No pain 

 Stage I  Rare pain with normal performance 

 Stage II  Moderate pain during sports activities 
with normal performance 

 Stage III  Pain during sports activities with initial 
qualitative or quantitative limitation of 
performance 

 Stage IV  Pain during sports activities with an 
important decrement of performance 

 Stage V  Pain during daily life and impossibility in 
practice sport 
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26.6     Instrumental Diagnosis 

 Injuries of the patellar tendon can be investigated 
by using conventional radiology, echography, 
and MRI. It is possible to evaluate the presence of 
insertional or peritendinous calcifi cations by 
standard radiographies, mostly in case of chronic 
pathologies, bipartite patella, and outcomes of 
Osgood-Schlatter disease or Sinding-Larsen- 
Johansson. Performing X-ray, when the patellar 
tendon is broken, enables to investigate the pos-
sible ascent of the patella, with the lateral projec-
tions, and any bone avulsions, including those 
that are articular. The echography, using linear 
high-resolution probes, can point out the pres-
ence of hypoechoic areas in tendon, associated 
with the presence of an edematous perilesional 
variably extended. Ultrasound allows to make 
regular inspections to investigate the evolution of 
the patellar injury in a practical and noninvasive 
way. The execution of ultrasound also in patients 
with patellar ruptures is indicated for assessing 
the location and the extent of the lesion, the hem-
orrhage, and the involvement of the surrounding 
soft tissues. MRI is an exam very sensible for 
evaluating the patellar pathology, allowing to 
assess the morphology of the tendon and to 
delimit the location and the extent of damage of 
the tendon. Using MRI it is possible to highlight 
an area of high signal intensity on T1 and T2 
(Fig.  26.1 ), and often the tendon with tendinopa-
thy appears thickened and deformed [ 21 ,  22 ]. 
Performing MRI in patients affected by rupture 
of the patellar tendon allows also to assess the 
quality of the tendon and the type and the site of 
the lesion. In this group of patients, it can be use-
ful also to identify associated joint injuries.   

26.7     Treatment 

 Usually the treatment for an athlete affected by 
patellar tendinopathy is conservative; surgery is 
often postponed. The treatment should be 
 carefully planned and the physician should 
 modulate and quantify the type, the load and the 
timing of exercise, the abstention from particular 
activities, and the rest period. The athlete needs 
to be informed about what happened and a proto-

col should be started for the reeducation, reha-
bilitation, and redistribution of the load and of the 
intensity of work. The sportsman, during the 
symptomatic period, should begin a training 
including all kinds of exercises but mostly eccen-
tric ones and stretching. These are suggested to 
all patients with acute tendinopathy, working 
mainly on the phase of deceleration and on grad-
ual recovery of elasticity; this treatment can be 
associated with hydrokinesitherapy and with 
manual massage to relax the quadriceps. 

 We can divide therapies into medical and 
physical. The medical ones help to solve the clin-
ical symptoms; for this reason there are many 
drugs available, above FANS, with systemic and 
local action. There are different opinions about 
appropriateness of local injections of cortisone; 
these can be useful in reducing symptoms 
 temporarily, but on the other hand, these can 
cause tendon ruptures. In order to improve the 
clinical symptoms, physical therapies can be per-
formed. Cryotherapy, TENS, laser, ultrasound, 
Tecar Therapy, shockwave, and magnetic fi elds 
are the most used techniques on the tendon to 

  Fig. 26.1    Tendon with deformity and altered signal       
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relieve pain. Especially the shockwave seems to 
play an additional role in stimulating tendon tis-
sue regeneration [ 23 ,  24 ]. Another kind of ther-
apy that has spread in the last decade for the 
patellar tendinopathy is the injection with autolo-
gous platelet- rich plasma (PRP)[ 25 ]; the purpose 
is to try to stimulate healing of the tendon tissue 
using platelet growth factors. One or more injec-
tions can be performed in a few days. Comparing 
them with shockwave seems that the results of 
PRP injections are better from the biological 
point of view [ 26 ]. Anyway in the literature the 
results are controversial, mostly because of the 
different method of preparation and concentra-
tion of the substance to inject [ 27 ]. 

 This approach in patients affected by patellar 
tendinopathy might allow the recovery of the 
sport activities in a period ranging from a few 
weeks up to 6 months; if symptoms persists or 
worsen, surgery should be considered. There are 
various surgical options, but all have as their 
main purpose the stimulation and facilitation of 
the tendon healing. Since in most cases the tendi-
nitis is proximal, the most used surgical approach 
consists of some steps: slice longitudinally the 
tendon for a few centimeters, in correspondence 
with the injured area, previously evaluated with 
MRI; remove the part of possible degenerated 
tendon tissue (Fig.  26.2 ); and perform a cruenta-
tion of the patellar apex and some small perfora-
tions in the apex in order to facilitate the fl ow of 
blood in the interested area. It is possible to per-
form some tendon scarifi cation if the injured area 
is extended. The same procedure can be used in 
case of distal tendinopathy, performing scarifi ca-
tions and perforations of the ATA, eventually 
associated with the removal of the degenerated 
tissue. During the execution of this surgical tech-
nique, it is possible to use PRP gel (Fig.  26.3 ).   

 In case of patellar tendon rupture, a discriminat-
ing factor able to condition a good outcome of the 
surgical treatment and of the function  recovery is 
the time since the accident. The injuries treated in 
the acute phase seem to have a better complete 
functional recovery. The surgical treatment of the 
acute rupture of the proximal or distal insertion of 
the patellar tendon consists in the reinsertion of the 
tendon to the bone component. It can be made 
using transosseous sutures or suture anchors in 

order to restore the bone- tendon continuity. This 
fi rst step has to be  associated to a biological aug-
mentation (Fig.  26.4 ) in a resorbable or nonresorb-
able material [ 15 ]. Some authors suggest also a 
transosseous wire augmentation.  

 In case of ruptures of the central part of the 
tendon, the continuity of it has to be restored tak-
ing back the patella to its original site and eventu-
ally associating an augmentation, biological or in 
resorbable material. Also in this case there are 

  Fig. 26.2    Removal of degeneration tendon tissue       

  Fig. 26.3    Preparation and application of PRP       
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authors who suggest a transosseous wire aug-
mentation. Often if lesions are unrecognized or 
chronic, perilesional or calcifi c scar tissue is 
present associated to anatomical deformity of 
knee detectable at the physical examination. In 
these cases the surgical approach is more com-
plex with the possible diffi culty to recover the 
right position of the patella. The treatment con-
sists in the initial removal of the scar tissue and 
calcifi cations and in the cruentation of the ends of 
the tendon. Sometimes the gap cannot be fi lled 
without a “zed” elongation of the patellar tendon. 
If the ruptures are inveterate with a considerable 
ascent of the patella, it is possible to use the tech-
nique suggested by Dejour, transplanting the dis-
tal part of the extensor apparatus of the 
contralateral knee [ 28 ]. Alternatively tendon 
allograft or autologous tendon transplantation 
(semitendinosus and gracilis tendons) can be 
used to minimize the iatrogenic lesions for the 
contralateral healthy knee.     

         References 

      1.    Lian OB, Engebretsen L, Bahr R (2005) Prevalence of 
jumper’s knee among elite athletes from different 
sports: a cross-sectional study. Am J Sports Med 
33(4):561–567, Epub 2005 Feb 8  

     2.    Hägglund M, Zwerver J, Ekstrand J (2011) 
Epidemiology of patellar tendinopathy in elite male soc-
cer players. Am J Sports Med 39(9):1906–1911, Epub 
2011 Jun 3  

    3.    Ferretti A (1986) Epidemiology of jumper’s knee. 
Sports Med 3(4):289–295  

    4.    Blazina ME, Kerlan RK, Jobe FW, Carter VS, Carlson 
GJ (1973) Jumper’s knee. Orthop Clin North Am 
4(3):665–678  

    5.    Raatikainen T, Karpakka J, Puranen J, Orava S (1994) 
Operative treatment of partial rupture of the patellar 
ligament. A study of 138 cases. Int J Sports Med 
15(1):46–49  

    6.    Martens M, Wouters P, Burssens A, Mulier JC (1982) 
Patellar tendinitis: pathology and results of treatment. 
Acta Orthop Scand 53(3):445–450  

     7.    Karlsson J, Lundin O, Lossing IW, Peterson L (1991) 
Partial rupture of the patellar ligament. Results after 
operative treatment. Am J Sports Med 19(4):403–408  

    8.    Fredberg U, Bolvig L, Andersen NT (2008) 
Prophylactic training in asymptomatic soccer players 
with ultrasonographic abnormalities in Achilles and 
patellar tendons: the Danish Super League Study. Am 
J Sports Med 36(3):451–460, Epub 2007 Dec 13  

    9.      Khan KM, Cook JL, Maffulli N (2005) Patellar tendi-
nopathy and patellar tendon rupture-Tendon Injuries. 
Springer 166–177  

    10.    Gaida JE, Cook JL, Bass SL, Austen S, Kiss ZS 
(2004) Are unilateral and bilateral patellar tendinopa-
thy distinguished by differences in anthropometry, 
body composition, or muscle strength in elite female 
basketball players? Br J Sports Med 38(5):581–585  

    11.    Cook JL, Khan KM, Kiss ZS, Griffi ths L (2000) 
Patellar tendinopathy in junior basketball players: a 
controlled clinical and ultrasonographic study of 268 
patellar tendons in players aged 14–18 years. Scand J 
Med Sci Sports 10(4):216–220  

     12.    Lian Ø, Refsnes PE, Engebretsen L, Bahr R (2003) 
Performance characteristics of volleyball players with 
patellar tendinopathy. Am J Sports Med 31(3):408–413  

    13.    Rauh M, Parker R (2009) Patellar and quadriceps ten-
dinopathies and ruptures. In: DeLee JC (ed) DeLee 
and Drez’s orthopaedic sports medicine. Saunders, 
Philadelphia, pp 192–200  

    14.    Zernicke RF, Garhammer J, Jobe FW (1977) Human 
patellar-tendon rupture. J Bone Joint Surg Am 59(2):
179–183  

     15.    Lee D, Stinner D, Mir H (2013) Quadriceps and patel-
lar tendon ruptures. J Knee Surg 26:301–308  

    16.    Herzog W (2000) Muscle properties and coordination 
during voluntary movement. J Sports Sci 18(3):
141–152  

    17.   McNitt-Gray JL (2000) Musculoskeletal loading dur-
ing landing. In: Biomechanics in sport. Encyclopaedia 
of sports medicine, vol 9. Blackwell Science, Oxford  

    18.    Cook JL, Khan KM, Harcourt PR, Grant M, Young 
DA, Bonar SF (1997) A cross sectional study of 100 
athletes with jumper’s knee managed conservatively 
and surgically. The Victorian Institute of Sport 
Tendon Study Group. Br J Sports Med 31(4):
332–336  

    19.    Khan KM, Bonar F, Desmond PM, Cook JL, Young 
DA, Visentini PJ, Fehrmann MW, Kiss ZS, O’Brien PA, 
Harcourt PR, Dowling RJ, O’Sullivan RM, Crichton 

  Fig. 26.4    Patellar tendon rupture treated with suture and 
biological autologous augmentation       

 

E. Prospero et al.



273

KJ, Tress BM, Wark JD (1996) Patellar tendinosis 
(jumper’s knee): fi ndings at histopathologic examina-
tion, US, and MR imaging. Victorian Institute of Sport 
Tendon Study Group. Radiology 200(3):821–827  

    20.    Lian Ø, Scott A, Engebretsen L, Bahr R, Duronio V, 
Khan K (2007) Excessive apoptosis in patellar tendi-
nopathy in athletes. Am J Sports Med 35(4):605–611, 
Epub 2007 Jan 23  

    21.    Yu JS, Popp JE, Kaeding CC, Lucas J (1995) 
Correlation of MR imaging and pathologic fi ndings in 
athletes undergoing surgery for chronic patellar tendi-
nitis. AJR Am J Roentgenol 165(1):115–118  

    22.    El-Khoury GY, Wira RL, Berbaum KS, Pope TL Jr, 
Monu JU (1992) MR imaging of patellar tendinitis. 
Radiology 184(3):849–854  

    23.    De Girolamo L, Stanco D, Galliera E, Viganò M, 
Lovati AB, Marazzi MG, Romeo P, Sansone V (2014) 
Soft-focused extracorporeal shock waves increase the 
expression of tendon-specifi c markers and the release 
of anti-infl ammatory cytokines in an adherent culture 
model of primary human tendon cells. Ultrasound 
Med Biol 40(6):1  

    24.    Furia JP, Rompe JD, Cacchio A, Del Buono A, 
Maffulli N (2013) A single application of low-energy 
radial extracorporeal shock wave therapy is effective 
for the management of chronic patellar tendinopathy. 
Knee Surg Sports Traumatol Arthrosc 21(2):
346–350  

    25.    Volpi P, Quaglia A, Schoenhuber H, Melegati G, 
Corsi MM, Banfi  G, de Girolamo L (2010) Growth 
factors in the management of sport-induced tendinop-
athies: results after 24 months from treatment. A pilot 
study. J Sports Med Phys Fitness 50(4):494–500  

    26.    Smith J, Sellon JL (2014) Comparing PRP injections 
with ESWT for athletes with chronic patellar tendi-
nopathy. Clin J Sport Med 24(1):88–89  

    27.    Moraes VY, Lenza M, Tamaoki MJ, Faloppa F, Belloti 
JC (2014) Platelet-rich therapies for musculoskeletal 
soft tissue injuries. Cochrane Database Syst Rev 
29(4):CD010071  

    28.    Dejour H, Denjean S, Neyret P (1992) Treatment of 
old or recurrent ruptures of the patellar ligament by 
contralateral autograft. Rev Chir Orthop Reparatrice 
Appar Mot 78(1):58–62      

26 Patellar Tendon Lesions



275© Springer International Publishing Switzerland 2015 
P. Volpi (ed.), Football Traumatology: New Trends, DOI 10.1007/978-3-319-18245-2_27

      PRP in Football Players 
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27.1            Introduction 

 Football is played by approximately 5 % of the 
Spanish population aged between 15 and 35 
years old and regulated by the Spanish Football 

Federation. This high prevalence also carries a 
high rate of associated injuries. The Catalan 
Soccer Federation is a sports association in the 
autonomous region of Catalonia, Spain, with 
more than 140,000 members. Approximately 
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22,000 injuries occur annually among members 
of the Federation, most of which are muscle, 
ankle, and knee lesions. The  Mutualitat de 
Futbolistes  is an organization within the Catalan 
Soccer Federation that provides health insurance 
coverage for all soccer-related injuries sustained 
by federated soccer players in Catalonia. The 
idiosyncrasy of the patient in a sport like football 
involves diagnosis and management of the mark-
edly different injuries when compared to the 
occasional athlete. The three most common inju-
ries treated at the  Mutualitat de Futbolistes  are 
muscle, ankle, and knee injuries [ 109 ].  

27.2     Plasma Rich in Growth 
Factors (PRGF-Endoret®) 
Preparation 

 PRGF-Endoret ®  is obtained from small volumes of 
the patients’ blood (20 cc). It is not a platelet concen-
trate and is obtained after single-stage centrifugation. 
It does not contain leukocytes and is simply platelet-
rich plasma. White cells, and especially leukocytes, 
contain proinfl ammatory cytokines and express 
metalloproteinases (MMP-8 and 9) capable of 
degrading the extracellular matrix. PRGF-Endoret ®  
is 100 % autologous and biocompatible [ 6 ]. 

 PRGF-Endoret ®  activation is performed with a 
standard dosage of calcium chloride, taking advan-
tage of the patient’s own thrombin and not using 
bovine thrombin; hence biosecurity risks are avoided. 
   It obtains a platelet concentration of 2–3 times higher 
than the physiological, which is the optimum con-
centration; as lower doses would be subtherapeutic 
and superior concentrations do not induce superior 
effects, they can even exert inhibitory actions [ 6 ]. 

 Culture studies with the use of PRGF- 
Endoret ®  have shown a cellular increase in ten-
don tissues and especially an increase in collagen 
levels [ 6 ,  31 ,  61 ,  137 ].  

27.3     Knee Injuries 

 Knee injury is common in soccer. Anterior cruci-
ate ligament (ACL) injury is one of the most fre-
quent, reaching 70 % and typically with an 

indirect injury mechanism of deceleration- 
rotation without contact [ 51 ]. In the USA, 50,000 
patients require ACL surgery annually [ 24 ,  58 , 
 112 ]. The majority is sports related and affects 
patients between 15 and 45 years old with 47 % 
taking place in the 30–40-year-old age range 
[ 51 ]. It is estimated that one ACL tear occurs 
every 1,500 h of sports practice, including sports 
such as soccer, basketball, rugby, and skiing, 
which is equivalent to one injury for every 1,750 
citizens of the USA [ 51 ]. The cost of an ACL 
reconstruction surgery in the USA is an estimated 
$ 17,000 to which one can add an additional 
$2,000 for the cost of the initial care of all ACL 
injuries and/or the conservative treatment of the 
patients who do not undergo ACL reconstruction. 
The annual cost of treating only ACL injuries is 
an estimated 1 billion dollars [ 51 ]. Overall costs 
of sports- related injuries in the USA in 2002 
were estimated at about 15.8 billion dollars [ 122 ]. 

 ACL reconstruction in a high number of cases 
is performed with BTB (patellar tendon) of which 
4–60 % present anterior knee pain [ 15 ,  74 ,  87 , 
 112 ]. Recovery from joint injuries in active ath-
letes is increasingly faster due in part to the prog-
ress and improvement of surgical techniques and 
the application of biological elements that pro-
mote rapid tissue regeneration [ 40 ]. This 
improved ligamentization has been shown in 
ACL graft maturation ( 90 ,  97 ,  104 ,  110 ) and the 
patellar tendon donor site [ 23 ,  29 ,  72 ,  73 ,  112 ]. 

 The assessment of tendon regeneration has led 
to the realization of various studies with both 
magnetic resonance imaging (MRI) and ultra-
sound, depending on the location and accessibil-
ity of the tissue [ 1 ,  36 ,  132 ]. In ligaments and 
tendons such as the ACL, MRI has been used 
most [ 57 ,  97 ,  110 ]. Seijas et al. performed a study 
on 100 football players that underwent BTB ACL 
ligament graft, and after randomly dividing them 
into two groups, at the end of the surgery, group A 
received a dose of PRGF-Endoret ® , while the 
other was used as control. MRI was performed on 
all of the patients at 4, 6, and 12 months to assess 
the grade of graft maturation. The MRI classifi ca-
tion system was based on the study by Howell 
[ 57 ] with certain variants added by Jordi Català, 
which lead to the creation of the Català 
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Classifi cation [ 110 ]. In another study by the same 
group of authors [ 112 ], a clinical trial was per-
formed comparing a group that received PRGF-
Endoret ®  exclusively at the donor site and the rest 
served as control. A follow- up protocol was fol-
lowed with ultrasound to assess the donor site at 
4, 8, 16, 24, 48, and 96 weeks, comparing the 
grade of maturation [ 112 ]. Populations with com-
plete ACL tear were included in both studies, all 
of them athletes, as described in papers [ 110 , 
 112 ]. Surgical procedures were performed by the 
same surgical team that employed the same surgi-
cal technique with inclusion and exclusion criteria 
described in both papers. In the ultrasonographic 
assessment, a classifi cation was created (Rius 
classifi cation) based on a previous study on 10 
patients, 50 measurements, and two sonographers 
with correlation higher than 95 % [ 67 ]. 

 In the fi rst study the MRI at 4 months showed 
statistically different maturation grade ( p  = 0.003) 
between the two groups, as well as the assess-
ment at 6 months ( p  = 0.0001). Once they reached 
1 year, no signifi cant differences ( p  = 0.354) 
between both groups were observed. In the sec-
ond study, groups were composed of 23 and 19 
patients who underwent ACL surgery with and 
without PRGF-Endoret ®  at the donor site. The 
PRGF group showed signifi cantly increased mat-
uration speed at 4th postoperative month 
( p  = 0.0037). The studies reviewed show that the 
application of PRGF-Endoret ® , both at an articu-
lar level and at the donor site, favors a faster mat-
uration process in the ligaments evaluated, which 
is in line with results published in previous stud-
ies [ 37 ,  90 ,  97 ]. 

 In recent years the application of platelet-rich 
plasma (PRP) or plasma rich in growth factors 
(PRGF) has been linked to faster tissue 
 regeneration in bone, cartilage, ligaments, and 
tendons, for studies in vitro, in vivo, and in 
humans [ 40 ,  66 ,  99 ,  102 – 104 ]. There are several 
ways to obtain and apply PRP, and it is therefore 
of utmost importance that the technique 
employed, the product obtained, and the subse-
quent designated treatment protocols are 
described in detail when research is published to 
avoid the unfortunate misinterpretation of data. 
The system for obtaining plasma rich in growth 

factors is not always uniform, with different tech-
niques being followed by various authors, mak-
ing the resultant products signifi cantly different 
without reaching any conclusion about the degree 
of effectiveness from one to the other [ 131 ]. The 
PRGF-Endoret system (BTI) has European 
(European CE mark) and American (FDA 
Approval) health certifi cations, both for the dif-
ferent applications of the product and for each 
and every one of the elements necessary for their 
application [ 110 ,  112 ]. 

 It is known that in order for the tissue repair- 
regeneration process to take place, a multitude of 
elements must interact, from various cellular 
components to proteins, metabolites, and electro-
lytes, all encompassed within an appropriate envi-
ronment [ 122 ]. During this process, both in the 
acute infl ammatory phase and in the cellular pro-
liferation and remodeling phase [ 18 ,  19 ], platelets 
play an important role, not only based on hemo-
static capacity but also on their chemotactic activ-
ity and on growth, morphogenesis, and cell 
differentiation [ 4 – 7 ]. Over the last 20 years, sev-
eral studies have been published which aimed at 
taking advantage of the benefi ts offered by this 
cell type in tissue repair, stimulating research and 
development in the fi eld of regenerative medicine 
[ 6 ,  70 ,  102 ,  103 ,  130 ,  136 ]. 

 The tissue repair process is based on a com-
plex cascade of biological events controlled by a 
long list of growth factors and proteins with bio-
logical activity. The environment in the spatio-
temporal action of this group of mediators at the 
area of damaged tissue regulates the mechanisms 
and phases that govern tissue repair and regener-
ation. Throughout this process, another set of fac-
tors regulates the dynamic balance between 
stimulation and inhibition of cell proliferation, 
angiogenesis, and the formation of extracellular 
matrix [ 6 ]. The tissue repair process involves sev-
eral phases including angiogenesis, tissue prolif-
eration, and extracellular matrix deposition. The 
remodeling and maturation processes are com-
bined with the mechanical stresses to which the 
tissue in question is subjected [ 103 ]. Growth fac-
tors are substances of polypeptide nature, soluble 
and diffusible regulating growth, differentiation, 
and phenotype of many cell types [ 128 ]. These 
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provide the initial signals for the activation of the 
cells in surrounding tissue. In response to signals 
provided by these molecules, local cells and 
those infi ltrated undergo changes in proliferation, 
differentiation, and protein synthesis with differ-
ent biological functions. These proteins act in an 
autocrine and/or paracrine manner. They affect 
cell behavior, binding to specifi c receptors 
located in cell membranes. Not all cell pheno-
types have the same receptors; therefore, the 
effect of the growth factors will not be the same 
in all tissues and in all situations [ 118 ]. All these 
phenomena, together, defi ne the process known 
as cell activation [ 100 ]. 

 Animal studies also show increases in cell 
density, neovascularization, and resistance force 
between 30 % and 65 % according to studies [ 3 , 
 7 ,  9 ,  107 ] with an improvement within biome-
chanical properties in the medial collateral liga-
ment in its early stages. Weiler showed how the 
application of autologous PDGF into the graft 
during surgery was able to alter natural matura-
tion, improving tension and resistance, increas-
ing the rate of maturation, and improving collagen 
quality [ 132 ]. The study by Xie et al. suggested a 
role of PRGF in promoting synthesis of extracel-
lular matrix after ACL reconstruction, in a study 
performed with dogs [ 136 ]. Along the same lines, 
the study by Fernandez-Sarmiento et al. showed 
histological changes at 8 weeks, consistent with 
an accelerated early healing process in repaired 
Achilles tendons in sheep after surgical disrup-
tion and repair treated with PRGF-Endoret ®  [ 37 ]. 
The work by Xie et al. also states that the use of 
PRP alters the expression of some target genes at 
certain time points, especially during the early 
stages of graft remodeling, which might explain 
the enhancing effect of PRP on the ACL graft 
maturation process, which at a cellular level, 
could explain the result in both animals and 
human studies, including the two studies evalu-
ated [ 37 ,  110 ,  112 ,  136 ]. 

 Different studies show a series of stages in the 
revascularization of the patellar graft used as 
anterior cruciate ligament. After a phase of graft 
avascular necrosis, with hypocellularity and col-
lagen fragmentation, revascularization is pro-
duced through a synovial cover which originates 

from both the distal and proximal insertions of the 
graft that starts covering it and promotes intraten-
dinous vascular growth up to complete coverage 
and cellularization at 1 year postsurgery [ 8 ,  22 ]. 
With specifi c reference to the ACL graft, PDGF, 
FGF-1, and some TGF subtypes are responsible 
for the acceleration of tissue healing and increased 
graft tension [ 97 ]. PRGF was associated with his-
tological changes consistent with an accelerated 
early healing process in repaired Achilles tendons 
in sheep after experimental surgical disruption. 
PRGF-treated tendons showed improvements in 
the morphometric features of fi broblast nuclei, 
suggesting a more advanced stage of healing. At 8 
weeks, histological examination revealed more 
mature organization of collagen bundles, lower 
vascular densities, and decreased fi broblast densi-
ties in PRGF-treated tendons than in tendons 
infi ltrated with saline solution. These fi ndings 
were consistent with a more advanced stage of the 
healing process [ 37 ]. Kondo et al. also demon-
strated that the application of growth factors in 
ACL elongations achieved improved tension 
compared with patients where growth factors 
were not applied [ 66 ]. 

 Studies show maturation of patellar graft evo-
lution in terms of vascularization, cellularity, col-
lagen fi ber, and pattern, and the presence of 
metaplasia with a high correlation [ 36 ] showed 
maturity with a peak at just after 1-year postsur-
gery but with vascularity and fi ber pattern similar 
to normal in a period of 6–12 months. Aim [ 1 ] 
studied the patellar graft viability by microan-
giography and histology showing revasculariza-
tion at 8 weeks with tissues rich in collagen and a 
similar structure to the original ligament at 4–5 
months. In the fi rst months the grafted plasty is in 
the process of maturation, a fact that has left ACL 
surgeons reluctant to carry out aggressive reha-
bilitation in the initial period for fear of plasty 
failure [ 101 ]. Rougraff in his study of graft biop-
sies in patellar ligamentoplasties showed that tis-
sue obtained in the early postoperative period 
(3–8 weeks post-op) shows no more than 30 % 
tissue necrosis, in contrast to animal studies where 
the percentage is much higher. Therefore, he con-
cluded that postoperative rehabilitation programs 
proposing an acceleration of physical therapy not 
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only don’t have detrimental outcomes but if not 
followed could lead to worse outcomes [ 101 ]. 
Even patellar tendon studies to evaluate the matu-
ration process that takes place at the donor site 
show an enhanced maturation process in histo-
logical studies in animals in accordance with 
Sarmiento and the study by our team with ultra-
sound evaluation [ 37 ,  72 ,  73 ,  112 ]. 

 From a clinical point of view, the published 
studies present confl icting results. On one hand 
studies like that by Orrego showed greater matu-
ration for the patellar graft assessed by MRI at 6 
months without an increased tibial tunnel diame-
ter [ 90 ]. Studies like that by Magnussen [ 74 ] with 
2 years clinical evaluation or that by Nin [ 86 ] 
show no signifi cant differences with the applica-
tion of plasma rich in growth factors in ligament 
grafts. The results obtained with the assessment 
carried out at 1 year postsurgery are concurrent 
with those obtained in our study showing equal 
numbers of completely mature ligaments in both 
groups with no differences between the two 
groups. The main difference between the author’s 
study and previous studies is that the authors 
assessed the grade of maturity at earlier intervals, 
noting that although the two groups (PRP and 
control) reach maturity at 1 and 2 years at similar 
rates, the speed at which they do so is different. 
In 2010 Radice published graft maturation rates, 
assessed by MRI, which showed fi gures 48 % 
faster for grafts treated with growth factors with 
respect to the speed of maturity [ 97 ]. Sanchez for 
his part showed how the use of PRGF also accel-
erated the maturation  process in hamstring grafts 
[ 104 ]. De Almeida showed that PRP had a posi-
tive effect on patellar tendon harvest site healing 
on MRI after 6 months and also reduced pain in 
the immediate postoperative period [ 29 ]. 

 In another study by Seijas et al. [ 111 ] about 
football players with partial ACL ruptures, it 
demonstrated that the application of PRGF in the 
remnant ACL in arthroscopic surgery allowed 
patients to return to football in less than 4 months 
in 95 % of the players [ 111 ]. The study performed 
by Seijas [ 110 ,  112 ] showed enhanced matura-
tion speed in both the donor site and the graft 
around 4–6 months. The results at 1 year show 
that there are no differences between the two 

groups and maturation is observed to be complete 
in both groups. These results are similar to those 
previously reported by Magnussen and Nin, 
wherein no signifi cant differences were found at 
1 and 2 years follow-up [ 74 ,  86 ]. The publica-
tions reviewed insist that the role PRGF plays in 
the maturation process of ligaments takes place 
in the early stages. Therefore, the changes that 
may be proposed at a clinical level should be 
based on these biological fi ndings. The next lines 
of research should consider safe methods and 
protocols for speeding up the rehabilitation pro-
cess and evaluating the biochemical and histo-
logical structural components of neoligaments, 
assessing the similarity to normal ligaments.  

27.4     Hip Injuries 

 Regarding hip pathology within professional ath-
letes, three specifi c lesions have received increased 
attention over recent years: adductor lesions, her-
nias, and femoroacetabular impingement (FAI) 
[ 78 ]. FAI has been identifi ed as one of the main 
causes of hip pain in athletes, resulting in reduced 
range of motion (ROM) and decreased sports 
activity [ 44 ,  81 ]. The bony or mechanical abnor-
mality that causes FAI has been associated with 
labral, joint, and cartilage damage in patients with 
hip pain, i.e., correcting FAI could delay or even 
avoid arthritic progression in the joint [ 16 ,  17 ,  20 , 
 41 ,  125 ]. Reducing the acetabulum and  femoral 
head surface that contact each other or impinge 
may prevent the continuous trauma that takes place 
in movements that combine fl exion, adduction, 
and internal rotation of the hip. Studies of nonath-
letic asymptomatic volunteers demonstrated an 
incidence of cam-type deformity at 14 % [ 52 ], 
although this percentage varies in several studies, 
ranging between 36 % and 76 % [ 2 ,  10 ,  62 ,  68 ,  96 , 
 116 ]. Alternatively, studies in asymptomatic ath-
letes describe fi gures reaching up to 64 % of defor-
mities, 31 % being cam type [ 116 ]. 

 In the treatment of this pathology, after 
attempting the conservative route by physiother-
apy with stretching and joint fl exibility and the 
persistence of mechanical problems that involves 
femoroacetabular impingement, surgical options 
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are indicated. The result of surgical treatment in 
athletes is satisfactory in more than 90 %, but the 
most limiting of these results is the status of the 
articular cartilage. If patients have grade 4 carti-
lage defects, satisfactory results with the patient’s 
return to their usual sports can decrease up to 
50 % in experienced hands [ 115 ]. An articular 
joint space greater than 2 mm radiologically is a 
prognostic factor that can help to calculate the 
outcome of treatment in higher-demand patients. 
The risk of having to perform total hip replace-
ment after hip arthroscopy in patients with 
decreased femoroacetabular space below 2 mm is 
38 times higher than in those that have more than 
2 mm [ 115 ]. Therefore, the most signifi cant joint 
survival predictor is the condition the cartilage is 
in [ 69 ,  95 ,  115 ]. It is widely known that the risk 
of prosthesis is greater in athletes than in the gen-
eral population [ 49 ]. 

 Surgical correction of a condition that creates 
a confl ict and a mechanical disturbance in the 
normal functioning of the hip joint must be one 
of the steps for resolution and minimizing risk in 
athletes hips especially in rough contact sports 
like football that place extra stress on joints. 
Although the application of biological treatments 
certainly plays a vital role in the preservation of 
the joint as already demonstrated in other joints 
such as the ankle or knee in similar patient popu-
lations [ 65 ,  109 ,  127 ,  130 ]. The use of plasma 
rich in growth factors (PRGF) is reported as a 
good treatment to improve pain, stiffness, and 
functional capacity of articular surfaces [ 65 , 
 130 ]. The use of PRP in hip arthroscopy has dem-
onstrated improved postoperative pain, edema, 
and improved short-term outcomes compared to 
control patients treated arthroscopically for FAI 
[ 46 ,  76 ]. Not only in the context of surgery but 
the application of PRGF under ultrasound guid-
ance in patients with FAI has shown favorable 
results with improvements in pain and stiffness in 
the short to medium term [ 14 ,  105 ]. In hips with 
femoroacetabular chondropathies in moderate 
stages of arthritis, different authors have reported 
to have performed arthroscopic debridement with 
50 % good results at 2 years and reoperation in 
the other 50 % requiring hip prosthesis. In similar 
cases where PRGF was applied additionally, over 
70 % of patients in moderate stages of arthritis 

were able to avoid prosthesis at 2 years with good 
functional results [ 69 ,  95 ,  115 ]. 

 In the context of hip pathology in footballers, 
femoroacetabular impingement is undoubtedly the 
pathology to pay attention to for the biomechani-
cal consequences it entails, and the professionals 
dealing with this patient population should recog-
nize their requirements when considering treat-
ment approaches. Correction of the confl ict and 
mechanical disturbance has been the main objec-
tive to date, and it is the biological status of the 
cartilage which has demonstrated to be a deciding 
factor in the survival of the joint and therefore the 
application of biological therapies associated with 
mechanical treatments is the path to follow.  

27.5     Ankle Injuries 

 Ankle injuries are extremely common in the 
majority of fi eld sports, and sprains are the most 
common ankle injuries [ 39 ,  83 ]. It is thought that 
injury to the lateral aspect of the talus is associ-
ated with specifi c traumatic events. The antero-
lateral aspect of the talus dome collides with the 
fi bula when the ankle is in forced inversion or 
dorsifl exion [ 11 ,  84 ]. 

 In ankle injuries we have noted that the most 
commonly injured ligaments are the talofi bular, 
the calcaneofi bular, the posterior talofi bular, and 
in many cases the distal tibiofi bular syndesmosis 
with distal tibiofi bular. This location can contrib-
ute to an increase in thickness by infl ammation 
and scarring of the distal tibiofi bular ligament and 
cause mild impingement in the anterior aspect of 
the ankle. Conservative treatment with immobili-
zation techniques such as taping, proprioception 
exercises, and application of PRGF in injured lig-
aments accelerates recovery from these injuries. 
In addition, some works indicate that more than 
50 % of acute ankle sprains and fractures develop 
some form of chondral injury [ 82 ]. Osteochondral 
lesion of the talus is a relatively broad term used 
to describe an injury or abnormality of the talar 
articular cartilage and adjacent bone [ 12 ]. 
Osteochondral lesions can lead to mechanical 
pain and swelling that precludes resumption of 
sports activity [ 126 ]. The ability to return to play 
at preinjury level is a good indication that the 
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lesion has resolved satisfactorily [ 133 ]. As is true 
for most sports-related injuries, osteochondral 
lesions are usually managed conservatively. It is 
only after this approach has failed that alternative 
surgical strategies are contemplated.  

27.6     Osteochondritis 

 Osteochondral lesions of the talus are uncommon 
injuries, occupying the third position in order of 
frequency following knee and elbow involvement, 
and represent 4 % of all the osteochondral lesions 
of the body [ 108 ]. The portion of the talar dome 
bearing the medial load is most often affected and 
less commonly the lateral load area [ 11 ,  89 ,  98 ]. 
There are two common patterns of osteochondral 
lesions of the talus. Anterolateral talar dome 
lesions result from inversion and dorsifl exion 
injuries of the ankle at the area impacting against 
the fi bula. Posteromedial lesions result from 
inversion, plantar fl exion, and external rotation 
injuries of the ankle at the area impacting against 
the tibial ceiling of the ankle joint [ 114 ]. Injuries 
involving the lateral aspect are usually more 
severe (grades III and IV) [ 106 ]. Recent studies 
suggest that after studying the location of injuries 
by MRI, it seems that most lesions are located 
medially and centrally on the talar dome [ 55 ]. 

 Seijas et al. [ 109 ] presented a series from a 
group of soccer players with Tegner activity level 
9 and 10, suffering from osteochondral injuries 
which after 3 months of conservative treatment, 
pain persisted and impeded sports activity [ 109 ]. 
In this series, 94 % were medial lesions, and in 
more than 60 % there was a traumatic causal rela-
tionship without injury to the lateral dome, in 
agreement with a previous study by Burns and 
Rosenbach [ 21 ]. In 70 % of cases, there were 
associated lesions, including soft tissue impinge-
ment in 50 %, rupture of the external lateral liga-
ment (lateral collateral ligament) in 13 %, and 
fracture of the fi bula in 6 %. 

 The clinical symptoms of osteochondral talar 
lesions include pain, recurrent synovitis, joint 
balance alterations, and obstruction due to the 
presence of loose bodies. The recurrent synovitis 
and balance alterations are the likely cause of tib-
iotalar arthritis [ 53 ]. The symptoms are not spe-

cifi c to this condition, and because these are 
uncommon lesions, they can be mistaken for 
acute or chronic ankle sprains. For this reason, 
when the symptoms persist and the initial X-ray 
shows normal fi ndings, it is advisable to perform 
CT or MRI to investigate the injury [ 21 ]. MRI 
shows the osteocartilaginous lesion [ 79 ], with a 
high degree of correlation, and can detect lesions 
that may be missed on plain fi lms [ 71 ,  119 ]. 
Prevention of ankle sprains by proprioceptive 
training exercises is necessary to reduce the sus-
ceptibility of the joint to osteocartilaginous 
lesions [ 60 ]. 

 The initial treatment indicated is usually conser-
vative [ 12 ]. The common treatment strategies of 
symptomatic osteochondral lesions include nonsur-
gical treatment, with rest, cast immobilization, and 
use of nonsteroidal anti- infl ammatory drugs 
(NSAIDs) [ 12 ]. The mere presence of osteocarti-
laginous injuries on imaging studies does not imply 
that they will progress or lead to arthrotic degenera-
tion. For this reason, treatment is only contemplated 
in symptomatic cases [ 84 ]. When the patient’s con-
dition fails to improve, arthroscopic surgery obtains 
results equal to or better than arthrotomy, with the 
associated advantages of lower morbidity and faster 
recovery [ 13 ,  84 ]. Some authors consider arthros-
copy the treatment of choice, leaving the option of 
open surgery for cases in which the access is diffi -
cult and malleolar osteotomy is required [ 113 ]. In 
addition to enabling treatment of many types of 
injuries, ankle arthroscopy provides a more accu-
rate assessment of the problem than imaging, 
thereby facilitating the decision as to the most 
appropriate therapeutic approach [ 106 ]. A meta- 
analysis of published studies using different treat-
ments has shown success rates of 78 % in series in 
which excision and curettage were carried out and 
86 % when microfracture was additionally per-
formed [ 129 ]. Until randomized studies are con-
ducted and more conclusive results can be obtained, 
these are the most effective treatments available. 
Conservative treatment has yielded a success rate of 
45 % [ 120 ,  124 ,  129 ,  138 ].    The study of Seijas et al. 
shows excellent results in 81.75 % and good in 
18.25 %, which are in accordance with the reported 
outcome of other studies [ 11 ]. Arthroscopic bone 
marrow stimulation techniques, such as microfrac-
ture and drilling, perforate the  subchondral plate 

27 PRP in Football Players



282

with multiple openings to recruit mesenchymal 
stem cells from the underlying bone marrow to 
stimulate the differentiation of fi brocartilaginous 
repair tissue in the defect site [ 82 ]. 

 In a randomized study, Gobbi et al. reported 
similar fi ndings with the use of microfractures or 
autografts with chondrocytes for osteocartilagi-
nous talus lesions [ 48 ]. Hankemeier et al. obtained 
excellent or good outcome in 89 % of patients with 
osteochondral ankle lesions treated by debride-
ment and abrasion of the subchondral space [ 54 ]. 
In a prospective study, Takao et al. found that the 
debridement of the osteochondral bed favored car-
tilaginous improvement at the site of the lesion in 
more than 90 % of cases [ 121 ]. Thermann and 
Becher reported a success rate of 93 %, 2 years 
after performing microfractures, and proved that 
age was not a  criterion favoring a poor prognosis 
[ 123 ]. Giza presented a series of 10 patients, 
wherein after conservative treatment and arthros-
copy with debridement/curettage without good 
results they then underwent matrix-induced autol-
ogous chondrocyte implantation (MACI) showing 
improvements in AOFAS and SF-36 scales [ 47 ]. 

 Clinical improvements have been reported in 
different studies on cartilage lesions with the use 
of plasma rich in growth factors (PRGF) [ 127 , 
 130 ]. When working with PRGF, the methodol-
ogy described by its author should be followed 
with regard to its preparation and application to 
ensure traceability [ 4 ] and thus render the results 
comparable to the various studies published. As 
indicated by Taylor, when obtaining PRP, taking 
different paths leads to the preparation of differ-
ent products, with the huge possibility of getting 
different results [ 122 ]. 

 Giannini presents favorable results in a 4-year 
follow-up with improvements in AOFAS scores 
and objectifi ed by MRI T2 mapping sequences. 
Patients were treated in one surgical procedure 
with bone marrow-derived cell transplantation 
[ 45 ]. The study with meta-analysis by Niemeyer 
evaluated 16 publications with autologous chon-
drocyte implantation wherein he concluded that 
although clinical outcome as described in the stud-
ies available seems promising (with regard to a 
lack of controlled studies) a superiority or inferior-
ity to other techniques such as osteochondral trans-
plantation or microfracturing cannot be estimated 

[ 85 ]. Paul et al. presented a series treated by talar 
osteochondral transplantation where they found 
that patients modify their postoperative sporting 
activities, and they noted a reduction of participa-
tion in high-impact and contact sports [ 91 ]. 

 The series described here is composed of a 
highly homogeneous population of federated 
soccer players of similar age. Treatment by 
arthroscopy and debridement is not extremely 
aggressive and provides good results in terms of 
functional recovery. Based on the review of the 
literature, there are insuffi cient works with high 
levels of evidence that recommend a specifi c type 
of treatment in cases of osteochondritis of the 
talus. However, based on the accumulated 
 experience gained at the Spanish Football 
Federations’ Mutualitat de Futbolistes, ankle 
osteochondritis (if symptomatic) is initially 
treated conservatively by physiotherapy and with 
biological techniques such as the infi ltration of 
plasma rich in growth factors. If conservative 
treatment fails, surgical techniques are indicated 
with ankle arthroscopy and curettage of the lesion 
down to the healthy bone and the application of 
articular PRGF-Endoret ® .  

27.7     Muscles Injuries 

 Inferior extremity or lower limb muscle injuries 
are excessively common in sports, especially in 
football [ 34 ]. It is estimated that muscle injuries 
represent 30 % of all injuries (1,8–2,2/1,000 h of 
exposure), meaning that a professional football 
team suffers about 12  muscle injuries per season, 
of them 92 % affecting the four groups in the lower 
limb, with the adductors in second place after the 
hamstrings [ 32 ,  34 ]. Hamstrings are the most fre-
quently injured muscles representing 25 % of all 
muscle injuries in sports [ 30 ,  42 ]. In the hamstring 
group, the long head of the biceps femoris is 
injured the most, making it the most injured mus-
cle in the body [ 94 ]. Clanton et al. described that 
hamstring injuries are the most common injuries 
in athletes and have the most re-injuries [ 25 ]. The 
high number of injuries in the hamstrings and rec-
tus femoris musculature could be due to the con-
siderable amount of muscle junctions and layers of 
aponeuroses. Depending on the anatomic location, 
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different types of hamstring and rectus femoris 
injury can be distinguished in Table  27.1 . Violent 
stretching or fast contraction of the hamstrings 
leading to injury at the myotendinous junction 
usually causes hamstring injury. This typically 
occurs during acceleration, jump, and sprint or 
during the deceleration phase with the knee in 
extension, by the sudden or abrupt change from 
maximal eccentric to concentric contraction [ 134 ].

   The diagnosis of muscle injury is important 
not only to confi rm the clinical suspicion of the 
existence of an injury, but it allows us to give a 
prognosis and suggested treatment. For  diagnosis, 
imaging techniques are helpful such as ultra-
sound and magnetic resonance imaging (MRI), 
allowing physicians to diagnose, quantify, and 
locate the lesion. Ultrasound has advantages over 
other diagnostic techniques, such as being a non-
invasive technique, and allows for a dynamic 
assessment of the injury. 

 Although various treatment protocols have 
been used and described, there is no consensus 
on which method is the most effective in achiev-
ing the ultimate goal, which is the rapid return to 
competition. Currently few methods are guided 
by prospective randomized studies [ 59 ,  93 ,  135 ], 
and despite this, the length of time to return to 
sport hovers around 6 weeks depending on the 
extent of the injury [ 26 ]. The appearance of PRP 
has opened new avenues for the treatment of 
muscle injuries. Advances in basic science have 
focused attention on the application of autolo-
gous biologics in the treatment of muscle inju-
ries. Muscle injury passes through an initial 
phase of destruction (infl ammatory phase) which 

affects the muscle cells, blood vessels, connec-
tive tissue, and intramuscular nerves leading to 
necrosis [ 63 ]. This initial phase is followed by 
the repair and remodeling phase wherein undif-
ferentiated cells, in response to various growth 
factors, proliferate and differentiate into mature 
myoblasts, trying to replace injured muscle fi bers 
[ 5 ,  64 ,  77 ]. The infl ammatory process that occurs 
after the muscle injury causes accumulation of 
infl ammatory cells (neutrophils and macro-
phages). Also in this initial phase, platelet activa-
tion occurs. Platelet activation results in the 
degranulation of alpha granules and the release of 
various substances, among which are the growth 
factors. Also found in platelets are growth factors 
that are involved in the acceleration of the repair 
in tendons and muscles [ 27 ]. 

 Animal studies showed shortened repair times 
with the application of PRP in tibialis anterior 
muscle injury from 21 to 14 days [ 75 ]. Wright- 
Carpenter et al. in 2004 conducted a study in 
which the injection of autologous conditioned 
serum (ACS) in muscle injury shortened the time 
to return to sports by 30 % [ 26 ]. Moreover 
Sanchez et al., at the second World Congress on 
Regenerative Medicine 2005, presented a work in 
which the ultrasound-guided application of 
growth factor (PRGF) reduced the expected 
recovery time of muscle injury by 50 %. Finally 
in 2010 the IOC concluded that there is little sci-
entifi c evidence of the effectiveness of PRP in 
sports injuries, and in a recent systematic review, 
no randomized trials on the effectiveness of the 
application of PRP in muscle injury repair were 
found, and only four papers, evidence level 3–4, 

   Table 27.1    Myotendinous junction (MTJ)   

 Classifi cations of muscle injuries  Hamstring injuries  Rectus femoris 

 Proximal avulsion  Avulsions 

 Disinsertion ruptures of the proximal 
myotendinous junction 

 MTJ proximal indirect or 
intermuscular septum 

 Isolated avulsions of the 
semimembranosus 

 MTJ proximal direct or superfi cial 

 High lesions of the common tendon  MTJ distal or deep fascia 

 Lesions in the middle third affecting 
myotendinous junctions of the biceps 
femoris and the semitendinosus 

 Injuries to the distal third, medial, and 
lateral 
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proposed conducting more scientifi c studies to 
assess the effectiveness of PRP [ 102 ,  35 ]. In the 
group to which the authors belong and based on 
the work of Sanchez and collaborators and the 
authors’ experience in treating muscle injuries at 
the Catalan Football Federation in which more 
than 140,000 injuries are treated annually, with 
muscle injuries being the most common injuries, 
the following treatment protocol for professional 
football players is adhered to: Firstly, it is essen-
tial to identify the injury location and the extent 
of the damage. It is therefore essential to perform 
a clinical and ultrasound evaluation as explained 
in previous sections. Treatment depends on both 
the location and at which point in the healing pro-
cess the injury is found to be in as described in 
Table  27.2 .
   Patients tend to present with chronic tendon inju-
ries such as patellar tendon and Achilles tendon 
pathology and acute tendinitis. The work by De 
Mos et al. showed that PRP stimulated prolifera-
tion and collagen production in cultured human 
tenocytes [ 31 ]. Schnabel showed increased colla-
gen types I and III in horse fl exor tendons with the 
use of plasma rich in growth factors [ 107 ], corrob-
orated in vivo in the study by Kajikawa et al. [ 61 ]. 

 Animal studies showed that using PRGF ®  
increased cell density and neovascularization 
without side effects or fi brosis [ 7 ]. The study 
on Achilles tendon ruptures in athletes showed 

that using PRGF ®  favored early mobility and 
return to sports [ 103 ]. 

 In vivo animal studies have shown increased 
resistance of the Achilles tendon by 30 % in a 
series of 263 rats with 3 mm defects in the 
Achilles tendon treated with PRP at 6 h after 
surgery [ 9 ] as well as repair of the rotator cuff 
tendons [ 67 ]. 

 Hildebrand showed the usefulness of growth 
factors (PDGF-BB) in a series of in vivo studies, 
improving the biomechanical properties of the 
medial collateral ligament at earlier stages of the 
ligament healing process [ 56 ]. 

 Studies in chronic tendinopathy have also 
been treated with good results according to sev-
eral studies with regard to pain reduction in more 
than 90 % [ 33 ,  40 ,  43 ,  50 ,  80 ,  92 ,  117 ]. 

 Randelli published results using PRP in 
rotator cuff surgeries fi nding signifi cant differ-
ences at 2 years follow-up in terms of pain and 
function [ 99 ]. Meanwhile Foster cites in his 
publication a series presented in 2009 by Cugat 
at ISAKOS [ 28 ] on the application of growth 
factors in the medial collateral ligament in 
football players with a 27 % reduction in 
recovery time [ 40 ]. 

 In cases of patellar tendinopathy, Filardo pub-
lished in 2010 that the use of PRP provided 
improved functional indices in athletes at 6 
months follow-up [ 38 ].  

Phase1 : RICE + immobilization 
Avoids NSAIs

Check US

Phase 2 : US study

Grade I (partial rupture)
No PRP

Stretching + eccentric / cycling + pool / avoid pain /
no agressive massage

Grade II (Completed rupture w/o bleeding)
PRP 1-2cc

Grade III (with bleeding - fluid collection)
Drainning + PRP 4-5 cc + bandage

    Table 27.2    Diagnosis and 
treatment of muscle injury is 
assessed by ultrasound, and 
the protocol in this table can 
be followed, with reassess-
ment by ultrasound in the 
weeks following the injury       
   RICE  rest, ice, compression, 

elevation,  NSAID  nonsteroi-
dal anti-infl ammatory drug, 
 US  ultrasound study,  PRP  
platelet-rich plasma  
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    Conclusions 

 Soccer is defi nitely a sport that generates a 
high rate of injury, especially in the lower 
extremities. If one also takes the level of sports 
activity into account, it becomes clear that this 
is a highly demanding sport with a patient 
population possessing a particular set of 
requirements for recovery and return to play. 

 PRGF treatment, in different injuries and 
over several years of use, has been shown to 
improve and facilitate standardized treatments. 
Healing, maturation, and tissue regeneration 
are shown to have been facilitated and improved 
with the use of PRGF. Shortening recovery 
times and ultimate return to play are of particu-
lar interest within this patient population; soc-
cer players’ can benefi t immensely from earlier 
reintegration to sports and faster recovery 
times, not to mention the economic benefi t for 
both the player and their corresponding club. 

 The overall conclusion of this chapter is 
that the use of standard treatments has been 
directed toward restoring the anatomy and 
functional recovery. With the use of PRGF, it 
has been demonstrated that the natural evolu-
tion of orthopedic surgery and traumatology 
can move toward biological enhancement of 
standardized treatments, and therefore it can 
be said that the coming years will show that 
the fi eld of regenerative medicine and biol-
ogy will play a major role in orthopedic sur-
gery, traumatology, and sports medicine 
(Figs.  27.1 ,  27.2 ,  27.3 ,  27.4 , and  27.5 ).          

  Fig. 27.1    Application of PRGF-Endoret guided by ultra-
sound in a patient with injury to the distal tibiofi bular 
syndesmosis       

  Fig. 27.2    Application of PRGF-Endoret throughout the 
injured medial collateral ligament       

a

b

  Fig. 27.3    MRI medial collateral ligament. Image of pre- 
and postinjection PRGF-Endoret in MCL illustrating 
healing postinjection. ( a ) Pr-injection, ( b ) postinjection       
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28.1                Etiology 

    Elite soccer players are at a considerable risk of 
obtaining joint knee and ankle injuries and in addi-
tion to this high injury rate, they are exposed to a 
sport that is both high intensity and extensive. 

 Being exposed to high-intensity and pro-
longed sports activity, footballers are particularly 
vulnerable to osteoarthritis as a long-term effect 
of such vigorous physical stress, resulting in irre-
versible pathological changes in affected joints. 

 Osteoarthritis is the most common joint dis-
ease. The main symptoms are joint pain, stiffness, 
dysfunction, instability, deformity, swelling, and 
crepitus. Those symptoms can be presented early 
in an athlete career and lead to sport dismissal. 

 The etiology of osteoarthritis is multifactorial 
and not fully understood. Age is the major indepen-
dent risk factor of osteoarthritis; however, aging and 
osteoarthritis are interrelated, 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 

 predominantly related to an unfavorable biome-
chanical environment at the joint, which results in 
mechanical demand that exceeds the ability of a 
joint to repair and maintain itself, predisposing the 
articular cartilage to premature degeneration [ 2 ]. 

 Systemic risk factors are thought to make the 
joint vulnerable to local factors and are thereby 
associated with the development of OA. They 
include age, gender, hormonal status, and genet-
ics. Local risk factors cause abnormal biomechan-
ical loading on joints and include occupational 
activities (squatting, kneeling, lifting), joint 
injury, and high-level sports participation.  

28.2     Injury Mechanism 

28.2.1     Malalignment 

 Various studies tried to analyze the relationship 
between soccer and lower limb alignment, given 
a higher prevalence of bowlegs among soccer 
players [ 3 ]. 

 Varus alignment has been shown to increase 
the risk of OA, especially in the medial condyle, 
and also accelerate disease progression in knees 
with existing OA. Due to varus alignment, the 
knee experiences higher loads through a larger 
adduction moment during gait that increases 
loading through the medial condyle and reduces 
loads passing through the lateral condyle, thus 
causing or exacerbating the problems of OA on 
the medial condyle. 
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 Varus or valgus malalignment of the lower 
extremity results in an abnormal load distribution 
across the medial and lateral tibiofemoral com-
partment. For example, a 4–6 % increase in varus 
alignment increases loading in the medial com-
partment by up to 20 % [ 4 ]. 

 Articular cartilage and subchondral bone are 
subjected to an increased stress, suggesting axial 
malalignment plays an important role in the 
development of early OA. 

 However, studies examining the relationship 
between malalignment and early knee osteoar-
thritis have produced confl icting results. 

 A possible relationship between the incidence 
of early osteoarthritic changes and axial malalign-
ment is only supported by limited evidence so far. 

 In contrast, the correlation between the pro-
gression of early osteoarthritic changes and axial 
malalignment has been well established. Both con-
ventional radiological and MRI [ 5 ] studies found 
that axial malalignment is a potent risk factor for 
progression of early osteoarthritic changes in 
patients with axial malalignment. Articular carti-
lage loss and subchondral bone changes may lead 
to an increased malalignment. Cicuttini et al. [ 6 ] 
reported that the degree of varus knee angle was 
associated with a reduction in the volume of both 
femoral and tibial 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 biomechan-
ical situation, thereby reducing local compartmen-
tal overload, via correction of malalignment. 

 Everything suggests that malalignment is 
related to increased occurrence and faster pro-
gression of osteoarthritic changes, and high tibial 
osteotomy shows promising results even though 
there is not evidence of such changes prevention. 
Such practice must be studied deeper to increase 
our knowledge and to justify this practice.  

28.2.2     Loss of Meniscal Tissue 

 Any substantial loss of meniscal tissue from 
injury or iatrogenic meniscectomy permanently 

alters knee joint biomechanics and biology [ 7 ]. 
Subtotal or total meniscectomy increases the risk 
of secondary osteoarthritic changes by a factor 14 
when compared to matched controls [ 8 ], eventu-
ally resulting in radiographic changes in 30–70 % 
of patients [ 9 ]. 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 chondral damage, 
ligamentous instability, and malalignment [ 10 ].  

28.2.3     Meniscectomy 

 Initially described as vestigial, nonfunctional tis-
sue, the menisci have since been found to play a 
vital role in load transmission 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° [ 11 ]. The menisci also serve 
as an important secondary restraint to anteropos-
terior 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 [ 10 ]. 

 Biomechanical and animal models of menis-
cal repair demonstrated near-normal load trans-
mission [ 12 ], 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 nar-
rowing in 107 patients that had undergone open, 
most likely complete meniscectomy [ 13 ]. Jackson 
in 1968 reviewed 577 meniscectomized knees, 
demonstrating increasing numbers of patients 
with degenerative changes and osteoarthritic 
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symptoms with longer follow- up, reaching 67 % 
and 33 %, respectively, at 30 years follow-up [ 14 ]. 
These fi ndings were confi rmed subsequently by 
multiple authors, supporting Fairbank’s theory 
that meniscectomy predisposes the knee to osteo-
arthritis, especially when concomitant injuries or 
abnormalities are present, such as instability or 
malalignment. Relatively few experimental stud-
ies on this subject have been performed in vivo 
besides Voloshin et al. [ 15 ] who were able to dem-
onstrate a 20 % reduction in the shock absorption 
capacity of the knee after meniscectomy.  

28.2.4     Meniscal Transplantation 

 The changes in biomechanical and biological 
environment of the knee joint following loss of 
meniscal tissue, either traumatic or following 
meniscectomy, and the deleterious consequences 
of those changes on the articular cartilage are 
well known. 

 This leads to meniscal transplantation ratio-
nale, to restore the optimal biomechanical envi-
ronment that has demonstrated an improved 
contact area and peak stresses, and a reduction in 
tibial translation and thus in ACL strains, the 
menisci being a secondary stabilizer of the knee. 

 Of course sizing, positioning, and fi xation 
technique for meniscal transplants appear to have 
important impact on biomechanical 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 trans-
plant without malalignment or following high 
tibial osteotomy had far better results.  

28.2.5     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 premature osteoarthritis [ 16 – 18 ]. 

 This kind of lesions are of common fi nding in 
asymptomatic patients (up to 20 % during 
arthroscopy and up to 40 % as MRI fi ndings) and 
it’s not clear which lesion and under which cir-
cumstances progress to osteoarthritis. 

 Various animal models have helped us to 
understand the biology of cartilage repair; how-
ever, 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 car-
tilage repair strategies stop or slow down osteoar-
thritis 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 hya-
line cartilage, leaving the rim of the defect 
exposed to increased stress. Clinical data with 
suffi cient long-term follow-up regarding differ-
ent 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.  

28.2.6     Joint Instability or Laxity 

 We can defi ne instability as a shift from the pri-
mary 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 articular cartilage. 

 The ACL is the most commonly injured knee 
ligament and it is a primary constraint to antero-
posterior joint translation, 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 ante-
rior cruciate ligament reconstruction or menis-
cus repair prevents the development of 
osteoarthritis in the long term. There is evidence 
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of  radiographic osteoarthritic changes in 
50–80 % of injured knees even after adequate 
ACL reconstruction [ 19 ]. 

 This can be due to a persistent excessive tibial 
rotation during demanding activity. This is the case 
of athletes whose return to high functional demand-
ing 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 justify our every-
day handling of ligamentous injuries.   

28.3     Diagnosis 

 The classifi cation criteria, used typically as inclu-
sion criteria in clinical trials worldwide, are 
mostly the combination of clinical and radio-
graphic fi ndings. They include one of the follow-
ing three fi ndings, age above 50, stiffness less 
than 30 min, and crepitus, together with struc-
tural changes, i.e., osteophytes and joint space 
narrowing (Kellgren II on standardized radio-
graphs). These classifi cation criteria display a 
91 % sensitivity and 86 % specifi city. Recently, 
in an attempt to harmonize studies addressing the 
underlying genetic basis of OA, Kerkhof HJ et al. 
[ 20 ] published recommendations on standardiza-
tion of OA phenotypes, suggesting that at least 
one defi nite osteophyte with possible joints space 
narrowing is needed to establish the diagnosis of 
radiological knee OA. Additional issues around 
the OA knee phenotype have been reported in 
other publications, highlighting the pitfalls in 
defi ning symptomatic and radiological OA [ 21 ]. 

 Defi ning classifi cation criteria of symptomatic 
early knee OA is certainly challenging, but is obvi-
ously based on the fact that the patient cannot be 
classifi ed as established OA. To make it clinically 
relevant, and to help classifying patients for clini-
cal trials, would still imply the combination of 
symptoms, signs, and structural changes. However, 
strict radiographic criteria as defi ned by Kellgren 
will not suffi ce to capture an early OA population. 
Therefore, a more comprehensive classifi cation 
allowing other methods of structural assessment 
such as arthroscopy and MRI is proposed. 

 As suggested above, and in view of the exist-
ing classifi cation criteria for OA, the following 
criteria are proposed. A patient can be classifi ed 
as having early OA of the knee based on clinical 
and imaging fi ndings and should fulfi ll the fol-
lowing three criteria:

    1.    Pain in the knee   
   2.    Standard radiographs Kellgren–Lawrence 

grade 0 or I or II (osteophytes only)   
   3.    At least one of the two following structural 

criteria:
•    Arthroscopic fi ndings of cartilage lesions  
•   MRI fi ndings demonstrating articular cartilage  
•   Degeneration and/or meniscal degenera-

tion and/or subchondral BMLs         

28.4     Treatment Strategy 

 There are two approaches to early osteoarthritis, 
conservative and surgical. 

 Conservative approach is usually the fi rst 
choice in early knee degenerative processes, with 
no clear lesions or associated abnormalities 
requiring surgical procedures. 

 If we exclude the oral medication (NSAIDs, 
COX inhibitors) and exercise, of which we will 
not cover here, conservative treatment trend now-
adays involves injective treatments. 

 Corticosteroid intra-articular therapy was 
fi rstly described in 1951 by Hollander [ 22 ], and 
the fi rst clinical trial was performed by Miller 
et al. [ 23 ]. Since then short-term benefi ts of i.a. 
corticosteroids are well established and univer-
sally accepted; however, long-term benefi ts have 
not been confi rmed and repeated use is contro-
versial, since they might facilitate tissue atrophy, 
joint destruction, or cartilage degeneration. 

 Viscosupplementation, which involves the use 
of i.a. injections of hyaluronic acid (HA), adds 
this glycosaminoglycan to the joint, providing 
lubrication and shock adsorbency   , and acts as a 
backbone for the proteoglycans of the extracel-
lular matrix. 

 HAs on the market differ in molecular weight, 
method of preparation, dose instructions, 
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 biologic characteristics, and possible clinical 
outcome. Clinical trials do not confi rm that dif-
ferences 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 [ 24 ]. 

 Another injective procedure based on the use 
of autologous blood derivatives have been devel-
oped 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 concentrate platelets, which are injected into 
the joint. Kon et al.[ 25 ] published a pilot study on 
100 patients, with evidence of safety, pain reduc-
tion, and improved function. The evaluation per-
formed at 2 years follow-up [ 26 ] showed an 
overall worsening and showed a median duration 
of the benefi cial effect of 9 months. It is interest-
ing that better results were found in patients with 
no clear signs of osteoarthritis, suggesting indica-
tion 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 espe-
cially for those patients eligible for joint replace-
ment 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 fail-
ure of conservative management and lack of 
other alternatives.    Moreover, patients with sys-
temic infl ammatory disease and who are heavy 
smokers and obese are not good candidates for 
cartilage repair.  

28.5     Surgical Treatment 

 As stated before varus or valgus malalignment of 
the lower extremity results in an abnormal load 
distribution across the medial and lateral tibio-
femoral compartment, thus leading to unicom-
partmental OA. It is caused by local overload 
exceeding 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 meniscal 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 compart-
ments is considered a contraindication, and such 
patients should be considered for arthroplasty. 

 This procedure does not require permanent 
activity restriction thus being suitable for young 
active patients, even though it’s not indicated 
during an elite football career as it has long reha-
bilitation and it is often performed bilaterally and 
could compromise a sportsman career. 

 However, it is indicated early after football 
dismissal in order to prevent rapid OA progres-
sion, leading the ex-footballer to an early joint 
replacement. 

 Closing-wedge high tibial osteotomy in asso-
ciation with ACL reconstruction and/or meniscal 
allograft transplantation has shown good results 
in varus angulated knees (combine ACL recon-
struction 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 surgery, comprehends quadriceps muscle 
isometric exercises, straight leg raises, patellar 
mobilization, and electric muscle stimulation. 

 After 2 weeks   , passive range of motion exer-
cises (0°–90°) with motorized hardware. 
Complete range of motion should be achieved at 
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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, progres-
sive weight-bearing. Swimming pool exercise 
   and stationary bike should start from week 5, run-
ning 4 months after surgery, and a return to sport 
activity after 8 months [ 27 ]. 

 To address focal chondral defects, osteochon-
dral autograft transfer represents a good single- 
stage technique that involves harvesting and 
implantation of autologous osteochondral plugs. 

 From a small incision plugs are harvested 
from lesser weight-bearing regions such as the 
medial and lateral margins of the trochlea, the 
intercondylar notch, or the sulcus terminalis of 
the lateral femoral condyle [ 28 ]. 

 Patients shouldn’t 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 amma-
tory disease, uncorrectable ligamentous instabil-
ity, or malalignment. 

 Rehabilitation, starting from day 1 after sur-
gery, should engage in passive motion without 
ROM limitations, except in case of patellofemo-
ral lesions. 

 Toe-touch weight-bearing    for the fi rst 6 weeks 
and then progressive. 

 If muscle mass is restored and ROM is com-
plete, full athletic activity is permitted 4 months 
after surgery, and a return to sport at the preop-
erative 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. [ 29 ] 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 implanta-
tion (ACI) in small to medium lesions [ 30 ,  31 ]. 

 In patients with bigger lesions, results are 
expected to be inferior than for focal lesion; how-
ever, they have few alternative 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 biodegradable scaffold, mostly 
collagen or hyaluronan based, as cell carriers, 
facilitating implantation and maintaining 
chondrocyte- differentiated phenotype, which is 
mostly done arthroscopically. 

 This surgical technique is indicated for young 
active patients with large chondral lesions, after a 
careful evaluation of comorbidities such as 
malalignment and meniscal or ligamentous insuf-
fi ciency that should be addressed concurrently 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 are suggested. 

 A CPM machine is used for 6 weeks in asso-
ciation with isometric exercise for the quadriceps. 
Strengthening and proprioceptive 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. [ 32 ] showed that hyaluronan is 
able to recreate an ideal environment for the cells. 
Their results suggest that the scaffold might favor 
the activation of anabolic 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. 

 Filardo et al. [ 33 ] analyzed a group of patients 
with degenerative cartilage lesions treated with 
arthroscopic second-generation hyaluronan scaf-
fold ACI. All the scores evaluated showed a sta-
tistically signifi cant improvement at medium-term 
follow-up. However, the number of failures was 
quite high: 18,5    % at 6 years follow-up. 

 Aging and joint overuse in footballers may 
lead to degenerative or traumatic meniscal 
lesions. Treatment may include meniscal resec-
tion, meniscal suture, or meniscal replacement 
using scaffolds or allografts. 

 Meniscal scaffolds are    indicated in case of 
history of meniscal injury with loss of >25 % of 
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meniscal tissue, both traumatic and iatrogenic, in 
the absence of minimal chondral damage. They 
require some residual meniscal tissue for attach-
ment, thus being contraindicated in meniscecto-
mized patients without anterior/posterior horn 
attachments and a circumferential rim. 

 Meniscal allograft transplantation is indicated 
in a young patient with a history of meniscec-
tomy and pain in the meniscus-defi cient compart-
ment, 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 symp-
tom onset. 

 In patients with advanced chondral degenera-
tion or evidence of signifi cant osteophyte forma-
tion or femoral condyle fl attening, this procedure 
is contraindicated. Other contraindications are 
obesity, instability, synovial defects, infl amma-
tory disease, and previous joint infection. 

 Rehabilitation guidelines for meniscal scaf-
folds include limited weight-bearing and motion 
for the fi rst 6–8 weeks and a return to sport after 
6 months. 

 In case of meniscal allograft transplantation, 
weight-bearing is not permitted for 3 weeks fol-
lowed by 3 weeks of partial weight-bearing and 
progression to full weight-bearing between week 
6 and week 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 shouldn’t be introduced before week 2. 

 Meniscal scaffold has    the general risks associ-
ated 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. [ 34 ] reported a 10-year fol-
low- up in 33 male patients after either Menafl ex 
(ReGen Biologics, USA) or partial medial menis-
cectomy (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 sta-
ble or improved cartilage scores compared to 
baseline, and statistically signifi cant improve-
ments 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 pain-
ful knees. Signifi cant pain reduction and functional 
improvement have been reported in a high percent-
age of patients and appear to be long-lasting, pre-
venting further cartilage  degeneration [ 35 ,  36 ]. 
There seems to be a strong rationale for adding 
meniscal transplantation to cartilage repair proce-
dures motivated by the well-known deleterious 
effects of meniscal loss and positive outcomes. 

 Marcacci M. and Zaffagnini et al. published 
the results after 36 months follow-up after 
arthroscopic meniscus allograft transplantation 
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 outcomes of arthroscopic MAT in male 
professional soccer players, suggesting its feasi-
bility 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.  

28.6     Conclusion 

 High functional demand and limited treatment 
options make early OA a challenging pathology 
to deal with. Conservative measures as physical 
therapy and injections are only palliatives that 
can provide short-term pain relief. 
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 Cartilage repair represent a promising treat-
ment option for such patients. We are seeing a 
rapid development of new promising technolo-
gies whose aim is to provide easier application 
techniques, less demanding rehabilitation, and 
better outcomes. Normalizing knee biomechan-
ics with concurrent procedures such as meniscal 
transplantation and osteotomy still remains a cru-
cial procedure to provide an adequate environ-
ment for these new technologies, and such 
procedures should be performed early after foot-
ball career dismissal, in order to prevent the pro-
gression of early OA. 

 Literature shows that the prevalence of knee 
OA in former elite soccer players is high com-
pared to the general population and to other occu-
pations. To identify players at risk for OA, a 
health surveillance program could be imple-
mented in elite soccer, and preventive measures 
for injuries should be made. Additionally, 
whether the risk of developing OA varies among 
different subgroups of elite soccer players, for 
example, among different positions or age 
groups, remains to be explored. In this way, ade-
quate prevention can focus on these high-risk 
subgroups. Furthermore, it should be determined 
what the consequences of knee OA in former 
elite soccer players are. It could be determined if 
retired players diagnosed with OA encounter any 
limitations in their activities and daily function 
and if OA affected the quality and length of their 
professional careers [ 37 ]. 

 Joint replacement, indicated in older popula-
tion, 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. 

28.6.1     Practical Implications 

•     As the prevalence of knee and/or ankle OA in 
former elite soccer players is high, health surveil-
lance program should be implemented in elite 
soccer, and preventive measures for injuries 
should be made to identify players at risk for OA.  

•   Whether the risk of developing OA varies 
among different subgroups of elite soccer 

players, for example, among different posi-
tions or age groups, should be explored in 
order to develop and implement adequate pre-
vention programs.  

•   With regard to the high prevalence of knee 
and/or ankle OA in former elite soccer play-
ers, it should be determined if retired players 
diagnosed with OA encounter any limitations 
in their activities and daily function and if OA 
affected the quality and length of their profes-
sional careers.         
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      Groin Pain 

           Nicola     Maffulli      ,     Alessio     Giai Via      , 
and     Francesco     Oliva     

29.1             Introduction 

 Groin pain is well known among both athletes and 
physicians. Groin injuries account for about 6 % 
of all athletes’ injuries, and the incidence increases 
up to 13 % in specifi c sport such as soccer [ 13 ]. 
The incidence ranges from 12 % to 16 % of all 
injuries per season in a recent prospective study of 
hip and groin injuries in professional soccer play-
ers, with a mean absence from competitions of 15 
days [ 61 ]. This is probably due to typical soccer 
movements like jumps, dribbling and rapid twist-
ing which cause high stress to the pubic symphy-
sis and muscular imbalance. Kicking and running 
on uneven surfaces, male gender and preseasonal 
training are considered risk factors for developing 
groin pain [ 26 ]. 

 Diagnosis and management are major chal-
lenges for physicians because the aetiopathogene-
sis is not clear yet. Diagnosis is diffi cult because of 
the anatomical complexity of the groin area, the 
biomechanics of the pubic symphysis region and 
the large number of potential sources of groin pain 
(Table  29.1 ). A recent review reported that 
30–90 % of patients are affected by different coex-
isting groin pathologies [ 56 ]. This condition justi-
fi es the term ‘groin pain syndrome’ (GPS). The 
nomenclature is also confusing. Many athletes 
with a diagnosis of ‘sport hernia’ or ‘athletic pub-
algia’ have a spectrum of related pathologic condi-
tions resulting from musculotendinous injuries 
and subsequent instability of the pubic symphysis 
without any fi nding of inguinal hernia at physical 
examination. For this reason, the term ‘groin pain 
disruption’ introduced by Gilmore is becoming 
more popular [ 19 ].

   Management of groin pain is diffi cult, and 
patients usually undergo prolonged rest and many 
different treatments. The management of groin 
pain is multidisciplinary and consists of rehabilita-
tion, physical therapies or surgery for patients who 
do not respond to conservative treatments [ 55 ].  

29.2     Groin Anatomy 

 Knowledge of groin anatomy is of great impor-
tance in understanding the causes of groin pain. 
The groin region consists of ligaments, tendons, 
muscles and fascia which all insert to the pubic 
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bone and symphysis. The inguinal region  consists of 
the inferior part of large fl at muscular sheets 
(obliquus externus, internus and transversus abdom-
inis), the rectus abdominis, the pyramidalis, the 
inguinal canal, the symphysis pubis and the femoral 
triangle. Central to the groin area is the inguinal 
ligament. The inguinal ligament is an important 
connective tissue structure which supports soft tis-
sues in the groin as well as the external abdominal 
oblique muscle. It arises from the inferior aponeuro-
sis of the external abdominal oblique and runs 
obliquely across the pelvis. On its superior and lat-
eral end, it connects to the anterior iliac spine of the 
ilium and extends to the pubic tubercle of the pubis 
bone on its inferior and medial end. The inguinal 
ligament supports the muscles that run inferior to its 
fi bres, including the iliopsoas and pectineus muscles 
of the hip. It also supports the nerves and blood ves-
sels of the leg as they pass through the groin, includ-
ing the femoral artery, femoral vein and femoral 
nerve. The support provided by the inguinal liga-
ment is important to maintain the fl exibility of the 
hip region while allowing vital blood and nerve sup-
ply to the leg. A small opening in the muscles and 
connective tissues of the abdomen, the superfi cial 
inguinal ring, is located just  superior to the inguinal 
ligament. This opening is part of the inguinal canal 

and permits the spermatic cord in males and the 
round ligament of the uterus in females to exit the 
abdominopelvic cavity and pass through the exter-
nal tissues of the pelvis. The pubic symphysis is an 
amphiarthrodial joint with limited mobility (it can 
be moved roughly 2 mm with 3° of rotation) but 
with good capacity of load absorption, thanks to the 
presence of hyaline and fi brous cartilage and con-
nective tissue on its surface. The abdominal and 
paravertebral muscles act synergistically to stabi-
lize the symphysis pubis during movements, par-
ticularly during static or dynamic single-leg stance 
[ 4 ]. The adductor muscles act as antagonists and 
exert opposing traction and rotation on the pubic 
symphysis. The femoral triangle is located in the 
upper inner thigh, and several structures pass 
through it: the femoral nerve, the femoral vessels 
and the sartorius, the iliopsoas, the pectineus and 
the adductor longus muscles. The adductor mus-
cles also comprise the adductor brevis, the adduc-
tor magnus and the gracilis. Many peripheral 
nerves cross or innervate the anatomic structures 
of the inguinal region. These include the ilioingui-
nal nerve (T8–L1); the obturator nerve (L2–L4); 
the medial and intermediate cutaneous nerve of 
the thigh (L2–L3), with sensory function; and the 
femoral nerve (L2–L4) [ 4 ].  

   Table 29.1    Differential diagnosis of groin pain   

 Intra-articular pathologies  Extra-articular pathologies  Non-musculoskeletal disorders 

 Femoroacetabular impingement (FAI) 
syndrome 

 Insertional adductor and rectus 
abdominis tendinopathy 

  Intra-abdominal pathologies  

 Acetabular labral tears  Groin pain disruption  Appendicitis 

 Chondral lesions  Osteitis pubis  Diverticulitis/diverticulosis 

 Femoral neck stress fractures  Greater trochanter pain syndrome  Lymphadenitis 

 Osteoarthrosis  Lumbar radiculopathy  Infl ammatory bowel disease 

 Transitory synovitis  Pubic ramus stress fracture  Inguinal hernia 

 Osteonecrosis of the femoral head  Apophyseal avulsion fractures 

 Osteochondritis dissecans  Sacroiliac joint disorders   Genitourinary  

 Legg-Calvè-Perthes disease  Nerve entrapment  Adnexal torsion 

 Epiphysiolysis of the femoral head  Snapping hip syndrome  Nephrolithiasis 

 Septic arthritis  Orchitis 

 Oncologic process  Ovarian cysts 

 Pelvic infl ammatory disease 

 Urinary tract infections 

 Endometriosis 

 Prostatitis 

 Testicular cancer 
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29.3     Insertional Adductors 
and Rectus Abdominis 
Tendinopathy 

 Insertional tendinopathy of the adductors and 
rectus abdominis is a frequent cause of groin 
pain in athletes. It involves the adductor mus-
cles and/or the rectoabdominal muscles [ 57 ]. 
The incidence of insertional adductors tendi-
nopathy is about 2.5–3 % in athletes and is more 
frequent in soccer, basketball, hockey and rugby 
players and long-distance runners [ 44 ]. More 
than 70 % of patients are males. Even if inser-
tional adductor tendinopathy can develop inde-
pendently, in most of the cases, it occurs in 
association with osteitis pubis. Hiti et al. sug-
gested that groin pain and pubic osteitis are the 
most common causes of chronic groin pain in 
athletes [ 21 ]. 

 The aetiopathogenesis is multifactorial. It is 
related to functional overuse and repeated micro-
traumas caused by torsion and traction of abdom-
inal and adductor tendon insertions. The 
overloading of the pubic symphysis and inser-
tional tendons could be induced by the strength 
imbalance between the hypertonic adductor mus-
cle and hypotonic large fl at muscular sheets of 
the abdomen [ 42 ]. Other authors suggest that this 
condition could also be induced by the hyperto-
nia of the quadriceps femoris muscle [ 57 ]. Some 
intrinsic and extrinsic factors may predispose 
athletes to develop insertional adductor tendinop-
athy. The muscular imbalance is the main intrin-
sic factor, while reduced fl exibility of the 
posterior chain muscles and/or iliopsoas-lumbar 
hyperlordosis; sacroiliac, sacrolumbar and hip 
arthropathy; and marked asymmetry and/or dis-
symmetry of lower limbs are other risk factors. 
Incorrect athletic training, unsuitable footwear 
and unfavourable conditions of the playground 
are considered as extrinsic factors [ 57 ]. 

29.3.1     Clinical Examination 
and Diagnosis 

 The main symptom is groin or lower abdominal 
pain, with radiation to the medial aspect of the 

thigh, abdomen and, in some cases, perianal area. 
The symptoms are unilateral at the beginning and 
occur after sport but this condition is progressive 
in nature, limiting or stopping the sporting activi-
ties. In advanced stages, the pathology could 
progress bilaterally and could affect social life 
and everyday activities such as climbing stairs 
and getting up from a bed or a chair. Sometimes 
sneezing, coughing, defecating and sexual activ-
ity can reproduce the symptoms [ 48 ]. 

 Diagnosis is based on clinical examination 
and supported by imaging. Painful points such as 
tendon insertions of adductor, rectoabdominal 
and iliopsoas muscles, the pubic symphysis and 
iliac spines are evaluated. Pain can also be repro-
duced with adduction or contraction of the 
abdominal, the iliopsoas, the rectus femoris and 
the adductor muscles against resistance and with 
passive stretching of the adductors and iliopsoas 
muscle. The mobility of the hips on all planes 
should be assessed. Specifi c tests show the short-
ening of the anterior chain (test of Thomas), the 
posterior chain (hamstring muscles) and sacroil-
iac joint (test of Patrick and test of Gaenslen). 
Finally, a peripheral neurological examination 
should be conducted. 

 Plain radiographs, ultrasound scan and MRI 
are useful to confi rm the diagnosis. Plain radio-
graphs are useful to exclude different causes of 
groin pain, including femoroacetabular impinge-
ment (FAI), hip osteoarthritis or fractures. 
Flamingo stress views are used to assess pelvic 
stability, which is measured as the amount of ver-
tical displacement observed at the symphysis 
[ 18 ]. Flamingo stress views are obtained with the 
patient bearing weight alternately on each leg. If 
a displacement greater than 2 mm at the symphy-
sis pubis is observed, a macro-instability of the 
symphysis pubis can be diagnosed. Other indirect 
signs of pelvic instability can be observed at 
plain radiography, such as spurs of the cortical 
bone, subchondral cysts and associated widening 
of the sacroiliac joint (Fig.  29.1 ). Ultrasound 
evaluation allows to assess musculotendinous 
structures, soft tissues and insertional area of ten-
dons and ligaments. MRI usually shows bone 
marrow oedema, insertional tendinopathy of the 
adductors and rectus abdominis [ 45 ] and 
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 symphysis capsular disruption; central disc 
 protrusion may also be present, in particular in 
soccer players [ 7 ].   

29.3.2     Treatment 

 The management is multidisciplinary. Treatment 
includes rest and focused rehabilitation. 
Rehabilitation phases can be divided in acute, 
subacute and return to sport [ 57 ]. The fi rst goal 
during acute phase is pain reduction. For this pur-
pose, pharmacological, instrumental, physical 
and manual therapies are recommended. Laser 
therapy and extracorporeal shock wave therapy 
are useful to relieve pain. Rehabilitation measures 
consist of postural balance techniques through 
global and site-specifi c stretching, the use of 
mechanical and proprioceptive orthotic insoles 
and global postural re-education [ 60 ]. In the early 
stages, physical therapy involves isometric 
strengthening of the abdominal muscles and 
adductor muscles in the gym or in a therapeutic 
swimming pool. In the subacute phase, muscle 
strengthening is increased by the introduction of 
concentric and eccentric exercises and by cardio-
vascular reconditioning. Core stability exercises 
are useful in this phase [ 39 ]. Finally, running is 
gradually introduced, at fi rst on a treadmill. The 
return-to-sport phase of rehabilitation consists of 
aerobic running with increasing speed. 

 If conservative measures have failed for at least 3 
months, surgical intervention may be necessary 

[ 57 ]. Adductor longus tenotomy is commonly 
 performed in order to reduce the stress of the hyper-
tonic adductor muscle on the pubic symphysis and 
to reduce the muscular imbalance of the adductor-
abdomino. Many authors reported good results and 
high rate of return to sport after adductor longus 
tenotomy. In a large series of professional soccer 
players, Mei-Dan et al. reported good or excellent 
results in 80 % of patients with a mean return to 
sport in 11 weeks (range, 4–36 weeks) [ 37 ]. 
Robertson et al. reported improvements in 91 % of 
patients (99/109) in particular in patients with the 
worst preoperative symptoms [ 49 ]. More recently 
good results have been reported with bilateral mini- 
invasive adductor tenotomy for athletes suffering 
from unilateral adductor longus tendinopathy refrac-
tory to nonoperative management [ 35 ]. At the time 
of the latest follow-up, 76 % of patients returned to 
their pre-injury level of sport or higher levels, with a 
median time to return to sport of 18 weeks. However, 
3 of 29 patients ceased to participate in sport. 
Concern following adductor tenotomy is the poten-
tial for loss of hip adductor strength, although this 
does not seem to infl uence participation in high-
level sport [ 1 ,  37 ].   

29.4     Femoroacetabular 
Impingement Syndrome 

 Femoroacetabular impingement (FAI) syn-
drome is a common cause of pain and discomfort 
in young active non-dysplastic patients [ 16 ]. 

  Fig. 29.1    Flamingo stress views show pelvic instability with displacement at the symphysis pubis greater than 2 mm. 
Note the subchondral cyst ( black arrow ) which is an indirect sign of degenerative changes       
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Two types of impingement have been described, 
namely, cam impingement and pincer  impingement. 
Cam impingement is caused by an abnormal 
morphology of the femoral head with increasing 
radius into the acetabulum during forceful 
motion, especially fl exion. Pincer impingement 
is the result of an altered anatomy of the acetab-
ulum, as coxa profunda or abnormal retrover-
sion or anteversion of the acetabular rim, which 
cause pathological contact between the acetabu-
lar rim and the femoral head-neck junction [ 16 ]. 
Dynamic pincer impingement can occur in nor-
mal hips if the required range of movement is 
large or translated, as in dancers, gymnasts and 
hockey players [ 5 ]. Cam-type impingement is 
more common in young and athletic males, 
while the pincer-type impingement is more 
common in middle-aged females [ 16 ]. However, 
a minority of patients present pure FAI (14 %): 
most patients have a combination of both forms 
(86 %), the so-called mixed pincer and cam 
impingement. 

 FAI alters the biomechanics of the hip result-
ing in painful and limited range of motion, 
mostly in fl exion and internal rotation. In cam 
impingement, the nonspherical portion of the 
femoral head adducting against the acetabular 
rim leads to deep chondral lesions and extensive 
labral tears. In pincer-type impingement, the 
fi rst structure to fail is the acetabular labrum, 
leading to ossifi cation of the rim and additional 

deepening of the acetabulum and worsening of 
the coverage. In pincer impingement, chondral 
lesions are smaller than in cam type and often 
limited to a small rim area [ 16 ]. However, FAI is 
not symptomatic in all cases. FAI in healthy 
young adults may be asymptomatic up to 35 % 
of cases [ 30 ]. 

29.4.1     Diagnosis 

 Groin pain and limited hip motion are the clinical 
key symptoms and signs of FAI. A decreased 
ROM, in particular of internal rotation, is the 
most common sign in case of FAI. People with 
asymptomatic FAI also demonstrate reduced 
ROM compared with people with no evidence of 
FAI [ 11 ]. Many specifi c clinical tests have been 
developed to support clinical diagnosis of FAI. A 
recent systematic review showed that hip-specifi c 
tests have high sensitivity but poor specifi city and 
that only the FADIR test (fl exion, adduction and 
internal rotation test) and the fl exion-internal 
rotation test are valuable screening tests for FAI 
and acetabular labral tears [ 47 ]. 

 Standard anteroposterior pelvic and lateral 
cross-table radiographs supported the fi rst clin-
ical suspicion of FAI disease (Fig.  29.2 ). MRI 
arthrography with gadolinium is important for 
assessing the status and extent of labral and 
cartilage lesions (Fig.  29.3 ) [ 22 ].    

  Fig. 29.2    FAI of a 31-year-old soccer player. Large chondral lesions are evident at plain radiographs       
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29.4.2     Treatment 

 The management of FAI is still controversial. 
The appropriate timing for surgery is also 
debated, even though recent studies showed that 
delayed surgery may lead to progression of the 
disease to the point where joint preservation is no 
longer indicated [ 34 ]. Some authors suggest that 
patients should undergo surgery within 6 months 
of symptom onset [ 3 ]. 

 Surgery is indicted to relieve symptoms, to 
treat concomitant degenerative joint disease and 
to encourage return to sport. According to present 
data, arthroscopy, open surgery and arthroscopic 
followed by mini-open surgery are comparable 
for functional results, biomechanics and return to 
sport [ 46 ]. Hip dislocation and open osteochon-
droplasty were considered the gold standard treat-
ment, with good to excellent results in 70–80 % of 
patents [ 16 ,  34 ,  41 ]. These authors suggest that 
complex bony abnormalities  including extra-
articular impingement, major deformities and 
global pincer FAI are better treated by open tech-
niques, which also allow femoral osteotomies or 
acetabular reorientations when they seem appro-
priate. Heterotopic ossifi cation is the most fre-
quent complication after open surgery [ 46 ]. 

 Recent studies reported good results after less 
invasive arthroscopic treatment in terms of time 
to recovery and allowing 93 % of patients to 
return to their pre-injury sport [ 46 ]. In a study on 
more than 600 patients, the quality of life scores 
improved in 76.6 % of cases after hip arthroscopy 
at 3 years follow-up [ 36 ]. However, arthroscopy 
is more technically demanding. A need for a revi-
sion hip arthroscopy has been reported for persis-
tent symptoms, further debridement, lysis of 
adhesions and advanced osteoarthritis. A recent 
study showed that, in patients who undergo revi-
sion hip arthroscopy for persistence of groin 
pain, fi ndings of FAI are still evident at imaging 
and revision surgery [ 20 ]. 

 Finally, it is diffi cult to state whether surgery 
modifi es the evolution of osteoarthritis in young 
patients and contributes to prevent the development 
of osteoarthritis. Open dislocation and debridement 
show a higher rate of conversion to total hip arthro-
plasty, particularly in patients with pre-existing 
severe osteoarthritis and cartilage lesions [ 46 ]. 
Concomitant cartilage lesions and degenerative 
changes result in lower clinical and functional 
scores, short-term pain relief, no evidence of long-
term satisfactory outcomes and higher rate of con-
version to total hip arthroplasty [ 46 ].   

  Fig. 29.3    T1- and T2-weighted MRI with gadolinium of the same patient showing “Large osteochondral lesions and 
labral tear       
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29.5     Osteitis Pubis 

 Osteitis pubis is a painful degenerative condi-
tion of the pubic symphysis, surrounding soft 
tissues and tendons. It was fi rst described by 
Beer in 1924 [ 53 ], and it is currently considered 
as one of the most debilitating syndromes to 
affect athletes [ 50 ]. The incidence in the general 
athletic population has been reported as 
0.5–7 %. It mostly affects basketball players, 
distance runners and athletes participating in 
kicking sport, such as soccer or football, where 
the incidence is up to 13 % in patients with 
groin pain [ 9 ]. It affects more often males, while 
it has been reported in females in about 5 % of 
cases [ 58 ]. 

 Even though the pathogenesis is still debated, 
currently the new concepts of ‘sport-related 
chronic groin injury’ and ‘groin disruption 
injury’ describe a condition of chronic groin pain 
associated with pubic instability [ 58 ]. Muscle 
imbalance between the abdominal and hip adduc-
tor muscles is considered the most important 
pathogenetic factor in the development of this 
condition [ 14 ]. The abdominal muscles act syner-
gistically with the posterior paravertebral mus-
cles to stabilize the symphysis, allowing 
single-leg stance while maintaining balance and 
contributing to the power and precision of the 
kicking leg. The adductors are antagonists to the 
abdominal muscles. Imbalances between abdom-
inal and adductor muscle groups disrupt the equi-
librium of forces around the symphysis pubis, 
predisposing the athlete to a subacute periostitis 
caused by chronic microtrauma. 

29.5.1     Clinical Presentation 
and Diagnosis 

 Athletes with osteitis pubis commonly present 
with anterior and medial groin pain and, in some 
cases, may have pain centred directly over the 
pubic symphysis. Pain may also be felt in the 
adductor region, lower abdominal muscles, peri-
neal region, inguinal region or scrotum. The pain 
is usually aggravated with running, cutting, hip 
adduction and fl exion against resistance and 
loading of the rectus abdominis [ 6 ]. 

 The diagnosis is clinical, based on clinical his-
tory, physical examination and functional assess-
ment. Physical examination fi ndings include 
tenderness to palpation of the pubic symphysis 
and pain with resisted strength testing of the 
adductor and lower abdominal muscle groups. 

 Imaging studies include plain radiography, 
MRI and CT scan, and they are advocated to 
exclude concomitant pathologies. MRI can show 
bone marrow oedema, and MRI fi ndings were 
graded according to subchondral bone oedema, 
fl uid in the pubic symphysis and periarticular 
oedema [ 29 ]. Osteitis pubis has been classifi ed 
according to the severity of symptoms by 
Rodriguez et al. (Table  29.2 ) [ 50 ].

29.5.2        Treatment 

 Management is conservative fi rst, while surgery 
is indicated in unresponsive patients. Many stud-
ies proposed different treatment options depend-
ing on the severity of symptoms. However, a 

   Table 29.2    Stages of osteitis pubis according to Rodriguez et al.   

 Side of pain  Side of pain  Characteristics of pain 

 Stage 1  Unilateral symptoms  Inguinal, with radiation to 
adductors. Usually involve the 
dominant leg 

 Mechanical, settles after rest, returns 
after training 

 Stage 2  Bilateral symptoms  Inguinal pain involving the 
adductor muscles 

 Increases after training 

 Stage 3  Bilateral symptoms  Groin, adductor region, 
suprapubic, abdominal muscles 

 During training, kicking, sprinting, 
turning. Cannot achieve training 
goals, forced to withdraw 

 Stage 4  Generalized symptoms  Generalized, pelvic girdle and 
radiation to lumbar region 

 Walking, getting up, straining at stool, 
simple activities of daily living. Pain 
with defecation and sneezing 
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recent systematic review showed that no level 1 
studies are reported in literature. Current treat-
ment of osteitis pubis is based on level 4 evidence 
studies, making it diffi cult to compare the effi -
cacy of different treatment protocols [ 9 ]. 

 A progressive rehabilitation programme pro-
duces good results [ 24 ]. Patients are moved 
through the protocol stages after they are able to 
perform exercises without pain and have achieved 
adequate levels of movement and core stability 
grading. The fi rst stage is to focus on pain control 
and improve lumbo-pelvic stability. Gentle pro-
longed stretching, except for the adductors and 
ischiopubic muscles, is started. Cycling on an 
exercise bike is introduced as cardiovascular 
training. In the second stage, Swiss balls and 
other aids are indicated to perform resistance and 
strength contraction exercises of the pelvic fl oor, 
transversus abdominis and multifi dus muscles. 
Gluteal strengthening is started. In the third and 
fi nal stage, eccentric work on the sliding board is 
started. Running time is gradually increased, and 
changes of pace and direction are introduced. To 
reproduce the sport requirements, athletes start 
training on the fi eld performing exercises mim-
icking their sport. Kicking is allowed only at the 
end of this stage. Eccentric abdominal wall 
strengthening exercises are started. Good results 
have been reported with this progressive rehabili-
tation programme, and most of the athletes diag-
nosed with stages III and IV returned to sport 
within 3 months (10–13 weeks). 

 Surgery is indicated in 5–10 % of cases which 
do not respond to conservative treatment [ 62 ]. 
Different surgical techniques have been 
described, such as curettage of the pubic sym-
physis, polypropylene mesh placement into the 
preperitoneal retropubic space and pubic sym-
physis stabilization. Satisfying results have been 
reported in a systematic review with these tech-
niques (72 % of return to sport for curettage of 
the pubic symphysis, 92 % for polypropylene 
mesh placement into the preperitoneal retropubic 
space and 100 % for pubic symphysis stabiliza-
tion) [ 9 ]. However, it is diffi cult to state which is 
the best treatment strategy for osteitis pubis 
because of lack of level 1 randomized controlled 
trials. Osteitis pubis has a negative impact on the 

career of an athlete, who may be obliged to stop 
their sporting activities. Prevention programmes 
based on specifi c sport-related demands should 
be tailored to the needs of each individual athlete. 
A correct diagnosis and an early treatment are 
fundamental for the management because 
patients diagnosed earlier experience fewer 
symptoms and faster return to play [ 64 ].   

29.6     Sportsman Hernia/Athletic 
Pubalgia 

 Sportsman hernia is a syndrome characterized by 
chronic groin pain in athletes that is associated 
with a small direct inguinal hernia [ 32 ]. The term 
athletic pubalgia is currently used to describe the 
disruption and/or separation of the more medial 
common aponeurosis from the pubis, usually with 
insertional tendinopathy of the adductors and rec-
tus abdominis muscles. In advanced phases, it can 
be associated with osteitis pubis and FAI. Currently, 
there is little consensus concerning this condition 
about aetiopathogenesis and even the nomencla-
ture. While many authors distinguish between the 
terms ‘sport hernia’ and ‘athletic pubalgia’, others 
consider them different aspects of the same pathol-
ogy considering the close relationship between 
structures implicated in the development of this 
condition [ 12 ,  31 ]. Different terms have also been 
used to describe this condition, including sport 
hernia, athletic pubalgia, Gilmore’s groin [ 19 ], 
footballers’ groin injury complex, pubic inguinal 
pain syndrome (PIPS) and syndrome of muscle 
imbalance of the groin [ 40 ]. As recent studies 
showed that this pathology rarely arises as a single 
condition but multiple coexisting pathologies are 
often present, such as posterior inguinal canal wall 
defi ciency and intra- and extra-articular patholo-
gies, the term ‘groin pain disruption’ (GPD) has 
become more popular [ 17 ]. 

 GPD is more frequent in males, but an increas-
ing number of female patients are being diag-
nosed [ 38 ]. The aetiology is debatable. Currently, 
many authors believe that the underlying aetiol-
ogy is muscular imbalance and pelvic instability 
[ 31 ,  40 ,  38 ], although isolated traumatic tears of 
the conjoint tendon are occasionally diagnosed. 
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29.6.1     Clinical Presentation 
and Diagnosis 

 Athletes typically complain of gradually increas-
ing activity-related lower abdominal and proxi-
mal adductor-related pain. The pain is typically 
located over the lower lateral edge of the rectus 
abdominis muscle and may radiate towards the 
testis, suprapubic region or adductor longus ori-
gin. The onset is usually insidious, but in some 
cases it can involve an initial sudden ‘tearing’ 
sensation. GPD pain is often aggravated by sud-
den acceleration, twisting and turning, cutting 
and kicking, sit-ups, coughing or sneezing [ 2 ]. 

 Diagnosis is dependent upon concordance 
between the patient history, physical examination 
and imaging investigation. Palpation for a posi-
tive inguinal cough impulse is usually either neg-
ative or equivocal. Valsalva manoeuvres such as 
coughing and sneezing can occasionally repro-
duce symptoms. Fifty percent of the hernias 
became more apparent with Valsalva manoeuvre, 
and imaging obtained during Valsalva manoeu-
vre aids in the detection and characterization of 
suspected abdominal wall hernias [ 23 ].  

29.6.2     Management 

 The fi rst approach to GPD is traditionally nonsur-
gical. However, there are issues unique to the ath-
lete regarding timing, sport seasons and level of 
athlete. Physical therapy is focused on core stabili-
zation, postural retraining and normalization of the 
dynamic relationship of the hip and pelvic muscles 
[ 31 ]. After a period of rest, a gradual pain-free pro-
gression to sport may be possible. However, there 
are very little data about the effectiveness of non-
surgical treatment. Physical therapy and laparo-
scopic surgical repair have been compared in a 
recent RCT [ 43 ]. The authors found that only 
50 % returned to sport in the nonsurgical group at 
1-year follow- up. Surgery is indicated after 3–6 
months of failed conservative treatments and when 
the athlete is limited in season and unable to par-
ticipate. A number of different surgical techniques 
have been described, including repair of the exter-
nal oblique, transversus  abdominis and transversa-

lis fascia, repairs with mesh reinforcement, 
laparoscopic repairs, mini-open repairs and broad 
pelvic fl oor repairs with or without adductor 
releases and neurectomies [ 31 ]. Surgical repair of 
the sportsman hernia is associated with good func-
tional outcomes, and 80–100 % return-to-sport 
rates have been reported [ 28 ,  43 ]. After surgery, a 
3-month programme of post-operative physiother-
apy is indicated to maintain pelvic stability and 
restore function.   

29.7     Greater Trochanter Pain 
Syndrome 

 Lateral hip pain is a debilitating condition charac-
terized by pain located at or around the greater 
trochanter. This is the site of confl uence of three 
bursae, the hip abductor-lateral thigh muscles and 
the iliotibial band (ITB). Described for years as 
trochanteric bursitis, advanced imaging and surgi-
cal fi ndings evidenced disorders involving partial 
tear or avulsion of the anterior aspect of the glu-
teus medius and minimus tendons, external snap-
ping hip and insertional tendinopathies with no 
real bursal involvement [ 10 ]. For these reasons, 
the term ‘greater trochanteric pain syndrome’ 
(GTPS) is now used to better defi ne this clinical 
condition [ 54 ]. GTPS is more frequent in women 
(F-M = 4:1) aged 40–60 years and affects from 
10 % to 25 % of the general population and up to 
35 % in patients who have leg length discrepan-
cies and low back pain [ 63 ]. Abnormal force vec-
tors acting across the hip, leading to abnormal hip 
biomechanics, are predisposing factors and also 
age, gender, ipsilateral ITB pain, knee osteoarthri-
tis, obesity, low back pain and specifi c sporting 
activities. The higher prevalence in women could 
be related to the confi guration of their pelvis. 
Though common in sedentary patients, runners 
are also particularly predisposed [ 2 ]. 

29.7.1     Clinical Presentation 
and Diagnosis 

 Diagnosis of GTPS is clinical. Patients usually 
report pain anterior or posterior to the greater 
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 trochanter from several months. Local tenderness 
over the greater trochanteric area can be noted at 
palpation and positive single-leg stance and 
resisted external rotation tests [ 33 ]. Plain radiog-
raphy excludes concomitant hip or knee joint dis-
ease and can detect insertional calcifi c deposits at 
the greater trochanter. Ultrasound scans can be 
indicated to assess abductor tendon thickening, 
tendinopathy and partial- or full-thickness tears 
[ 27 ]. When there is suspicion of involvement of 
the gluteus muscle tendons, MRI is effective to 
recognize partial- and full-thickness tears, tendon 
calcifi cation and muscle fatty atrophy.  

29.7.2     Management 

 Conservative measures including relative rest, 
anti-infl ammatory medication, ice, stretching and 
strengthening, physical therapy, shock wave ther-
apy, ultrasound and local corticosteroid injection 
are commonly used [ 10 ]. However, often symp-
toms linger and recurrence occurs, and symptom-
atic athletes need to modify training for prolonged 
periods. Corticosteroid injections have been used 
for many years, but recurrence of symptoms and 
incomplete relief have been commonly recorded 
[ 10 ]. An RCT evaluated three treatment proce-
dures, home training, corticosteroid injection and 
shock wave therapy [ 51 ]. Corticosteroid injec-
tions were found to be effective in the short term, 
with declining effectiveness over a few months. 
Repetitive low-energy radial SWT without local 
anaesthesia did not result in early pain relief, but 
provides a benefi cial effect over several months, 
with a success rate of 68 % at 4 months and 74 % 
at 15 months. Home training exercises included 
progressive exercise including piriformis stretch, 
iliotibial band stretch standing, straight leg raise, 
wall squat with ball and gluteal strengthening. 
Their effects were evident after 4 months, with a 
41 % success rate, increasing to 80 % at 15 
months. Home training exercises were more 
effective in the longer term. In a case control 
study, Furia et al. found that 76.5 % of patients 
who participated in regular sporting activities and 
were treated with SWT were able to return to 
sport at their pre-injury levels, compared to the 

66.7 % in the control group [ 15 ]. At the fi nal fol-
low- up, the number of patients with excellent and 
good results was signifi cantly higher after SWT. 

 Several surgical procedures have been 
described for patients’ refractory to conservative 
treatments. Brooker reported on fi ve patients 
treated with fenestration or T-shaped incision of 
the iliotibial band [ 8 ]. At 1 year, patients were sat-
isfi ed and had near-normal function, with a Harris 
Hip Score of 88 compared with a baseline score of 
46. Slawski and Howard performed a simple lon-
gitudinal incision of the iliotibial band (ITB) and 
bursectomy [ 52 ]. All the patients were satisfi ed. 
Kagan fi rstly described rotator cuff tears of the 
hip [ 25 ]. He reported good outcomes after open 
repair and suture reattachment of the gluteus 
medius at a median follow-up of 45 months. 
Recently, Voss et al. also reported successful 
short-term outcomes on 10 patients who under-
went endoscopic repair of gluteus medius tears 
[ 59 ]. However, despite the good results reported 
after open and arthroscopic procedures, all the 
studies are small and retrospective case series 
reporting success rates diffi cult to compare.   

29.8     Summary 

 Evaluation and treatment of groin pain in athletes 
is challenging. It is important to remember that 
‘groin pain’ means ‘pain in the groin area’ and is 
not a diagnosis. The groin anatomy is complex, 
and pain is often caused by the association of dif-
ferent conditions. Frequently, groin pain is a 
component of a more extensive pattern of ‘groin 
pain disruption’ which involves several concur-
rent pathologies. These may include not only 
intra-articular and extra-articular pathologies 
around the hip but also lumbar spine diseases, 
nerve entrapments and intra-abdominal and geni-
tourinary pathologies. Muscular imbalance and 
pelvic instability seem to be the common denom-
inator for many conditions causing athlete’s groin 
pain. Correct diagnosis is mandatory for appro-
priate management. As the differential diagnosis 
for chronic groin pain is wide, thorough clinical 
examination is paramount. Symptoms may over-
lap, and no high-specifi city tests are available. 
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Many different treatment protocols and strategies 
have been proposed to manage groin pain. 
Conservative management is indicated to stabi-
lize the pelvis and pubic symphysis. Core stabil-
ity exercises and muscle stretching and 
strengthening exercises of the abdominal, adduc-
tor, fl exor and extensor hip muscles are effective 
for this purpose. Better results have been reported 
after surgical treatment for FAI and sportsman 
hernia. Surgery is also indicted for patients who 
do not respond to conservative management. 
However, given the complexity of the pathology, 
proper treatment should be multidisciplinary.     
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30.1             FAI 

    FAI is a pathologic condition due to an abnormal 
contact between the articular rim of the acetabu-
lum and the proximal femoral portion, at the 
junction between the neck and the head. 

 R. Ganz has described the peculiarities of this 
pathologic condition in the 1990s and in 2008 he 
underlined that, in order to prevent hip arthritis, a cor-
rect therapeutic treatment of FAI has the same impor-
tance as a correct treatment of hip dysplasia [    1 ]. 

 The results in a recent study showed that ath-
letes facing impact sports are at an increased risk 
of physeal abnormalities of the anterosuperior 
head-neck junction that result in a CAM defor-
mity at skeletal maturity [ 2 ]. 

 The CAM-type impingement is sustained by an 
abnormal conformation 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  prominence 
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 internal rotation [ 3 ,  4 ]. 

 An excess of acetabular surface covering the 
femoral epiphysis causes PINCER impingement. 
The excessive acetabular coverage can be local-
ized, in the case of acetabular retroversion, or 
global and generalized, in the case of “coxa pro-
funda” or “protrusio acetabuli” [ 5 ]. Although this 
abnormal conformation grants a major area of 
superfi cial contact between the femoral head and 
the acetabular cavity, it is easy to understand that 
it leads to a precocious contact between the ace-
tabular edge and the femoral neck [ 6 ]. 

30.1.1     Clinical Presentation 

 As previously mentioned, CAM impingement is 
characterized by a loss of the femoral head sphe-
ricity. The continuous pressure that the bump has 
on the labrum gradually causes an unstable carti-
lage fl ap delamination and an enlarging area of 
exposed subchondral bone at the peripheral board 
of the acetabulum. 

 CAM impingement is more frequent in young 
and active men, with clinical appearance usually 
before 30 years of age [ 7 ]. 

 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 form-
ing 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 
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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 
examination, internal rotation is often very poor 
or completely absent, just as the combined move-
ment of fl exion, abduction and external rotation 
(FABER test). At the beginning of the symptoms 
caused by CAM impingement, very often the 
acetabular cartilage damage, which is peculiar of 
this pathologic condition, is already present, as it 
is sensibly precocious although clinical symp-
toms may be very occasional [ 8 ]. On the contrary, 
in the case of PINCER impingement, the com-
pression of the acetabular labrum activates the 
proprioceptive fi bers belonging to the labrum 
itself, so pain precociously appears and patients 
affected by PINCER impingement usually con-
sult an orthopedic surgeon before a cartilage 
damage has occurred. Obviously, in the case of 
PINCER impingement, the acetabular labrum is 
the very fi rst component to be involved in the 
contact between the femoral neck and the promi-
nent acetabular edge, and this contusive trauma 
leads to labrum tear and degeneration. Moreover, 
PINCER impingement causes a recoil damage in 
the posteroinferior portion of the acetabulum, 
because the contact between the prominent ace-
tabular edge and the femoral neck acts as a ful-
crum that shifts the femoral head frontward, till 
hitting the inferior portion of the cavity: this 
pathologic mechanism leads to the creation of the 
so-called contrecoup lesion. PINCER impinge-
ment is more frequent in active women, and 
symptoms are developed later compare to Cam 
FAI, at about 40 years of age. Differently from 
CAM impingement, the articular movement 
which mostly evocates pain is extension and 
external rotation of the hip, thus creating the 
“posterior impingement test” [ 1 ,  6 ]. Pain can be 
either localized at the groin, trochanteric area, or, 
typically in the case of PINCER- type FAI, glu-
teal area, specifi cally because of the contrecoup 
lesion previously mentioned above.  

30.1.2     Instrumental Exams 

 Because FAI is due to an abnormal contact 
between the articular surfaces, a complete and 

accurate radiological evaluation is essential [ 9 ]. It 
is mandatory to obtain a correct AP X-ray evalua-
tion: 120 cm between the origin of the X-rays and 
the patient, whose inferior limbs have to be inter-
nally rotated for 15°, in order to compensate the 
physiological femoral neck anteversion. An axial 
projection is necessary, for a better evaluation of 
the anterior edge of the head-neck junction. 
Various radiological 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 com-
mon technique for the axial view is an AP projec-
tion in “frog leg position” of the patient’s lower 
limbs [ 10 ]. In the normal hip, the anterior edge of 
the acetabulum remains in a medial position in 
comparison to the posterior edge. On the contrary, 
in case of acetabular retroversion or excessive 
coverage by the acetabular walls toward the femo-
ral head (i.e., in the anatomic condition that leads 
to a PINCER impingement) in AP projections, 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 the “crossover sign” 
and is pathognomonic of an acetabular retrover-
sion [ 11 ]. In case of CAM impingement, the pres-
ence of the “bump” at the head-neck junction 
appears as a prominence that, in axial X-ray pro-
jections, make the femoral epiphysis similar to a 
pistol grip. In axial projections, the bump is 
detected trough the head-neck offset [ 12 ] or the 
alpha-angle measurement. The higher the alpha 
angle appears, the bigger the bump determining 
the CAM impingement. In normal hips, the alpha 
angle is always <50°, while in the case of CAM 
impingement, the presence of the bump alters the 
profi le of the  neck- head junction, increasing the 
value of alpha angles to always >50°, sometimes 
up to nearly 90°[ 13 ]. 

 MRI gives a great help for the articular anato-
mopathology evaluation in case of FAI. Contrasting 
solution (gadolinium) is directly injected inside 
the joint (arthro-MRI), in order to evaluate the 
condition of the acetabular labrum; arthro-MRI 
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proved to be very sensible and precise in detecting 
the status of the labrum and the gravity of its 
lesions, from the very precocious alterations of its 
structure till the complete detachment from the 
bony edge of the acetabulum [ 14 – 16 ]. 

 3D CT static reconstructions offer beautiful 
and intuitive images 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 reconstruction could actually change the 
way we have been treating 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[ 17 ].   

30.2     Isolated Acetabular 
Labrum Tear 

 Isolated labral tears have become an increas-
ingly prevalent injury among soccer players. 
They occur when the labrum becomes pinched 
and eventually torn. Impingement may predis-
pose to a labrum damage, but it is likely that 
most labral tears occur due to some underlying 
factors, of which FAI is but one popular example 
[ 18 ]. Hyperextension combined with femoral 
external rotation is the injury pattern most com-
monly associated with the presentation of ace-
tabular labral tears. Repetitive twisting motions 
and movements to end-range hyperfl exion, 
hyperextension, and abduction are at greater 
risk. A recurring contact occurs between the 
anterior femoral head-neck junction and the 
anterior aspect of the acetabular rim and/or 
labrum during extreme hip fl exion and internal 
rotation movements that are most prevalent in 
soccer. 

30.2.1     Surgical Technique 

 Supine position is preferred in our routine. 
Traction is given with a dedicated system to 
obtain suffi cient space and to perform arthroscopy 
without risk for the intra-articular structures. We 

routinely use a 20 cm post pad in order to  minimize 
risk of pudendal neuropraxia   . Time of traction 
should always be no more than 2 h [ 19 ]. 

 Standard anterolateral and mid-anterior por-
tals are usually suffi cient to perform the entire 
surgical procedure. We always start with a central 
compartment evaluation and we routinely per-
form 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 pos-
sible cause of pain is achieved. Diagnostic central 
compartment arthroscopy is performed with a 
70° arthroscope to identify any labral or acetabu-
lar chondral lesions as well as the impingement. 
In case of a labrum tear, we usually reattach it 
with resorbable suture anchors (Figs.  30.1  and 
 30.2 ); a debridement is a second choice only in 
case of degenerative lesions. Labral repair with a 
simple looped stitch, labral base stitch, or a verti-
cal mattress technique is chosen depending on 
labrum dimensions. It represents an evolution for 
orthopedic sport 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 healing potential 
of the labrum [ 20 – 22 ].   

 Chondral pathologies are treated with 
shaving, micro-fractures, or biomimetic scaffold 

  Fig. 30.1    The torn labrum is completely detached       
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 positioning depending on the age of the patient 
and the size of the defect. 

 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 impingement 
is present, arthroscopic decompression is 
achieved. In patients who had showed relief from 
psoas injections, trans-capsular evaluation of the 
iliopsoas tendon is executed just before removing 
traction. A correlation between the psoas tendon 
and the status of the anterior labrum at approxi-
mately the 3 o’clock position is performed. In 
case of fraying or an erythematous, contusion- 
type lesion of the labrum, we perform fractional 
release of the tendinous 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 some-
times indicated to make a longitudinal capsulotomy 
to better reach the head-neck junction. Scope is 
inserted from the anterolateral portal, while the 
instruments (shaver, burr) are inserted from the mid-
anterior portal, but switching is common and very 

useful for a better three- dimensional  assessment. 
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 proximally to the epiphyseal scar, 
which can be confi rmed fl uoroscopically. 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 (See Table under section 30.2.2).

30.2.2        Technical Notes 

  Consider preoperative planning to evaluate the 
amount of acetabular trimming and femoroplasty (3D 
CT dynamic reconstruction)  

  Careful portal placement when entering 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  

  Fig. 30.2    Labrum refi xation using multiple reabsorbable 
anchors       

   Table 30.1    Surgical technique scheme: complexity arises 
together with the gesture required   

 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 
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30.2.2.2        Rehabilitation 
 After hip arthroscopy, athletes wish to return to a 
fully active lifestyle and to practice their pre-
ferred sport as soon as possible. Currently, the 
best evidence for postoperative rehabilitation is 
based upon few scientifi c productions; thus com-
munication with the specialist is vital to the treat-
ing 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 nd-
ings, to plan a truly customized rehabilitation 
program both for simple and complex procedures 
(Table  30.1 ) 

 Rehabilitation can be divided into four phases. 
The timeline for each phase is based on clinical 
fi ndings. If clinical presentation meets the estab-
lished criteria, the athlete may move to the next 
phase. Progression in terms of type and intensity 
of the workout should be function based, not time 
based (Table  30.2 ).

   It would be helpful to see the player preopera-
tively to prepare the affected joint and explain 
process and timescales involved. It should also be 
mandatory to give written rehabilitation indica-
tions at discharge. 

 Time recovery for a full activity is usually four 
months, but it may last longer depending on oper-
ative fi ndings or prolonged rehabilitation. 

 It is fundamental not to force recovery [ 25 ]. 
Possible risks of a premature return to sport activ-
ity are:

•    Persistent pain  
•   Prolonged rehabilitation time  
•   Low performance  

•   Re-injury(new labral tear, articular cartilage 
lesion)  

•   New injuries     

30.2.3     Outcome and Return to Play 

 Several published articles have been written on 
an 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 
professional players who underwent hip arthros-
copy 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 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 
athletes and 85 % of college, there was a return to 
full sports activity [ 28 ]. 

 Another study by Nho et al. estimated the 
return to sport in patients undergoing hip arthros-
copy 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 of 
return to activity, observed in athletic populations 
across a variety of sports, with 88 % of athletes 
returning to pre-injury activity levels of partici-
pation [ 30 ]. 

 Arthroscopic management among athletes is 
very favorable but often performed when an 
important damage has occurred. Substantial sec-
ondary 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; Phillipon has showed that patients 
with symptoms lasting less than 1 year returned 
to sport at 3 months, but patients who delayed 

   Table 30.2    Rehabilitation schedule   

 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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surgery over 1 year returned to sport at 4.1 
months. Because early treatment 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 professional 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 pub-
lished his result showing a quicker recovery in 
pros, with no statistical difference when compar-
ing the overall return both in recreational and 
professional athletes [ 32 ].   

30.3     Rectus Femoris Tendon 
Calcifi cation 

 Calcifi cation of the proximal rectus femoris ten-
don has been described following avulsion (with 
or without bony fragment) or tendon rupture 
(partial or complete) of the rectus femoris origin 
in young people, especially in kicking athletes 
and in football players [ 33 ]. 

 Ouellette et al. found a 0.5 % incidence of rec-
tus femoris origin injuries on a retrospective revi-
sion of 3,160 pelvis and hip magnetic resonance 
images, and it has been shown that after the acute 
phase, an injury of rectus femoris origin could 
lead to HC, resulting in pain and loss of function 
[ 34 – 36 ]. 

 A similar condition has been described after 
an avulsion of the anterior inferior iliac spine 
(AIIS). The healing process could lead to an extra 
bony mass extending inferiorly and resulting in a 
prominent AIIS that eventually will impinge on 
the femoral neck when the hip is fl exed over 90°. 
This has been referred to as iliac spine impinge-
ment, AIIS impingement, or subspine impinge-
ment [ 37 ]. A recent paper described a new 
pathological entity, the hip anterosuperior labral 
tear with avulsion of rectus femoris (HALTAR). 
This entity combines the labral tear with an injury 
of the rectus femoris, similarly to what happens 
in superior labral anterior-posterior (SLAP) 
lesions of the shoulder. Since the insertion of the 

rectus femoris tendon is close to the acetabular 
labrum, a sudden and powerful eccentric contrac-
tion of the rectus femoris muscle or a sudden 
knee fl exion may cause an avulsion injury of the 
rectus femoris as well as a concomitant labral 
tear [ 38 ] (Fig   .  30.3 )  

 Calcifi cation of the rectus femoris tendon has 
been traditionally addressed by local injection 
of anesthetic and corticosteroids or by open exci-
sion of the lesion through an anterior approach 
(Smith-Petersen). The same approach is used 
for subspine impingement. In recent years, hip 

a

b

     Fig. 30.3    ( a ) Fluoroscopy during the endoscopic decom-
pression at the AIIS: the ossifi cation is no more present ( b )       
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arthroscopy has been proposed, with satisfactory 
outcomes, as a less invasive surgical alternative 
for both conditions [ 39 ]. 

30.3.1     Surgical Technique 

 In case of a rectus femoris tendon calcifi cation, the 
central compartment is addressed fi rst. Concomitant 
lesions (labral tear, chondral lesion, impingement) 
are evaluated and eventually treated. After central 
compartment examination and treatment is com-
pleted, the traction is removed and attention is 
focused to the  calcifi cation of the rectus femoris. A 
shaver is used to clear all soft tissues from the over-
hanging acetabulum and to better delimit the plane 
between the acetabular rim and the calcifi cation. 
Using an extra-long, 5.5-mm full-radius shaver and 
a radiofrequency device, complete exposure of the 
calcifi cation is achieved (Fig.  30.3 ). When possi-
ble, care is taken in detaching the minimum amount 
of fi bers of the direct head of the rectus femoris 
from its insertion site. Using the image intensifi er 
as a guide, the calcifi cation is removed using a 5.5-
mm bur. During the entire procedure, both dynamic 
direct visualization and fl uoroscopic evaluation of 
the amount of resection are performed.  

30.3.2     Rehabilitation 

 Weight bearing is permitted as tolerated, but 
extension of the hip is forbidden for 3 weeks to 
avoid excessive elongation of the rectus femoris 
tendon. To avoid recurrence, a course of cele-
coxib is ordered (200 mg/d for 4 weeks).      
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31.1             Introduction 

 The Achilles tendon is the thickest and strongest 
tendon in the human body and needs to resist 
forces of up to 9 kN (approximately 12 times the 
weight of the body) during running [ 1 ]. For opti-
mal function, the tendon must be capable of 
resisting high tensile forces with limited elonga-
tion and at the same time storing elastic energy 
when activated. Despite its strength, it is suscep-
tible to both overuse injury and acute injury, such 
as a complete rupture. 

 Functional defi cits are commonly described 
after an Achilles tendon rupture [ 2 – 5 ], and sev-
eral studies have shown that only approximately 
50 % of the patients return to previous activity 
level and sports [ 2 ,  6 ,  7 ]. Accordingly, an Achilles 
tendon rupture might be career-ending for the 
professional athlete [ 8 ]. 

 A large number of medical reports have been 
published in the fi eld of Achilles tendon rupture, 
but there is still a lack of consensus in terms of 
the best treatment.  

31.2     Epidemiology 

 The annual incidence of Achilles tendon ruptures 
in the population is increasing with a peak inci-
dence of 37 per 100,000 persons [ 9 – 11 ]. A 
bimodal age distribution has been reported with 
the highest incidence in the 30–39-year age group 
[ 9 ,  12 ]. A study by Houshian et al. [ 9 ] showed 
that 73 % of the injuries were sports- related and 
the peak of sports-related injuries occurred in the 
30–49-year age group. There is a second non-
sports-related peak in incidence occurring at a 
mean age of 53 years [ 10 ]. Epidemiological stud-
ies generally show much a higher incidence of 
Achilles tendon ruptures in men, and the ratio 
between men and women is between 3:1 and 
18:1, in general approximately 10:1 [ 9 ,  13 ]. 

 A recently published study of the UEFA 
Champions League injury showed that Achilles 
tendon disorders (tendinopathies and ruptures) 
accounted for 2.5 % of all injuries and 3.8 % of 
layoff times in male professional football players 
[ 14 ]. In this cohort of 203 football players, only 
4 % were classifi ed as partial or total ruptures.  

31.3     Etiology 

 The etiology of Achilles tendon ruptures is 
regarded as multifactorial, and many factors have 
been proposed, but the pathology still remains 
unclear. 
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 Degenerative changes have been found in rup-
tured Achilles tendons [ 15 – 17 ]. Aging reduces 
the collagen fi ber diameter [ 18 ], and this change, 
combined with a high activity level, may partly 
explain the sports-related peak of increased inci-
dence in the middle-aged group. Overuse (micro-
trauma) and imbalance between muscle power 
and tendon elasticity might lead to permanent 
tendon weakening and incomplete tendon regen-
eration [ 19 ]. In especially young patients, healthy 
tendon may rupture under violent muscular strain 
(macrotrauma) in the presence of certain anatom-
ical and functional conditions [ 20 ]. 

 The midsection has less vascularization than 
the proximal and distal tendon ends and is conse-
quently the most common rupture site [ 21 ,  22 ]. 
There is limited evidence that oral corticosteroids 
and local steroid injections are risk factors for 
Achilles tendon ruptures [ 23 ,  24 ]. The use of 
fl uoroquinolones is also associated with Achilles 
tendinopathy and tendon ruptures [ 25 ], and the 
administration of fl uoroquinolones should be 
carefully considered, especially in patients under-
going corticosteroid treatment [ 26 ]. Achilles ten-
don rupture can also be associated with systemic 
diseases such as gout, lupus erythematosus, and 
rheumatoid arthritis.  

31.4     Injury Mechanism 

 The Achilles tendon fi bers are at rest in a curly 
confi guration but become fully stretched at a 
strain of 1–3 %. At this stage, the tendon is able 
to return to its initial length when the force is 
released. When the tendon is stressed and elon-
gated more than approximately 4 %, some fi bers 
start to break. Further stress on the tendon will 
cause the failure of the rest of the fi bers in an 
unpredictable manner, and this will result in a 
complete tendon rupture [ 27 ]. There is a varia-
tion between studies of tendon strain at failure of 
4–16 % [ 27 ,  28 ]; however, 8 % [ 29 ] is often used 
as the strain level at which macroscopic failure 
occurs. 

 The most common injury mechanisms for 
Achilles tendon ruptures have been classifi ed into 
three main categories, all with a very distinct 

patient history [ 30 ]. In the fi rst mechanism, the 
patient pushes off with the weight-bearing fore-
foot while the knee is extended. The rupture 
occurs in an elongated tendon when the force is 
greater than the ultimate tensile strength. This 
mechanism is described by the majority of 
patients and is seen in sprint starts, jumping, and 
racket sports. The second mechanism is a sudden, 
unexpected dorsifl exion of the ankle, which 
occurs when the patient slips into a hole or falls 
down stairs. The third mechanism is a violent 
dorsifl exion of a plantar-fl exed foot, which may 
occur after a fall from height.  

31.5     Clinical and Diagnostic 
Examination 

 Patients who sustain an Achilles tendon rupture 
have a typical history of a sudden pain in the 
Achilles tendon without any previous symptoms. 
Less than 10 % of the patients have complained 
of previous symptom from the Achilles tendon. 
Many patients report that they feel as they had 
been struck by something/someone from behind, 
often accompanied by an audible snap. In the 
typical case, the diagnosis is clear. The diagnosis 
is clinical, and there is a palpable gap at the site 
of the rupture in the mid-substance, 2–6 cm prox-
imal to the calcaneal insertion site. The ability to 
plantar fl ex the ankle is absent or very weak. In 
the literature, numerous of different clinical diag-
nostic tests are described [ 31 ]. 

 Sensitivity and specifi city have been evalu-
ated for these various clinical tests [ 31 ]. The calf 
squeeze test and Matles test had the highest sen-
sitivity (0.96 and 0.88, respectively) and speci-
fi city (0.93 and 0.85, respectively), and these 
tests are also noninvasive, simple, and inexpen-
sive [ 31 ]. 

 The calf squeeze test is also known as 
Thompson’s or Simmonds’ test [ 32 ]. The patient 
lies in a prone position, and the examiner 
squeezes the affected calf muscle from side-to- 
side, and, if the tendon is intact, the foot will 
plantar fl ex, but, if the tendon is ruptured, there 
will be minimal or no reaction in the foot, and the 
test is said to be positive (Fig.  31.1 ). In the Matles 
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test, also in the prone position, the patient actively 
fl exes both knees, and a change in foot position is 
observed. The test is positive if the foot on the 
injured side moves into neutral or dorsifl exion 
(Fig.  31.2 ).   

 Partial ruptures are very uncommon, at least 
after typical acute trauma. However, these are 
frequently seen in patients with previous tendi-
nopathy and no distinct trauma. 

 Ultrasound (US) and/or magnetic resonance 
imaging (MRI) are not recommended for routine 
use to establish the diagnosis in acute ruptures 
[ 33 ]. Nevertheless, additional investigations can 
be useful in certain cases, especially in planning 
the surgical procedure in chronic cases. 

 Chronic ruptures refer to ruptures with a delay 
in treatment (either patient’s delay or doctor’s 
delay) and diagnosis of more than 4 weeks. Patients 
with a chronic rupture commonly complain of pain 
in contrast to patients with an acute injury [ 34 ].  

31.6     Tendon Healing 

 At the moment of injury, the body initiates a pro-
cess of healing. Tendon healing is a highly com-
plex process with interaction between blood- and 
tissue-derived cells, matrix molecules, and 
infl ammatory mediators. The aim of the healing 
and repair process is to achieve hemostasis, tissue 
integrity, and load-bearing capacity. After an 
acute tendon injury (complete rupture), three 
phases of healing occur [ 17 ,  35 ]. 

 Infl ammation is the  fi rst  phase and lasts for up 
to 1 week after injury. During this phase, a cascade 
of pro-infl ammatory mediators leads to angiogen-
esis and recruitment of infl ammatory cells to the 
injury site. The infl ammatory cells degenerate the 
blood clot and debris in the injured tissue. 

 The  second  phase also known as the prolifera-
tive phase is characterized by profuse synthetic 
activity and lasts 6–8 weeks. During this phase, 

  Fig. 31.1    Calf-squeeze (Simmonds’ or Thompson’s) test       
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a temporary stability is achieved by the fi bro-
blasts producing mostly collagen III. 

 The  third  and last phase is called the remodel-
ing phase and lasts for more than a year. During 
this phase, the tensile strength, elasticity, and 
internal structure of the tendon are improved and 
matured. At the end of this phase, a mature scar 
tissue is formed even though there are signs of 
incomplete recovery of the tendon.  

31.7     Treatment Strategy 

 It is necessary to distinguish between ruptures at 
the insertion site, proximal ruptures, and the most 
frequent ruptures in the midportion of the tendon, 
2–6 cm from the calcaneal insertion. The uncom-
mon ruptures at the insertion site are almost 
always treated with surgery, and the proximal 
ruptures are generally treated nonsurgically. 

 The optimal treatment for Achilles tendon 
rupture is still a subject of debate and can be 
broadly classifi ed as either surgical (open or 
mini-invasive/percutaneous) and nonsurgical 
(cast or functional brace). Even closed approach 

using the arthroscope to visualize the tendon 
ends is reported today. Several high-quality, ran-
domized, controlled studies have been published, 
and they all concluded that surgical treatment 
involves an approximately 2–4 times lower risk 
of rerupture but disadvantages related to increased 
risks of complications, such as scar problems, 
sural nerve dysfunction, and infection are 
reported [ 5 ,  7 ,  36 – 40 ]. These studies are not sub-
grouped into high level sports or football, mainly 
due to the small sample size. Therefore, the data 
should be interpreted with caution even though 
the functional outcome data are inconclusive, and 
no treatment can therefore be strongly recom-
mended over the other. Young active athletes are 
in the majority of cases treated with surgery [ 41 ]. 

 When surgical treatment has been selected, the 
important issue is to make a choice of the tech-
nique and approach. Classically, an end-to- end 
repair is performed (Fig.  31.3 ). Open primary 
repair can probably be performed up to approxi-
mately 3 weeks after the injury. End-to- end 
sutures are generally not acceptable to treat 
chronic ruptures and reruptures where reconstruc-
tion with reinforcement is recommended [ 42 ].  

 In an open surgical approach, the patient 
should always be placed in a prone position, with 
the feet over a pillow or outside the operating 
table in order to avoid excessive plantar fl exion, as 
over-tightening of the repair will be risk of short-
ening of the tendon and loss of motion. On the 
other hand, lengthening of the tendon (as this will 
most probably cause reduced plantar fl exion 
strength) should be avoided at any cost. The pro-
cedure can be carried out in local, regional, or 
general anesthesia. Bloodless fi eld is not needed. 
When considering the position of the foot, in order 
to avoid shortening or lengthening of the tendon, it 
is wise to compare the position to the other foot 
(the resting angle) in neutral position and dorsifl ex-
ion [ 43 ]. It is important to judge the tension of the 
repair and the balance between the dorsifl exors and 
the plantarfl exors. A posteromedial skin incision is 
 preferred in order to minimize any risk of injury to 
the branches of the sural nerve. The ends of the 
tendon are debrided and thereafter carefully 
approached with different suture selections and 
suture techniques generally due to the surgeon’s 

  Fig. 31.2    Matles test       

 

J. Karlsson et al.



329

preference. A recent study has shown a very low 
risk of rerupture (as low as 0 %) using a strong 
suture technique [ 39 ] (Fig.  31.4 ).  

 Postoperatively, the leg is immobilized either 
using a short leg plaster cast or brace or a combina-
tion. Provided the suture strength is judged as satis-
factory, range of motion exercises are generally 
started after approximately 10–14 days. Weight-
bearing should be started as early as possible. 

 Several techniques have been described to 
treat chronic and reruptures. Turn-down fl aps are 
commonly used. Another option is augmentation 
with a free fl ap from the gastrocnemius aponeu-
rosis, with generally good results. Advantage of 
this technique is to avoid a large tissue mass at 
the surgical area [ 34 ] (Fig.  31.5 ).   

31.8     Rehabilitation and Return 
to Play 

 The issue of immobilization is of major concern. 
The trend is without doubt toward a shorter immo-
bilization period. Early range of motion training, 
using movable brace, and early  weight- bearing 
have been advocated recently as well. In fact, it 
has been shown that early, well-protected range of 
motion training and at least moderately aggres-
sive rehabilitation will result in better outcomes 
after surgical treatment.   Fig. 31.3    Modifi ed Kessler suture       

  Fig. 31.4    Strong core suture with local augmentation       
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 In general, the tendency is that the immobili-
zation has been shortened and the motion of the 
ankle started earlier [ 44 – 46 ]. 

 Most studies and clinical guidelines recom-
mend return to running and non-contact sports 
between weeks 16 and 20 [ 41 ,  46 ]. In general, 
most of the guidelines are time-based and do not 
include any specifi c criteria with regard to return 
of strength or lower leg function. Costa et al. [ 45 ] 
reported a median time of 12.5–18 weeks (depend-
ing of treatment) to return to normal walking. The 
Achilles Tendon Study Group has on the other 
hand a functional perspective rather than a time 
perspective, and this is probably of major impor-
tance when rehabilitation is advanced. In the 
given guidelines for sport resumption in their 
book “ Achilles Tendon Rupture – current con-
cepts”  [ 47 ], the recovery is divided into four lev-
els of increasing activity: walking, running, return 
to non-contact sport, and return to contact sport. 
Each phase must be fully accomplished prior to 

entering the next one. The fi rst level ends when 
the patient is able to walk normally again. To 
achieve that, the  difference in strength is said to be 
less than 25 % compared to the uninjured side in 
repeated single-heel raises, and also, toe walking 
should be possible. The proposed time for this 
level is 12 weeks but 8 weeks for operative treat-
ment with a functional brace, even though another 
study [ 48 ] has shown that only half of the patients 
were able to achieve a single-heel raise 12 weeks 
after a surgically treated rupture. 

 Complete Achilles tendon rupture leads to 
long layoff from football playing, with a median 
absence period of 169 days for professional foot-
ball players [ 14 ]. The same thing has been 
reported in professional rugby players (mean 186 
days) [ 49 ]. In professional American Football 
League (AFL), 32 % of the players did not return 
to the NFL, and of the players who did return, 
they returned to play an average of 11 months 
after the injury [ 8 ].     

  Fig. 31.5    Augmentation with a free gastrocnemius aponeurosis fl ap after an end-to-end suture       
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      Ankle Ligament Lesions 

           C.     Niek     van     Dijk     and     Gwendolyn     Vuurberg   

32.1             Etiology 

32.1.1     Lateral Ankle Ligaments 

 Ankle ligament lesions are reported as the most 
common injuries in football, especially lateral 
ligament sprains [ 1 ,  2 ]. They count for about 
14 % of all sport-related injuries [ 3 ]. Ligament 
injuries are usually sustained in sports involving 
running, cutting, jumping, diving, landing, and 
contact with others [ 4 ], which explains the high 
incidence and recurrence rate among footballers 
[ 1 – 3 ]. In football, player to player contact has 
shown to be responsible for 59 % of the injuries, 
and noncontact injuries counted for 39 %. In 
goalkeepers 79 % occurred during noncontact 
situations [ 2 ]. The two most common causes of 
lateral ligament lesions were the impact of an 
opponent on the medial side of the leg just before 
or at foot strike, causing a laterally directed force 
after which the player lands with the ankle in an 
inverted position, and secondly forced plantar 
fl exion when the player hits the foot of an oppo-
nent when attempting to shoot the ball [ 3 ]. The 
most common mechanisms of sustaining an ankle 
sprain during contact situations are defi ned as 

tackling (36 %) and being tackled (18 %). Most 
common during noncontact situations were 
 landing (36 %), twisting/turning (21 %), and div-
ing (10 %) [ 2 ].  

32.1.2     Tibiofi bular Syndesmosis 

 Isolated total ruptures of the syndesmosis are rela-
tively rare, but are reported in football as well as 
American football, dancing, and skiing. More 
common are ruptures of the syndesmosis with 
concomitant injuries like deltoid ligament lesions, 
fractures, and soft-tissue injuries [ 2 ]. Ruptures of 
the syndesmotic ligaments are always present in 
patients with Weber C ankle fractures, a fracture 
following pronation-exorotation. This movement 
mechanism can also injure the tibiofi bular liga-
ments [ 1 ].   

32.2     Injury Mechanism 

32.2.1     Lateral Ankle Ligaments 

 The fi bula extends further to the lateral malleo-
lus, compared to the tibia to the medial malleo-
lus, blocking eversion. Allowing a larger range 
of inversion than eversion, makes inversion 
sprains more common than eversion sprains. 
Most common is a supination sprain, a move-
ment combination of inversion, internal rota-
tion of the foot, and plantar fl exion with the 
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subtalar joint adducting and inverting [ 5 ,  6 ]. 
This usually happens when the athlete’s center 
of gravity is shifted over the lateral border of 
the weight- bearing leg, causing the ankle to roll 
inward at high velocity [ 4 ]. Something that 
might happen when the foot is incorrect posi-
tioned at landing, causing a medially deviated 
vertical projected ground reaction force, caus-
ing an explosive supination moment in the sub-
talar joint [ 7 ]. 

 The anterior talofi bular ligament (ATFL) is 
often injured during plantarfl exion and pos-
sesses the lowest ultimate load [ 5 ], whereas the 
calcaneofi bular ligament (CFL) is often injured 
during dorsifl exion [ 6 ]. Among 80 % are liga-
mentous sprains caused by explosive inversion 
or supination [ 8 ] and mostly occur during sys-
tematic loading and unloading. They rarely 
occur while the ankle is fully loaded, due to 
articular restraints [ 3 ].  

32.2.2     Tibiofi bular Syndesmosis 

 Syndesmotic sprains are also known as high 
ankle sprains. They are more prevalent in high- 
energy contact sports or in sports that involve 
wearing a stiff boot or skate, such as ice hockey 
or skiing [ 4 ]. Compared to lateral ligament injury, 
they are rare as they have the highest load to fail-
ure. Several mechanisms causing syndesmotic 
injury have been described including pronation- 
abduction, pronation-eversion, supination- 
eversion, external rotation, supination-abduction, 
and dorsifl exion, but most often the mechanism 
consists of hyperdorsifl exion and external rota-
tion of the ankle [ 9 ]. This mechanism leads to 
disruption of the syndesmotic ligaments and pos-
sibly a rupture of the deltoid ligament [ 4 ]. In the 
fi eld a rupture of the syndesmotic ligaments is 
most commonly experienced when a footballer 
rapidly twists internally with the foot planted in 
external rotation with lateral impact on the leg, or 
when a blow to the lateral aspect of the heel 
forces the foot and ankle into external rotation 
while the athlete lies on the ground [ 10 ].   

32.3     Clinical and Diagnostic 
Examination 

 Ankle ligament injuries are often classifi ed as 
grade I (mild), grade II (moderate/micro lesions), 
and grade III (severe/full lesion) [ 11 ]. Both clini-
cal and diagnostic examination can contribute to 
classifying ankle injuries. First of all serious inju-
ries should be treated [ 6 ]. Harmon [ 12 ] presented 
a systematic approach that consists of fi ve steps 
to avoid missing potentially serious injuries: (1) 
palpation of bony structures, (2) palpation of lig-
amentous structures, (3) assessment of range of 
motion (ROM) of the ankle, (4) testing of ankle 
muscles, and (5) specifi c testing. To exclude 
ankle fractures the Ottawa Ankle and Foot Rules 
can be used to determine if radiography is indi-
cated [ 6 ]. Urgent evaluation is recommended for 
patients with a high level of pain, rapid onset of 
swelling, coldness or numbness in the injured 
foot, inability to bear weight, or complicating 
conditions (e.g., diabetes). Excessive swelling 
and pain can limit adequate examination up to 
48 h after injury [ 1 ]. The specifi city and sensitiv-
ity of delayed physical examination for the pres-
ence or absence of a lesion of an ankle ligament 
were found to be 84 % and 96 %, respectively 
[ 13 ,  14 ], whereas clinical examination within 
48 h had a sensitivity of 71 % and a specifi city of 
33 % [ 15 ]. This is why, after the ankle is exam-
ined and a fracture is excluded, reexamination 
3–5 days after injury is important in distinguish-
ing partial tears from full ligament ruptures [ 13 , 
 14 ]. It is important to distinguish a simple distor-
tion from an acute ankle ligament rupture as ade-
quate treatment is associated with a better 
prognosis. 

32.3.1     Acute Lateral Ligament Injury 

 In the acute setting most athletes recall having 
“rolled over” the outside of the ankle [ 6 ]. 
Clinically the most important features of physical 
examination are swelling, hematoma, and pain 
on palpation [ 4 ]. 
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 In the acute setting the anterior drawer test and 
palpation cannot be correctly performed due to 
pain. After a few days pain is more localized and 
reexamination is possible and more reliable [ 13 ]. 
Pain on palpation over the ATFL in combination 
with hematoma gives a high raise of suspicion to 
a lateral ankle ligament rupture with an 80 % pre-
dictive value. The third component of the physi-
cal examination is the anterior drawer test (see 
Fig.  32.1 ). Having all three of these symptoms, 
pain on palpation on the ATFL, hematoma discol-
oration, and a positive anterior drawer test, means 
a lateral ligament rupture in 96 % of the patients. 
The reliability of this delayed physical examina-
tion is similar to arthrography in identifying lat-
eral ligament rupture [ 1 ].  

 In 40 % of patients with an isolated lateral 
ankle ligament rupture, there is also pain on 
 palpation over the syndesmotic ligaments without 
a syndesmotic ligament rupture! 65 % of patients 
with supination trauma resulting in a lateral liga-
ment rupture also have pain on palpation on the 
medial side of the joint due to compression [ 22 ]. 

 Additional diagnostics to demonstrate laxity 
in the ankle joint are by means of stress radio-
graphs [ 16 ]. Stress radiographs, however, are dif-
fi cult to perform for acute ankle sprains due to 
pain, edema, and muscle spasms. If a stress fi lm 
is needed for an accurate preoperative diagnosis, 
this should be done under local anesthesia [ 17 ]. 
MRI and ultrasound are used to diagnose con-
comitant injury (bone, chondral, or tendon), pro-
vide a superior soft-tissue resolution diagnosing 
ligament lesions, and are routine investigations in 
professional athletes [ 18 ]. MRI might be able to 
show injury to individual components of the 
 ligaments and has a sensitivity and specifi city of, 
respectively, 95 % and 90 %. Ultrasound has 
been demonstrated to be an accurate investiga-
tion that leads to little discomfort in patients, but 
requires technical expertise, and data may be dif-
fi cult to interpret on retrospective review by other 
physicians. The sensitivity and specifi city of 
ultrasound investigation for a ligament rupture 
are 92 % and 64 %, respectively. A computed 
tomography (CT) scan is a useful modality if 

injury to the articular surface, avulsion fractures, 
or abnormal osseous anatomy is suspected [ 15 ].  

32.3.2     Chronic Lateral Ankle 
Instability 

 Progressing to chronicity might be caused by inad-
equate treatment or diagnosis, but might also occur 
despite an adequate rehabilitation program. The 
main complaint patients will present in chronic 
ankle instability is “giving way.” Other possible 
symptoms are persistent discomfort, swelling, 
pain or tenderness, or anterolateral impingement 
[ 19 ]. As the anterior talofi bular ligament is the 
most important stabilizer of the ankle joint, it is the 
fi rst ligament to rupture during an inversion trauma 
and is the weak link in chronic lateral ankle insta-
bility. This makes the anterior drawer test the most 
important test to detect acute and chronic ankle 
instability, together with the talar tilt test which is 
less reliable [ 20 ]. These tests are performed with 
the patient sitting and the feet hanging free. 
Radiographs are often used to decide whether sur-
gery is indicated to treat chronic ankle instability. 
Radiographs can also be used as assessment of 
therapy. CT, MRI, and ultrasonography are not 
used in chronic ligament injury as they are unable 
to demonstrate ligament laxity [ 21 ].  

32.3.3     Acute Syndesmotic Ligament 
Injury 

 In the acute setting it is diffi cult to distinguish 
between lateral and syndesmotic ligament injury as 
40 % of patients with lateral ligament injury also 
present with pain on palpation over the  anterior 
 distal tibiofi bular ligament without a rupture of 
these syndesmotic ligaments to be present [ 22 ]! 
Tenderness should be tested taking membrana inter-
ossea into account, and pain reaching higher means 
a greater extent of the lesion. Additional tests are the 
fi bular translation test, the cotton test, the external 
rotation test, the tibia and fi bula squeeze test, the 
crossed leg test, and the stabilization test [ 4 ,  6 ]. 
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a

b c

d
e

  Fig. 32.1    Correct positioning of patient for performing 
anterior drawer test. ( a ) The patient is in the supine posi-
tion. The upper leg supported by the table, the knee joint is 
fl exed. The ankle joint is held in 10°–15° of plantar fl exion. 
( b ) When the patient is very apprehensive, relaxation is 
stimulated by grasping patients free hanging forefoot/toes 

loosening the ankle and foot by gentle manipulation in all 
directions. This includes exo- and endorotation of the hip 
and fl exion and extension of the knee. ( c ) Gentle fl exion 
and extension of the toes and ankle joint. ( d ) Gentle inver-
sion and eversion ( e ) to check if the patient has relaxed all 
muscles that can control the anterior drawer       
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 Radiographic imaging must include an AP 
view and a mortise view of the syndesmosis to 
rule out the tibiofi bular clear space, medial clear 
space overlap, tibial width, and fi bular width. 
MRI should be the second imaging tool to be 
used [ 23 ], as it has a sensitivity and specifi city of, 
respectively, 95 % and 90 % for syndesmotic 
ligament injuries [ 10 ,  24 ]. 

 Isolated syndesmotic injury can be classifi ed 
as stable or unstable. The stable ankle sprain 
(grade I) is characterized by a lesion of the ante-
rior inferior tibiofi bular ligament (AITFL) with 
or without the interosseous ligament (IOL) with 
an intact deltoid ligament. If physical examina-
tion is inconclusive, additional diagnostics are 
needed to evaluate the stability of the ankle syn-
desmosis (grade IIa being stable, IIb being 
unstable). The proven unstable ankle sprain 
(grade III) should be classifi ed in latent or frank 
diastasis. The latent diastasis is characterized by 
a rupture of the AITFL with or without IOL and 
a rupture of the deltoid ligament. It can be 
detected on MRI imaging and/or arthroscopic 
assessment. The frank diastasis is characterized 
by a rupture of all the syndesmotic including the 
deltoid ligaments, and it is visible on standard 
radiographs [ 24 ].  

32.3.4     Subacute and Chronic 
Syndesmotic Injury 

 Even though syndesmotic injury heals slowly, 
residual disability with recurrent instability epi-
sodes is rare. Patients typically have a sensation 
of giving way and have diffi culty to walk on 
uneven grounds and “pushing” off when running. 
On clinical examination, stiffness, limited dorsi-
fl exion, and sometimes swelling on the anterolat-
eral aspect, just proximal to the ankle joint, can 
be observed [ 10 ]. In case of suspicion of chronic 
syndesmotic injury, a positive squeeze test, posi-
tive fi bular translation test, and testing for local 
recognizable palpation pain should be done. In 
experienced hands these tests are highly specifi c 
for chronic syndesmotic injury [ 25 ].   

32.4     Treatment Strategy 

 Therapy for acute ankle sprains fi rstly focuses on 
controlling pain and swelling and complete 
recovery without residual symptoms on the long 
term [ 8 ]. PRICE (Protection, Rest, Ice, 
Compression, and Elevation) is a well- established 
protocol for the treatment [ 26 ]. As evidence on 
relative effectiveness of RICE therapy is insuffi -
cient, treatment decisions should be made on an 
individual basis [ 27 ,  28 ]. There is, however, some 
evidence that applying ice and using nonsteroidal 
anti-infl ammatory drugs (NSAIDs) improves 
healing and speeds recovering [ 26 ]. 

32.4.1     Acute Lateral Ligament Injury 

 Treatment of lateral ankle ligament injury con-
sists of immobilization, functional rehabilitation, 
or surgery (as described in Sect.   34.4.2    ) [ 8 ,  29 ]. 
Treatment options differ according to the grade 
of injury. Grade I and II sprains usually respond 
to rest and immobilization, early use of RICE, 
maintenance of ROM, weight bearing, neuro-
muscular training, and usage of ankle support, 
while grade III sprains require tape or brace treat-
ment and, possibly, surgery [ 8 ,  30 ]. Early motion 
and mobility are recommended especially in ath-
letes, but ligamentous strength does not return 
until months after an ankle sprain [ 31 ]. 

 Functional rehabilitation is preferred over 
immobilization and is most effective in isolated 
ligament injuries [ 32 – 34 ]. Functional treatment 
consists of exercise, mobilization, and using 
semirigid supports up to 6 weeks [ 27 ]. A short 
period of plaster immobilization or similar rigid 
support could facilitate a rapid decrease of pain 
and swelling in selected cases [ 11 ]. 

 In the general population and in athletes, good 
results have been achieved by both  conservative 
treatment and reconstructive surgery [ 35 – 37 ]. 
Pijnenburg et al. [ 35 ] showed that operative treat-
ment leads to better results than functional treat-
ment and functional treatment leads to better 
results than cast immobilization for 6 weeks [ 38 ]. 
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In the general population, functional treatment is 
preferred over surgical therapy [ 14 ]. However, in 
professional footballers surgery is preferred as it 
gives a better chance of regaining joint stability. 
It is the only treatment with direct anatomic 
repair of ruptured ligaments without lengthening, 
loss of strength, or delaying return to participa-
tion in sports [ 39 ,  40 ].  

32.4.2     Chronic Lateral Ankle 
Instability 

 The initial treatment of chronic ankle instability 
consists of neuromuscular training, restoring 
active stability by training which might provide 
good results in a short time. If ankle instability 
remains despite appropriate rehabilitation, this is 
an indication for surgery. In surgery there is a 
choice between anatomic and nonanatomic recon-
struction. Anatomic reconstruction of the ankle 
ligaments usually results in good stability, dimin-
ishes symptoms, and in most cases leads to a nor-
mal functional capacity [ 16 ,  41 ]. Tenodesis on the 
other hand is a nonanatomic reconstruction and is 
not recommended as it can lead to functional and 
mechanical instability, restricted ROM, a higher 
number of reoperations, chronic pain, degenera-
tive changes, and impaired athletic performance 
[ 42 – 44 ]. Increasing interest in arthroscopy might 
not only improve diagnosing lesions but may also 
replace the open approaches that are currently per-
formed [ 39 ]. The question remains if current sur-
gical strategies are the best practice for ligament 

and functional recovery and if anatomic recon-
struction is fully anatomic (Figs.  32.2  and  32.3 ).    

32.4.3     Acute Syndesmotic Ligament 
Injury 

 For isolated syndesmotic sprains additional treat-
ment strategies have to be taken into account. 
The treatment should include 3 weeks  non- weight 
bearing, a below the knee cast, rest, and ice. 
Return to normal activities should be done as tol-
erated by pain and disability. After 3 weeks of 
non-weight bearing, proprioceptive exercises are 
recommended [ 22 ]. A walking boot is prescribed 

a b c

  Fig. 32.2    Tenodesis procedures: Watson-Jones procedure ( a ), Evans procedure ( b ), Chrisman-Snook procedure ( c )       

  Fig. 32.3    Anatomic reconstruction of the lateral ankle 
ligaments using the Duquennoy technique [ 45 ]       
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for 4–6 weeks, so the interosseous tibiofi bular 
ligament can heal [ 3 ]. 

 Surgery is indicated when there is instability 
based on a disruption of normal tibiofi bular rela-
tionships on radiographs or if the deltoid liga-
ment is ruptured (grade IIb and all grade III 
lesions) [ 10 ]. For the professional footballer with 
a grade II syndesmotic injury and clinical suspi-
cion of dynamic instability, examination under 
anesthesia and arthroscopy with assessment of 
the syndesmosis is recommended. Grade III inju-
ries are uncommon in professional football play-
ers and are often associated with other injuries 
around the ankle. In case of dynamic diastasis of 
2 mm or more, fi xation is needed. The use of a 
suture button repair in a syndesmosis injury is 
preferred as it leads to similar functional out-
come, but implant removal is less frequently 
needed compared to the use of a syndesmotic 
screw [ 22 ].  

32.4.4     Subacute and Chronic 
Syndesmotic Injury 

 Subacute syndesmotic injuries mean syndes-
motic lesions that are detected > 6 weeks after 
trauma. These lesions usually do not respond to 
conservative treatment and require surgical treat-
ment. Surgical intervention may include 
arthroscopic debridement, screw fi xation, and 
anatomic reconstruction of the syndesmotic liga-
ments. Chronic syndesmotic ruptures are rup-
tures > 6 month old. These best can be treated by 
means of a synostosis [ 46 ].   

32.5     Rehabilitation and Return 
to Play 

32.5.1     Lateral Ligament Injury 

 The functional rehabilitation protocol for acute 
ligament injury consists of three phases. Firstly 
the PRICE protocol [ 6 ] is initiated within 24 h of 
injury to minimize pain and swelling up till 
1 week after injury [ 3 ]. When needed, crutches 

can be used for a few days and weight bearing 
should be modulated [ 47 ]. The second phase con-
sists of restoring ROM and strength, early weight 
bearing after 4–7 days, normalizing gait, func-
tions in daily living, and neuromuscular training 
exercises [ 6 ]. This usually begins within 1 week 
of injury, and usage of brace, tape, or elastic ban-
dage is advised possibly up till 6 weeks post- 
injury [ 14 ]. The fi nal phase consists of endurance 
training, sport-specifi c drills, and training to 
improve balance [ 1 ]. The goal is to prepare the 
footballer for return to full sports participation. 
More advanced neuromuscular training, agility 
drills, and sport-specifi c tasks are the central 
components of this phase [ 10 ]. 

 Rehabilitation for chronic lateral ankle liga-
ment injury tries to restore the stability using 
neuromuscular training. In case this last recourse 
fails, surgery is indicated. The rehabilitation pro-
gram after ankle surgery is similar to functional 
rehabilitation for acute ligament injury apart 
from the fi rst phase. After surgery treatment con-
sists of wearing a lower-leg cast for 1 or 2 weeks 
followed by 2–4 weeks in a walking boot. Partial 
to full weight bearing commences when pain 
complaints have subsided after approximately 
2 weeks post-surgery. Active-assisted physio-
therapy focuses on ROM and proprioception 
exercises. Progression to the next phase is guided 
by players’ complaints. Full weight bearing, 
strength training, and proprioception are empha-
sized, and thereafter sport-specifi c functional 
exercises are started [ 48 ].  

32.5.2     Syndesmotic Ligament Injury 

 In case of conservative management of isolated 
syndesmotic ligament injury (grade I and grade 
IIa), a patient will have to rest, apply ice, and 
wear a non-weight-bearing cast for 3 weeks. This 
way infl ammation and swelling can improve. 
After 3 weeks the patient should be able to return 
to normal activities as tolerated by pain and dis-
ability. In case of surgery the patient can resume 
partial weight bearing 6 weeks after surgery. 
Rehabilitation after surgery is similar to that used 
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in nonsurgical management, but might progress 
more slowly [ 10 ,  49 ,  50 ]. A sign of a healing syn-
desmosis is the ability to repeatedly single-leg 
hop. Return to sporting activity is permitted when 
the athlete is able to single-leg hop without sig-
nifi cant pain. The time to pain-free full recovery 
is variable, but a syndesmotic sprain may require 
a treatment period almost twice as long as a grade 
III lateral ankle sprain [ 4 ].  

32.5.3     Sport-Specifi c Rehabilitation 

 Best is to use a protocol specifi ed for the football 
player, a rehabilitation program with a variety of 
exercises in which propriocepsis, strength, coor-
dination, and function of the extremity are main-
tained. This as a disturbance of propriocepsis may 
cause functional instability [ 27 ]. ROM must be 
regained before functional rehabilitation is initi-
ated. As the patient achieves full weight bearing 
without pain, proprioceptive training is initiated 
for the recovery of balance and postural control. 
When the distance walked by the patient is no lon-
ger limited by pain, the next step is a regimen of 
50 % walking and 50 % jogging. Using the same 
criteria, jogging eventually progresses to running, 
backward running, and pattern running [ 10 ]. 
Circles and fi gures of 8 are commonly employed 
patterns. The fi nal phase of the rehabilitation pro-
cess is documentation that the athlete can perform 
sport-specifi c exercises pain-free at a level consis-
tent with pre-injury status [ 51 ]. Before being 
allowed to return to full competition, the athlete 
should be put through a functional test that simu-
lates all requirements of his or her sport [ 52 ]. 
Proprioceptive and strength training should be 
continued even after players have returned to the 
fi eld, as an increased error in accuracy of ankle 
position was still present compared with the 
healthy ankle 12 weeks after the injury [ 53 ].  

32.5.4     Return to the Field 

 Functional rehabilitation is effective for all 
grades of ankle sprain; however, the time required 
to return to full athletic function will increase as 

the severity of injury increases. For competitive 
athletes with a lateral ankle sprain, complete 
immobilization, even for short periods, may 
greatly extend rehabilitation time required for 
full return to activity [ 52 ]. Comparing functional 
rehabilitation with surgery followed by func-
tional rehabilitation, the time to return to sport 
with external ankle support ranged from 3 to 
12 weeks c.q. 3–8 weeks. Return to the full ath-
letic activity with no external ankle support 
ranged from 8 to 48 weeks for functional treat-
ment alone and 8–15 weeks for surgery followed 
by functional treatment [ 54 ]. 

 In syndesmosis injury in football players, 
injury severity on physical examination and 
player position can help predict the time to return 
to unrestricted athletic activity [ 55 ]. The best pre-
dictor for time to return to sport is the external 
rotation test, and in association with other test 
results, it predicted an extended time taken to 
return to competitive sports. Two or three posi-
tive tests were signifi cantly more likely to take 7 
or more days to walk 10 m without pain than sub-
jects with none or one positive test result [ 56 ].      
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      Ankle Osteochondral Lesions 
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33.1             Defi nition 

 Osteochondral lesion (OCL) of the ankle joint is 
an injury involving the chondral layer and, sec-
ondarily, the subchondral bone. It is usually 
localized on the talar dome, less frequently on the 
tibial plafond [ 1 ,  2 ]. 

33.1.1     Etiology 

 Ankle OCLs are usually traumatic in origin, 
mostly subsequent 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 
frequently than the medial ones, which, neverthe-
less, tended to be larger [ 5 ]. The nontraumatic 
etiology encounters for a small amount of cases, 
which have been addressed to various hypothesis 
as, for example, embolic, hereditary, endocrine, 
idiopathic, or vascular etiology but still scarcely 
investigated [ 6 ,  7 ]. Due to the overwhelming per-
centage of traumatic etiology, football has defi -
nitely one of the highest occurrence rates of 
osteochondral lesion due to the high frequency of 
ankle sprains. It is generally accepted that the 
weight-bearing ankle while landing is be more 
susceptible to injury because of a relative inabil-
ity to respond to rotational forces [ 8 ]. Finally, 
osteochondral lesions are more likely to occur if 
there is a preexisting abnormality in the ankle or 
remainder of the lower limb kinetic chain 
(muscles, knee, and hip joints).  

33.1.2     Injury Mechanism and Natural 
History 

 While playing football, the ankle is exposed to 
stresses during sprinting, sudden changes of 
direction (“cutting-in”), tackling, and kicking 
mechanism. During normal gait, the joint reac-
tion forces generated are equivalent to 5 times 
body weight, but they can increase to 13 times 
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body weight on jogging with further increases on 
sprinting, cutting-in, or stumbling [ 9 ,  10 ]. 

 Traumas causing lateral OCLs are ankle inver-
sion or inversion-dorsifl ection [ 1 ,  11 ]. As 
described by Berndt-Hardy, the forced inversion 
causes the talar dome to impact on fi bular sur-
face, damaging the articular surface through a 
shearing force. In this case, the lesion looks 
superfi cial and oval [ 1 ,  11 ]. 

 Medial OCL is less correlated to traumas; nev-
ertheless, a combined torsional impaction and 
axial loading (plantar fl exion, anterior displace-
ment, 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 [ 11 ]. 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 treat-
ment, despite the lower surface involved [ 5 ]. 

 Among the causes of injury specifi cally cor-
related to football are inferior playing surfaces 
and inappropriate footwear. Incorrect footwear 
which cannot provide suffi cient frictional force 
will eventually lead to slipping. On the other 
hand, too much frictional force will produce large 
torque when twisting and turning, which may 
also lead to injury [ 12 ]. 

 The kicking mechanism in soccer can vary, 
but the most common actions of controlled pass-
ing and dead ball striking are performed with the 
inside (medial) aspect of the foot [ 9 ,  13 ]. On ball 
strike, the ankle is forced into plantar fl exion that 
often exceeds the normal range of passive plantar 
fl exion [ 13 ]. These features have several infl u-
ences on potential mechanisms for acute and 
chronic osteochondral injury. It is proposed that 
repeated traumatic forces (average 1020 N) to the 
anterior tibiotalar joint can cause chronic osteo-
chondral and capsular injury resulting in an ante-
rior impingement, which was originally termed 
“footballer’s ankle” [ 13 ,  14 ]. 

 Tackling is the most common injury mecha-
nism [ 15 ], resulting in chronic sequelae that 
include mechanical instability, osteochondral 
lesions, and impingement (anterolateral and ante-
rior) [ 16 ]. The forces generated during tackling 

can frequently extend medially and obliquely, 
resulting in a higher incidence of direct medial 
structure, compared with other sports [ 8 ]. Medial 
forces causing aversion and leading to medial 
ligamentous, capsular, and osteochondral injuries 
can also be generated on striking the ball or cut-
ting- in [ 13 ,  17 ]. When the planted foot is tackled 
with an external rotation force, the rest of the limb 
and body continues to move forward, resulting in 
dorsifl exion and a subsequent distraction force to 
the syndesmosis. This combination of forces can 
also produce talar chondral injury (usually pos-
terolateral). This mechanism of injury can also 
occur with impact at the knee that results in forced 
internal rotation of the femur and relative external 
rotation of the tibia and distal syndesmosis. This 
mechanism commonly results in acute morbidity 
from the syndesmosis injury, with potential 
chronic symptoms related to chondral injury.   

33.2     Clinical and Diagnostic 
Examination 

 Swelling, pain, and symptoms related to lateral 
ligament lesions may be present. Locking, or catch-
ing, is associated with displaced fragments. Pain 
and limited range of motion (ROM) usually persist 
over 4–6 weeks after the acute event [ 1 ,  11 ,  18 ]. 

 Chronic OCL’s most frequent symptom is a 
mild, continuous pain, mostly associated with phys-
ical activity [ 1 ,  11 ,  18 ]. Asymptomatic cases are not 
uncommon. Walking on uneven ground may 
increase the symptoms. Swelling, stiffness, weak-
ness, 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 ,  11 ,  18 ]. 

 Palpation often evokes tenderness on 
posterior- medial or anterior-lateral areas of the 
talus [ 1 ,  11 ,  18 ]. 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 usu-
ally underlie OCL. Other tendon, vascular, and 
neurological pathologies should be ruled out. 

 The OCL may be limited to the chondral 
 tissue, or it may involve the subchondral bone, or, 
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after intense traumas, it may even isolate a loose 
body [ 1 ]. From a histological perspective, after 
the impact, the chondral layer is found to be soft-
ened, 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 [ 19 ]. 
The presence of bone bruise is a signifi cant prog-
nostic factor of chondral damage, causing carti-
lage irregularities, chondrocytes apoptosis, and 
matrix degeneration [ 20 ]. 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 ,  7 ,  11 ]. 
The work by Guettler highlighted that not only 
OCL provides a local osteochondral disruption 
but alters the biomechanics of the surrounding 
cartilage as well, predisposing to arthritis [ 21 ]. 

 Routine X-ray is the fi rst-line diagnostic tool, 
also in order to rule out a fracture in acute cases 
[ 22 ]. Nevertheless, apart from large lesions, OCL 
can easily be undiagnosed [ 23 ]. 

 CT is valuable for the detection of subchondral 
bone injuries (Fig.  33.1 ): it may clearly detect the 
size, shape, and extent of the localization [ 24 ].  

 MRI is the gold standard for OCL diagnosis 
(Fig.  33.2 ), providing information about bone 
bruise, cartilage status, and soft tissues [ 24 ]. The 
sensitivity of MRI is high when correlated to 
arthroscopic fi ndings (81–83 % or even higher) 
[ 25 ]. 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 [ 25 ].   

33.3     Treatment Strategy 

 No widely shared guidelines exist for OCL treat-
ment [ 23 ,  26 ,  27 ]. A valid classifi cation, focused 
on arthroscopic/MRI fi ndings and corresponding 
treatments, considering the area and the depth of 

the lesions as well, was made by Giannini 
(Table  33.1 ) [ 28 ].

33.3.1       Acute Lesions 

 Conservative treatment is not successful in acute 
lesions, requiring arthroscopic procedures. 

  Fig. 33.1    Coronal view of a CT scan performed for OCL 
preoperative evaluation. CT scan is very useful to improve 
subchondral bone visualization       

  Fig. 33.2    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 tissues as ligaments       
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Debridement and fragment excision are advised 
in case of acute lesions with fragment’s dimen-
sions inferior to 1 cm [ 28 ,  29 ]. 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 restora-
tion [ 30 ]. Excision for larger fragment can dra-
matically raise osteoarthritis rates at long-term 
follow-up [ 29 ]. Recently, osteochondral auto-
grafts have been adopted, with good results even 
in acute lesions [ 30 ].  

33.3.2     Chronic Lesions 

33.3.2.1     Conservative Treatment 
 The aim of conservative treatment is unloading 
the osteochondral 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 [ 23 , 
 26 ,  31 ]. In these cases, 45 % of the patients may 
benefi t from a conservative approach. A possible 
benefi 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-
articularly in OCL, improving the clinical 

 outcomes, with long-lasting results for PRP (at 
least 6 months) [ 32 ]. Intra-articular injections 
may be functional in athletes to delay the surgi-
cal treatment even in symptomatic lesions with 
no fragment isolation.  

33.3.2.2     Retrograde Drilling 
 Retrograde drilling is mostly effective in lesions 
0 according to Giannini’s classifi cation, with 
modest subchondral bone involvement and chon-
dral layer continuity and viability [ 28 ]. The ratio-
nale consists in a stimulation of the repair 
depending on subchondral bone marrow cells 
[ 27 ,  28 ,  33 ]. The approach is made through sinus 
tarsi, drilling the subchondral bone without dam-
aging the articular surfaces. An autologous calca-
neal bone graft is then performed. Retrograde 
drilling may avoid the necrotic effect of the 
anterograde approach, preserving the chondral 
tissue [ 27 ]. Good results were reached in case of 
viable cartilage; nevertheless, it has been applied 
even in revision surgery [ 27 ].  

33.3.2.3     Microfractures 
 Widely diffused, microfractures are effective in 
OCL inferior to 1,5 cm 2  [ 6 ,  7 ,  28 ,  34 ]. The tech-
nique can be easily performed arthroscopically, 
penetrating the subchondral bone every 3–4 mm, 
using an awl [ 34 ]. Thanks to bone marrow stimu-
lation, this procedure allows a good and rapid 
restoration of the osteochondral layer, but it gen-
erates fi brocartilage, with lower biomechanical 
properties and durability [ 23 ,  33 ]. Good clinical 
outcomes were reported by many authors, but 
medial lesions and larger and deep OCL tended 
to worsen over the time [ 34 ,  35 ].  

33.3.2.4     Mosaicplasty 
 Osteochondral plugs, obtained from non-weight- 
bearing areas of the knee and, possibly, ankle, are 
implanted to restore the proper osteochondral 
layer [ 31 ,  33 ,  36 ]. This procedure often requires 
a malleolar osteotomy to improve the exposure. 
In the report by Hangody [ 31 ], 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, 

   Table 33.1    OCL classifi cation according to Giannini 
divides the lesions into acute and chronic ones. The area 
and the depth of the OCL are taken into account. For every 
kind of lesion, the most suitable treatment is suggested   

 Surface  Extension  Treatment 

 Acute 

 Type I  Damaged  < 1 cm 2   Debridement 

 Type II  Damaged  > 1 cm 2   Fixation 

 Chronic 

 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  
>5mm 

 CR+bone graft 

 Type III  Damaged  Anatomy 
disruption 

 Massive graft 
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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 [ 36 ]. Nevertheless, 
mosaicplasty faces some drawbacks. First, it is a 
technically demanding technique, which includes 
a donor site morbidity. Between osteochondral 
plugs, fi brocartilage is frequently found; more-
over, not all lesions are successfully treated due 
to challenging locations [ 31 ,  33 ,  36 ].  

33.3.2.5     Autologous Chondrocytes 
Implantation 

 Autologous chondrocytes implantation (ACI) has 
been intensively applied for OCL of the ankle, 
with successful clinical outcomes (90 %) [ 27 ]. 
Although no clear superiority has been estab-
lished, ACI is considered the gold standard in 
regenerative procedures [ 27 ,  28 ]. The fi rst- 
generation procedure was technically demand-
ing, requiring an open-fi eld approach, a malleolar 
osteotomy, and a periosteal fl ap suture [ 37 ,  38 ]. 
The second-generation procedure was performed 
arthroscopically, thanks to the development of 
specifi c instrumentation and scaffold [ 38 ]. 
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 [ 38 ,  39 ]. After the fi rst 

arthroscopy, the chondrocytes are expanded in 
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 out-
comes [ 38 ,  39 ].  

33.3.2.6     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 [ 28 ,  33 ,  40 ]. This technique may be per-
formed one step, in a same surgical session, or 
with more steps, with cell culture and enrichment: 
good results were achieved also in degenerated 
joints [ 28 ,  33 ,  40 ]. In the one-step technique, the 
cells are harvested from the iliac crest using a 
bone marrow needle (Fig.  33.3 ). During the con-
centration, a standard arthroscopy of the ankle is 
performed, and the joint and the defect are 
debrided. The cell concentrate is loaded on a col-
lagen (or hyaluronate) membrane, then implanted 
in the joint using a specifi c instrumentation [ 40 ]. 
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 ath-
letes. Hyaline cartilage regeneration has been 
appreciated in bioptic samples and MRI qualita-
tive scans. [ 28 ,  40 ].   

  Fig. 33.3    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 
mesenchymal stem cells, is implanted. Then a layer of 
PRF is sprayed on the biomaterial, to improve the stability 
of the implant and the cell differentiation and growth       
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33.3.2.7     Allograft 
 Ankle allograft is a biological reconstruction, 
which should be reserved to highly degenerated 
joints: it can be partial or total [ 28 ,  33 ]. Ankle 
may be approached laterally or anteriorly, with a 
fi xation of both the articular surfaces using artic-
ular pins. The clinical and radiological outcomes 
are encouraging, and there is evidence of hyaline 
cartilage presence and colonization of host cells 
[ 28 ,  33 ]. Nevertheless, the indications of this pro-
cedure are selective and encompass young, active 
people with destroyed anatomy of the ankle [ 28 ].    

33.4     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 [ 41 ]. Youth, small 
lesions, and lower BMI have been advocated as 
positive prognostic factors in a precocious sport 
comeback [ 41 ]. Nowadays, the two key points in 
cartilage rehabilitation are continuous passive 
motion, which may provide a good chondral 
nutrition, and careful weight bearing, which may 
avoid the deleterious effects of overloading. 
Positive results may be achieved thanks to pulse 
electromagnetic fi elds, biphosphonates, or injec-
tive therapy with hyaluronate or platelet- rich 
plasma [ 32 ,  41 ]. A personalized program should 
always be recommended in athletes. 

33.4.1     Fragment Fixation 

 A posterior splint or cast is advised in the fi rst 
2 weeks; then passive continuous motion is rec-
ommended, and a partial weight bearing, possi-
bly with ankle in brace, is allowed not before 
4 weeks [ 30 ].  

33.4.2     Drilling 

 Active movements are encouraged since the day 
after surgery, while weight bearing is proscribed 
for 6 weeks [ 27 ].  

33.4.3     Microfractures 

 Rehabilitation after microfractures requires non- 
weight bearing in ankle brace for 3 weeks. A pro-
gressive weight bearing is then allowed, 
promoting exercises for proprioception and range 
of motion. Return to sport was advised not before 
12 weeks [ 34 ]. In a work by Lee, early or delayed 
weight bearing (after 1 week or 6 weeks) after 
microfractures for OCL did not infl uence the 
fi nal outcome [ 42 ].  

33.4.4     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 osteot-
omy), which are necessary for graft incorporation 
[ 31 ,  36 ]. 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 [ 31 ,  36 ].  

33.4.5     ACI and BMDCT 

 Regenerative techniques require a specifi c time-
table for rehabilitation, due to biological proper-
ties of the implanted cells [ 43 ]. For a large 
division and initial incorporation, chondrocytes 
requires 6 weeks. Between 3 and 6 months, a 
primitive extracellular matrix is produced [ 28 , 
 33 ,  43 ]. After 6 months, a progressive integration 
of the biomaterial with the subchondral bone 
occurs. Remodeling and maturation continues for 
2–3 years [ 43 ]. The rehabilitation protocol for 
regenerative techniques should take into account 
this process, resulting in a mix of continuous pas-
sive motion, progressive weight bearing, and 
muscular strengthening. Personalized schemes 
should be encouraged but they have to share a 
precise program. The day after surgery, continu-
ous passive motion is advised, and a Walker 
ankle brace is applied [ 43 ]. The period of non- 
weight bearing lasts about 6 weeks, and then a 
period of partial, progressive weight bearing of 
2 weeks follows. After 4 months from surgery, 
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low-impact sport activities (swimming, cycling, 
etc.) can be safely performed. A progressive 
return to running 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 regenerative techniques. 
These procedures, due to biological reasons, 
need longer time to heal. Although clear guide-
lines for OCL in athletes do not exist, conserva-
tive 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, although 
widely used due to the possibility of an early 
return to play, may not achieve satisfying 
results nor long lasting and may spoil the ath-
lete career especially in young and promising 
players. Up to now instead regenerative tech-
niques, ACI in particular, permit a tissue regen-
eration closer to hyaline with superior 
mechanical quality and more stable results over 
time; still athletes should be clearly warned of 
the longer times needed for rehabilitation after 
such procedures [ 44 ]. Nevertheless, BMDC 
transplantation showed the capability to regen-
erate a tissue extremely similar to hyaline both 
at bioptic harvest and qualitative MRI [ 39 ,  40 ] 
and, in a population of more than 100 athletes 
(data in press), permitted an early return to play 
(6 months) with good and satisfactory results 
mid term. This may be the future solution for 
the football player capable to combine a regen-
eration of quality and an early return to play.     
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      Ankle Osteoarthritis 
in Ex-Professional Footballers 

           Vincent     Gouttebarge      and     Gino     M.  M.  J.     Kerkhoffs   

         Osteoarthritis (OA) is the most important reason 
for pain of the musculoskeletal system and the 
leading cause of disability in Europe and the 
United States [ 7 ,  8 ,  14 ]. OA is a “degenerative 
joint disease” resulting from the interaction of sev-
eral factors such as joint integrity, genetics, local 
infl ammation, mechanical forces, and cellular and 
biochemical processes [ 7 ,  8 ,  14 ]. Being a normal 
consequence of aging, OA is caused by overuse of 
the joint’s cartilage and results in irreversible 
pathologic changes in affected joints [ 7 ,  8 ,  14 ]. 
Distinction is made between primary and second-
ary OA [ 7 ,  8 ,  14 ]. Primary OA is seen as an idio-
pathic phenomenon related to the aging process 
including previously healthy joints and having no 
apparent cause or initiating factor. Secondary OA 
is easier to understand and refers to a joint disease 
resulting from clear predisposing and initiating 
factors such as obesity, prior traumatic event that 
causes cartilage damage, and excessive repetitive 
injury. In contrast to primary OA, secondary OA 

can occur in relatively young individuals, espe-
cially in ex-professional footballers. 

34.1     Ankle OA Occurrence 
in Ex-Professional 
Footballers 

 Ankle OA in ex-professional footballers involves 
a progressive degeneration of articular cartilage 
characterized by the formation of impinging 
bone spurs, loose bodies, and joint space narrow-
ing [ 7 ,  8 ,  14 ]. Because degenerative changes in 
the joint are not consistently associated with clin-
ical OA, determining the prevalence of ankle OA 
remains diffi cult. While epidemiological 
researches related to hip and knee OA have been 
largely performed among various study popula-
tions among which former elite athletes, studies 
related to ankle OA are scarce, especially among 
ex-professional footballers [ 9 ]. 

 Nearly 20 years ago, 6 % of ex-professional 
footballers were found to have been admitted to 
hospital for OA of the weight-bearing joints of 
the lower limbs (hip, knee, ankle, foot) [ 20 ]. 
When it comes specifi cally to ankle joint, recent 
epidemiological evidence about the occurrence 
of ankle OA among ex-professional footballers 
remains scarce as acknowledged recently in a 
systematic literature review [ 19 ]. Only two 
empirical studies were retrieved from the recent 
scientifi c literature in which the prevalence of 
ankle OA was presented. Among 185 retired 
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English professional footballers who had played 
professional football on average for nearly 14 
years, the prevalence of ankle OA (diagnosed by 
clinician) was found to be 5.7 % in the right ankle 
and 6.3 % in the left ankle [ 19 ]. In this study, the 
mean age at diagnosis was 29.5 years for the right 
ankle and 31.6 years for the left ankle. A second 
study explored 284 ex-professional footballers 
from the United Kingdom who had played pro-
fessional football on average for nearly 13.5 
years. Forty-nine percent of these ex-professional 
footballers indicated that they had been diag-
nosed (by clinician) at an average age of 40 years 
with OA on at least one anatomical site, 29 % in 
two or more joints, and 15 % in three or more 
joints [ 19 ]. Especially, the ankle joints accounted 
for 17 % of all 314 OA diagnoses among these 
284 ex-professional footballers, whereof 11 % in 
the right ankle and 6 % in the left ankle [ 19 ]. 
A latest published study by Armenis et al. [ 3 ] 
explored the prevalence of ankle/foot OA in a 
group of 105 retired Greek professional foot-
ballers (older than 40 years) who had played pro-
fessional football for 8–10 years. Clinical signs 
of OA were found in 4.1 % of these ex- 
professional footballers, while radiographic OA 
was found in nearly 9 %.

   Whether the occurrence of ankle OA in ex- 
professional footballers is alarming can be put 
into perspective when compared to former ath-
letes from other sport disciplines and to the 
 general population (Table  34.1 ). However, epide-

miological evidence about the occurrence of 
ankle OA among former elite athletes from other 
sport disciplines is scarce as acknowledged 
recently in a systematic literature review [ 9 ]. 
Among 40 former elite high jumpers, prevalence 
of OA was found to be 2.5 % in the right ankle as 
well as in the left ankle [ 9 ]. An older study from 
Kujala et al. [ 20 ] acknowledged that the preva-
lence of ankle OA ranged from 0 % to 1.8 % in 
former elite athletes that were involved during 
their career in different sport disciplines (long- 
distance running, cross-country skiing, ice 
hockey, boxing, and weight lifting). Worldwide, 
approximately 1–4 % of the adult general popu-
lation has OA of the ankle. Then, despite the lim-
ited information available from the scientifi c 
literature, it is clear that the prevalence of ankle 
OA in ex- professional footballers is higher than 
in former athletes from other sport disciplines 
and the general population.  

34.2     Etiology 

 Age, gender, obesity, lifestyle, joint injury, and 
abnormal biochemical load on joints during 
occupational (squatting, kneeling, lifting) and 
sport activities have been acknowledged as risk 
factors for developing OA [ 14 ,  24 ]. Within pro-
fessional football, it remains unknown whether 
the cumulative exposure to intense and pro-
longed physical demands (running, sprinting, 
jumping and landing, dribbling and passing, 
duel forms with opponents) during both training 
and competition contributes solely on the long-
term to the high prevalence of ankle OA among 
retired professional footballers. Despite the lack 
of empirical studies involving large sample 
sizes and suitable controls matched for football 
exposure, ankle OA in ex- professional foot-
ballers seems principally attributed to the occur-
rence and recurrence of ankle injury during a 
football career. 

 As in many sport disciplines, the ankle joint is 
after the hamstring, the most common injury local-
ization in (professional) football. Ankle ligament 
(medial and lateral bands) and cartilage injuries 
are common during training and competition, 

   Table 34.1    Prevalence of ankle osteoarthritis: overview 
among ex-professional footballers, former elite athletes 
from other sport disciplines, and the general population   

 Sports  Prevalence (%) 

 Football  9–17 

 Athletics  0.2 

 Basketball  0 

 Boxing  0.4 

 Cross-country skiing  0 

 High Jump  2.5 

 Ice hockey  1.8 

 Long-distance running  0 

 Volleyball  0 

 Weight lifting  0.9 

 General population  1–4 
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accounting approximately for 20–30 % of all inju-
ries [ 2 ,  6 ,  10 ]. While mild acute ankle sprains do 
not impair recovery and return to sport on short 
notice, recurrent or severe ankle injuries might 
have more drastic consequences during a football 
career in terms of related surgery, rehabilitation, 
and long-term disability. In addition, causing per-
sistent symptoms for months or even years that 
might even lead to early retirement, i.e., end of 
professional career, these recurrent or severe ankle 
injuries, in combination with their surgical treat-
ment, are seen as risk factors for ankle OA in ex-
professional footballers. 

 Recent empirical studies in which the associa-
tion between previous injury and ankle OA was 
investigated among retired professional football 
players (both in study and control groups) are 
lacking. However, older studies or studies per-
formed among elite athletes from other sports 
disciplines indicate that the occurrence of ankle 
injuries is a relevant determinant for ankle 
OA. Larsen et al. [ 21 ] examined the incidence of 
ankle OA in injured and uninjured elite football 
players, with a mean time from injury of 25 years. 
OA was present in 33 % of the injured ankles, 
whereas the incidence of OA in uninjured players 
was 18 % in the ankle. On a series of more than 
300 ankle fractures treated with open reduction 
and internal fi xation, Lindsjö [ 22 ] found that the 
prevalence of post-traumatic OA was 14 %, 
which was directly correlated with the fracture 
pattern. Reviewing retrospectively data from 30 
patients (mean age 59 years, 33 ankles) with 
ankle OA, Valderrabano et al. [ 36 ] found that 
55 % had a history of sports injuries (33 % from 
soccer) and 85 % had a lateral ankle ligament 
injury. Even more, the same author [ 37 ] found in 
a study of 406 ankles with end-stage OA that the 
underlying etiology in this group was post- 
traumatic ankle OA in 78 % of cases. Within 
these post-traumatic OA cases, 62 % were attrib-
utable to fracture events (malleolar fractures and 
tibial plafond fractures) and 16 % to ligamentous 
injuries. Some studies indicate that severity of the 
initial injury and initial cartilage damage may 
play a role in the development of ankle OA. 

 In summary, the high prevalence of ankle OA 
among ex-professional footballers is  predominantly 

of post-traumatic origin, being associated with 
the occurrence and recurrence of ankle injury and 
related surgery during a football career. Even if 
empirical evidence is lacking, the cumulative 
 exposure to intense and prolonged physical 
demands (running, sprinting, jumping and landing, 
dribbling and passing, duel forms with opponents) 
during both training and competition might also 
contribute on the long-term to the high prevalence 
of ankle OA among ex- professional footballers.  

34.3     Diagnostic: Clinical 
and Radiographic 
Examination 

34.3.1     Clinical Examination 

 In order to determine the presence of ankle OA, 
a good anamnesis and careful physical examina-
tion are essential. During the anamnesis, the phy-
sician strives to retrieve important information 
related to ankle symptoms, exploring several 
aspects such as:

 –    Duration of the symptoms  
 –   Joint stiffness in the morning  
 –   Past (recurrent) trauma, sprain, surgery  
 –   Contribution of sport activities to the 

symptoms  
 –   Contribution of occupational activities to the 

symptoms  
 –   Contribution of daily living activities to the 

symptoms  
 –   Family history  
 –   Any general symptoms (fatigue, weight loss, 

fever, etc.) affecting the whole body    

 During the physical examination, the physi-
cian evaluates several aspects of the ankle(s) 
such as:

 –    Presence of swelling, warmth, abnormal skin, 
and soft tissues  

 –   Presence of tender areas, synovitis, effusion, 
bony knobs, and loose bodies  

 –   Ankles pattern (if only one affected)  
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 –   Ankle instability (anterior draw and talar tilt 
test)  

 –   Ankle impingement (Molloy impingement 
test)  

 –   Remaining movement in the subtalar and mid-
tarsal joints  

 –   Range of motion  
 –   Signs of muscle weakness or atrophy  
 –   Signs of unequal leg lengths  
 –   Alignment of the tibia to the hind foot, the 

midfoot, and the forefoot  
 –   Other joints and limb alignment  
 –   Gait     

34.3.2     Radiographic Examination 

 While the presence of OA is often suggested by 
anamnesis and physical examination, ankle OA 
diagnosis is usually confi rmed by routine radio-
graphic evaluation. In addition, radiological diag-
nostic assesses OA severity and serves as an 
initial evaluation to monitor the worsening of the 
disease. 

 A routine radiographic evaluation of the ankle 
consisting of a weight-bearing AP view, a mortise 
view, and a lateral view is made in order to iden-
tify radiologic signs of OA, including asymmetri-
cal narrowing of the joint space (indicating loss 
of cartilage), development of osteophytes, and 
subchondral sclerosis (Fig.  34.1 ). On a true AP 
view, the talus overlaps a portion of the lateral 
malleolus, obscuring the lateral aspect of the 
ankle joint. The mortise view is obtained with the 
foot in 15–20° endorotation, making visualiza-
tion of both the lateral and medial joint spaces 
possible. An additional hind foot alignment 
radiograph can be considered in situations where 
the ankle has coronal plane tilting and the heel is 
in varus or valgus position.  

 The Kellgren and Lawrence (K&L) criteria 
have been widely used to grade OA and were 
chosen as reference by the World Health 
Organizations to characterize OA in the hip and 
knee joints [ 15 ]. By now, the K&L criteria have 
been also validated for the ankle joints [ 13 ], con-
sisting in the assessment of three radiological 
ankle features (osteophyte formation, joint space 

narrowing, and bone end sclerosis). According to 
the K&L criteria, ankle OA can be classifi ed as 
follows:

 –    Grade 0: Normal joint  
 –   Grade 1: Unlikely or doubtful narrowing of 

joint space and possible osteophytes  
 –   Grade 2: Defi nite osteophytes and possible 

narrowing of joint space  
 –   Grade 3: Multiple moderately sized osteo-

phytes, defi nite narrowing of joint space, some 
sclerotic areas, and possible deformation of 
bone contour  

 –   Grade 4: Large osteophytes, marked narrow-
ing of joint space, severe sclerosis, and defi ned 
deformation of bone contour    

 It is worth noticing that the radiological diag-
nosis of ankle OA has some limitations. First, the 
evaluation of the thickness of ankle articular car-
tilage is diffi cult, second, the correlation between 
radiological fi ndings and symptoms is poor, and 
third, the lack of radiological sign does not rule 
out the presence of OA. Consequently, attempt-
ing to diagnose ankle OA exclusively by radio-
graphic evaluation is limited and should be 
therefore combined with anamnesis and physical 
examination, exploring thoroughly the functional 
consequences of the joint disease.   

34.4     Functional Consequences 
of Ankle OA in Ex-Professional 
Footballers 

 Being primarily associated with previous trau-
matic injuries, ankle OA is a frequent health con-
cern among ex-professional footballers, condition 
that might even appear in the early years after the 
end of a football career. The adverse impacts of 
ankle OA on the quality of life and functioning 
(work and daily living) of ex-professional foot-
ballers cannot be neglected, even if empirical evi-
dence about the long-term consequences of this 
health condition is limited. 

 In a recent systematic review [ 11 ], only two 
original studies exploring the consequences of 
ankle OA in ex-professional footballers were 
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identifi ed. A cross-sectional survey was con-
ducted in the United Kingdom (UK) among 284 
retired professional footballers who had played 
professional football on average for nearly 14 
years. One hundred and thirty eight of these ex- 
professional footballers suffered from OA in a 
lower limb joint (hip, knee, ankle, and/or foot), 
from which 33 from OA in the right ankle and 20 
from OA in the left ankle. From the retired pro-
fessional footballers suffering from OA (not 
solely of the ankle), nearly 90 % reported to have 
moderate or severe joint pain and discomfort, 

while around 65 % indicated to experience mod-
erate or severe problems with mobility and per-
forming usual activities (work, study, house, 
etc.). In addition, 37 % of them reported moder-
ate or severe problems with anxiety/depression 
because of their medical condition. Based on this 
study, the authors conducted 2 years later a quali-
tative study by interviewing 12 ex-professional 
footballers who were suffering from hip, knee, 
and/or ankle OA. With regard to pain, some 
retired players reported that their conditions were 
chronically very painful and that the pain was 

Lateral view OA Lateral view healthy

Mortise view OA Mortise view healthy

  Fig. 34.1    Radiographs of a 
healthy ankle joint and an 
ankle joint affected by OA       
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signifi cantly affecting their lives. With regard to 
restricted mobility and movement, some ex- 
professional footballers reported that the lack of 
mobility was a major issue in their lives, moving 
being hardly possible, especially bending, kneel-
ing, and long standing. With regard to employ-
ment, some ex-professional footballers reported 
that no employer wanted to employ them with 
their conditions and that they abandoned their 
jobs for this reason. 

 In summary, despite the limited evidence in 
the scientifi c literature, ex-professional foot-
ballers with ankle OA seem to suffer from joint 
pain and discomfort during several activities, 
reporting that their health condition affects both 
their daily lives and their work functioning. 
These fi ndings are not surprising given that OA is 
the most important cause of pain of the musculo-
skeletal system and leading cause of disability 
worldwide.  

34.5     Treatment and Management 
Strategies 

 The treatment and management of ankle OA 
involves a multidisciplinary approach striving 
to relieve symptoms and improve joint function 
[ 17 ,  18 ,  26 ,  30 ,  31 ,  33 ]. Therefore, it might rely 
on strategies related to conservative treatment, 
surgical treatment, and self-management. With 
regard to safety, invasiveness, and costs, con-
servative treatment should be preferred, and 
surgical treatment should be reserved to the 
patients who do not improve with conservative 
treatment and who have seriously affected qual-
ity of life. 

34.5.1     Conservative Strategies 

 Aiming to relieve and control the pain associated 
with ankle OA and improve the function of the 
joint, conservative treatment relies on the follow-
ing strategies [ 17 ,  23 ,  25 ,  27 ,  30 ,  31 ]:

 –    Medications, especially the short-term use 
(because of side effects) of nonsteroidal 

 anti- infl ammatory drugs (NSAIDs) to relieve 
and control ankle pain  

 –   Dietary supplements, especially glucosamine 
and chondroitin as safe and effective option 
for the management of ankle OA symptoms  

 –   Judiciously timed intra-articular injection of 
corticosteroids into the ankle joint to decrease 
infl ammation and pain for the enjoyment of a 
particularly important life event  

 –   Modifi ed footwear (rocker-bottom sole, solid 
ankle cushion heel, polypropylene ankle-foot 
orthosis, lace-up ankle support, ankle brace)  

 –   Physical therapy to preserve range of motion  
 –   Specifi c exercises to increase muscle and neu-

romuscular, i.e., proprioceptive, functions in 
order to enhance ankle functions and stability  

 –   Healthy lifestyle, especially related to weight 
control through general physical, i.e., fi tness 
programs    

 It has been shown that the application of the 
aforementioned single approaches in isolation has 
negligible effects and should be consequently com-
bined in order to reach an optimal effect [ 4 ,  16 ].  

34.5.2     Surgical Treatment 

 The decision for surgical treatment of ankle OA 
requires a grounded evaluation of the patient’s 
functional needs and problems. As surgical tech-
niques continuously change and evidence for 
effectiveness accumulates, the indications for sur-
gery treatment of ankle OA have been evolving in 
time. For ankle OA, surgery is seen as a treatment 
option when conservative and nonsurgical strate-
gies have failed to control the patient’s symptoms 
in such a way that the patient’s quality of life and 
daily living or work activities are seriously 
affected. Surgical options (see previous chapters 
for details of technique procedures) for ankle OA 
include joint-preserving surgery, arthrodesis, and 
(total) ankle replacement [ 18 ,  26 ,  29 ,  32 ,  34 ,  35 ]. 

 Joint-preserving surgery, including arthroscopic 
débridement and articular distraction, aims to 
delay more invasive and extensive surgery. Being 
commonly achieved through arthroscopy, ankle 
débridement is performed in case of impinging 
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osteophytes, loose bodies, and chondral defects. 
For severe end-stage of OA, articular distraction 
based on an external articulated fi xation frame and 
a distraction force applied across the ankle has 
been recently advocated for patients being candi-
date for arthrodesis in order to decrease joint pain 
and improve movements. 

 Ankle arthrodesis has been seen for several 
decades as the gold standard treatment of end- 
stage ankle OA. Ankle arthrodesis can be done 
with numerous techniques and approaches. 
Several methods of stabilization can be used such 
as external fi xation, internal fi xation with screws, 
plates, and onlay or dowel bone grafts, and cast 
fi xation alone. Despite several limitations such as 
a disturbed gait pattern and reduced functionality 
after ankle fusion, most patients are satisfi ed with 
ankle arthrodesis. However, it remains unclear to 
which extent ankle arthrodesis contributes to pro-
gressive degeneration of adjacent joints.  

34.5.3     Self-Management Strategy 

 For chronic health conditions such as rheumatic 
diseases (including OA), self-management strate-
gies have been identifi ed as effective in order to 
engage and promote a healthful and active behav-
ior of patients in managing their disease [ 5 ,  28 ]. 
For ankle OA, analogously to other joints, self- 
management interventions covering aspects such 
as self-awareness (information provision and 
patient education) and cognitive and behavioral 
therapy might be helpful to manage the disease, 
prevent its worsening, and improve both social 
and self-care capabilities [ 4 ]. However, self- 
management interventions being specifi cally 
developed for ex-professional footballers are 
lacking, which appear to be peculiar. 

 Professional footballers are workers in the 
eyes of the law and should be seen as any other 
employees from any occupational sectors. 
Consequently, as stated by the World Health 
Organization (WHO) and the International Labour 
Organization (ILO), professional football clubs 
and responsible (inter)national bodies should be 
aware that they are responsible for “the protec-
tion, promotion, surveillance and maintenance of 

the highest degree of physical, mental and social 
well-being of players during their career but also 
long after their retirement years.” Being applica-
ble to any workers and thus to professional foot-
ballers, such a statement puts the physical, mental, 
and social well-being of any player in a life span 
perspective, which is in line with the view and 
needs toward improvement in medical care and 
support previously expressed by the most impor-
tant stakeholders in this occupational category, 
namely, the professional footballers [ 1 ,  12 ]. The 
specifi c development of self-management inter-
ventions for ex- professional footballers seems rel-
evant, especially with regard to ankle OA because 
it may impair their sustainable health and func-
tioning in their post-sport life.      
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      Foot Problems in Football 

           Pieter     PRN     d’Hooghe     

35.1            Introduction 

 A higher proportion of foot injuries in football 
occur as a result of foul play and involved direct 
contact with the injured foot. The majority of foot 
injuries are caused by tackles from the side involv-
ing lateral or medial forces on the foot that create 
a corresponding inversion or eversion of this foot. 
The weight-bearing status of the injured foot is a 
signifi cant risk factor. Although the severity of 
injury to the weight-bearing footballer’s foot is 
generally higher than that observed for the non-
weight-bearing foot, referees are no more likely to 
rule that these tackles represent foul play [ 1 – 3 ]. 

 The footballer’s foot has already some trou-
bles when considering the ground on which the 
game is performed: grass. The foot has to undergo 
atmospheric constraints and adapt to smooth, 
hard, dry, (un)stable or synthetic terrain [ 4 – 7 ]. 
The specifi c entities of the football shoe also 
need to be modifi ed in this regard. Although the 
classic foot lesions that are encountered in foot-
ball are mainly linked with trauma, shoes 
(untapped at the tibiotarsal level), the ambient 
environment and the relative hygiene of some 
players can be as important determinants for 
problems also [ 8 ].  

35.2     The Football Shoe 

 The kick and the ballistic conduct of the ball 
require a great freedom of the tibiocrural joint 
and a great stability in the subtalar and midfoot 
joints. 

 Thus, the modern shoe is low necked and the 
hind foot stabilisers stop at the crop of the mal-
leolar edges. The shoe will ‘expose’ further the 
ligaments in contrast with higher models from 
the past that protected ligaments and tendons 
more but also signifi cantly restricted the foot/
ankle mobility. 

 This explains the facilitation of abnormal 
movements (hammer/anvil) causing degenerative 
ankle lesions, painful kicking wounds and contu-
sions of the periosteum that require signifi cant 
healing time. The leather used in the modern 
football shoe is light, smooth and soft and aims to 
create a natural ‘skin feeling’. The disadvantage 
is that it facilitates direct shocks of the inlay soles 
onto the foot and microtrauma on the (dorsal) 
foot area. 

 Also, the Chopart joint area and its surround-
ing ligaments of the foot are well known to suffer 
from this repetitive kicking in football [ 6 ]. 

 The tip end of the shoe has become smooth, 
the kick and its effects have improved, the  players 
‘feel’ the ball more natural than before with more 
beautiful goals scored, but the foot has to pay the 
prize: subungual hematomas, overuse syndromes, 
early joint degeneration, avulsions, stress frac-
tures, big toe hallux rigidus etc.  
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  Department of Orthopaedic Surgery , 
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35.3     The Inlay Soles 

 Football is one of the most popular sports and 
one in which the feet are most exposed to injury. 
Statistics show that between 2 and 9.4 players per 
1,000 h of exposure suffer injury to their feet. Of 
these injuries, we most commonly fi nd sprains, 
fractures and torn ligaments as well as various 
blows and bruises. The type of foot is considered 
to be an intrinsic factor when taking injury into 
consideration, while at the same time the football 
shoe is considered an extrinsic factor. 

 The inlay sole or foot orthosis (FO) has been 
used for many years as a tool for health profes-
sionals in the treatment and prevention of injury 
to the feet and lower limbs among football play-
ers. The principal objectives are improvement in 
sports performance, optimization of biomechan-
ics and reduction of pain. 

 The evolution of the materials used in FO – 
and at the same time the making of the moulds 
and the techniques employed in their manufactur-
ing – has evolved at a rapid pace over the last few 
years. It’s not so long ago that metal inlays were 
beaten into shape with a hammer. Compare that to 
the carbon fi bre ones (or the composites formed 
under high temperatures) we have nowadays, and 
you will know what an evolution football inlay 
soles have gone through over the last decennia. 

 The advances in technology and the materials 
used in the fabrication have enabled more and 
better results, thanks to the wide range of options 
now available. Furthermore, weight and size are 
now no longer a problem for the adaptation of the 
football shoe. 

 The importance of the foot in the mechanics 
of the lower extremities is an undeniable reality, 
and custom-made FOs are possibly the best 
option for the treatment and prevention of inju-
ries, through the optimization of the biomechan-
ics of the Football player 

 The manufacturing of Foot Orthoses (FOs) 
has been susceptive to major changes in the last 
decennium with the emergence of 3D scanners 
and software designs. They offer a variety of 
options to improve the design of corrective or 
accommodative orthotic insoles. Particularly the 
latest generation of customised FOs is widely 

recognised and is used in elite football. 
Digitalization facilitates further the FO design 
and manufacturing processes. It also offers a reli-
able, precise and comfortable FO to the player, 
compared to the thermo-formed moulded tech-
niques. Nowadays, FO materials are used with 
special mechanical properties that offer the 
player fl exible, lightweight and comfortable FOs. 
The challenge remains to reduce the FO thick-
ness even more in the future, occupying minimal 
space in the football shoe (enabling the player to 
maintain a natural feeling) without compromis-
ing the FO’s therapeutic goals [ 9 ].  

35.4     The Studs 

 The height and the positioning of the studs 
change according to the terrain and play an 
important role in injury prevention of the foot. 
A continuous referee control of the cylindrical 
studs is mandatory since aggressive cone-shaped 
or point-shaped studs can cause potential injury 
during gameplay. 

 Bad stud positioning can create disastrous tor-
sion forces to the balance of the foot and subse-
quently cause injury to the lower limb and its 
ligaments. 

 We all know the mechanism of a locked foot 
onto the ground with a combined knee rotation, 
resulting in severe ligament and meniscal dam-
age to the knee. 

 Studs that are too high and too few have shown 
to be most harmful for the footballer’s foot. The 
positioning of the studs is considered in relation 
with the major zone of support to the foot, and 
the positioning of the studs can compensate in the 
absence of rigid shoe inlays. 

 When we study a modern footballer’s shoe, 
tailored with six studs, they serve in pairs: two 
anterior, two middle and two posterior ones. 

 The anteromedial stud is situated below the 
interphalangeal joint of the big toe and the antero-
lateral in the pulp of the third toe without overhang. 
Together they serve to snatch the foot with the 
ground in order to optimise the initiation of a spurt. 

 The two middle studs toggle the roll of the 
foot and its course over the ground. They also 
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play a role as brakes in a sudden stop during a 
moderate run. The middle medial stud is posi-
tioned slightly behind the sesamoids and the 
mediolateral under the fi fth metatarsal head. 

 The two posterior studs serve as standoffs and 
further as stabilisers when landing and sudden 
brutal deceleration. 

 Off course, a prefabricated shoe cannot 
accommodate to the individual foot deforma-
tions: hallux valgus, metatarsus varus or acces-
sorius, etc. Eventually, contact bursitis problems 
of the feet can occur. 

 Hammertoes or too long toes can create horns 
and hyperkeratosis. Too high and too widely 
positioned posterior studs will favour heel prob-
lems on hard surfaces. Still it’s advised to slightly 
elevate the posterior studs compared to the ante-
rior and middle pairs in order to relieve the 
Achilles tendon. 

 Furthermore, rigid hind foot shoe support can 
trigger annoying retrocalcaneal bursitis. Painful 
plantar callus formation can be set off under the 
big toe by a too externally located stud or also 
frequently due to wear over the shoe at the area of 
the base of the middle medial stud. 

 The fi rst conclusion is evidently that every 
elite football player needs a tailored shoe with the 
possibility of half sizes. The second conclusion is 
that we need to mitigate the inconveniences that 
present with the use of new shoes. 

 Deformations due to frequent usage can be 
prevented by humid brushing and regular lubrica-
tion of the shoe. Rational maintenance guidelines 
can alter these deformations with simple mea-
sures. Finally, the interior of the shoe is con-
trolled over the major support points, especially 
the base area of the studs (mousse lamellae). 

 The author found it always interesting to talk 
with veteran players about their tips and tricks. 
Although science has helped us hugely the last 
decade in order to optimise the footballer’s shoe, 
some tricks remain helpful over time:

 –    Quintus varus: Strapping  
 –   Skin horns: Circular soft washers  
 –   Partridge eye prevention: ‘Cigarette paper’ 

between the toes  
 –   Hallux valgus: Interphalangeal orthosis  

 –   Skin crease and compression prevention: 
Careful foot positioning during strapping  

 –   According to some experts, a double pair of 
dry and slightly tight football socks (one in 
cotton, one in wool) can improve the sliding 
problems in the shoe signifi cantly.     

35.5     The Footballer’s Foot 
and Static Problems 

 Hollow feet frequently create certain confl icts 
in the footballer’s shoe and relate to the occur-
rence of painful lower limbs, the so-called shin 
splints. 

 They even disturb the chain balances of the 
mechanical lower limb axis from the knee over 
the pelvis towards the spine. 

 The nature of the footballer’s shoe condemns 
all voluminous orthosis. Therefore, the inlays 
need to be light, fl exible and precise. To individu-
alise the necessary adaptations to the inlays, we 
use collars, bowls, ‘pelottes’, pronators, supina-
tors and (un)winged retro-capital bars [ 10 ].  

35.6     Dermatological 
and Cutaneous Lesions 

 Precocious disinfecting strategies can prevent 
chronic foot problems in football through simple 
protocols. 

 In order to avoid lymphangitis, adenitis and 
cellulitis problems, it’s important that young 
football players get acquainted with the habit to 
show all hematomas, wounds and blisters over 
the foot to the club’s physiotherapist or medical 
doctor immediately after every match or training 
(Figs.  35.1  and  35.2 ).   

 Frequently encountered football-related foot 
problems that require specifi c medical (dermato-
logical) care are:

 –    Bulbs and blisters  
 –   Ingrown toenail  
 –   Subungual hematoma  
 –   Plantar warts  
 –   Hyperhidrosis     
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35.7     Common Traumatic Foot 
Injuries in Football 

35.7.1     Turf Toe (First Ray 
Metatarsophalangeal Sprain) 

 –     Aetiology: Injuries to the fi rst metatarsopha-
langeal joint are commonly encountered in 

football players who participate on hard sur-
faces while wearing fl exible shoes. Recent 
data suggest that turf toe injuries occur more 
commonly in football players with an associ-
ated decreased MTP motion and an increased 
hallucal peak pressure.  

 –   Injury mechanism: Forced hyperextension of 
the fi rst metatarsophalangeal joint tears the 
plantar portion of the capsuloligamentous 
complex at its origin from the metatarsal head 
and neck (Fig.  35.3 ).   

 –   Clinical and diagnostic examination: A turf 
toe is a debilitating football injury because the 
hallux is pivotal to a football player’s ability to 
accelerate and cut. Immediately after trauma, 
the initial swelling and pain can be minor, but 
it then worsens over the next 24 h. In addition 
to the soft tissue injury, there can be a com-
bined presentation of metatarsal head 

  Fig. 35.1    Image of a chronic ingrown toenail in a foot-
ball player with progressive infectious evolution       

  Fig. 35.2    Image of football-related chronic toe 
onychomycosis       

  Fig. 35.3    Digital image of a turf toe injury mechanism       
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 impaction, fractured or unstable bipartite sesa-
moid (Fig.  35.4a–c ).   

 –   Treatment strategy: Most turf toes can be 
treated nonoperatively. A tailored football shoe 
and an individualised inlay sole – which limits 
the hyperextension of the fi rst metatarsopha-
langeal joint – can give adequate support to the 
soft tissue injury. Nevertheless, it’s advised to 
tape the toe for football training and gameplay. 
Severe injuries can require temporary restric-
tion from football and can require the need of 
protected weight-bearing with crutches for 
several days. Only in case of irreducible dislo-
cation or full rupture of the plantar plate (with 
sesamoid retraction), a surgical intervention 
can be indicated. These injuries warrant appro-
priate acute and long- term management to pre-
vent long-term dysfunction [ 11 – 17 ].     

35.7.2     Metatarsal Fractures/
Tarsometatarsal Dislocations 

 –     Injury mechanism: A direct blow or twisting 
injury with severe foot pain, immediate 

impossible weight-bearing and the need to 
be removed from play is classic presenta-
tions of a metatarsal fracture during fi eldside 
assessment.  

 –   Clinical and diagnostic examination: The foot 
can rapidly swell up to twice its normal size; 
there’s a localised or global tenderness over 
the injured areas (in case of additional mid-
foot/Lisfranc/forefoot injury). A classic X-ray 
can usually reveal the specifi c diagnosis.  

 –   Treatment strategy: A classic stable metatar-
sal shaft fracture can be treated with a partial 
weight-bearing boot or a stiff-soled shoe and 
crutches. In case of a Jones fracture, it’s 
advised to consult your orthopaedic surgeon 
since transverse fractures of the shaft of the 
fi fth metatarsal need individualised treat-
ment, especially in elite football players 
(Fig.  35.5a–d ). The treatment should be based 
upon the player’s needs, and early internal 
fi xation is shown to be frequently indicated 
in this regard, since it provides stability for 
reliable healing, allows accelerated rehabili-
tation and thus decreases the time lost from 
football (Fig.  35.5e ).     

a

c

b

  Fig. 35.4    ( a ) Sagittal T1 MRI image of a retractile plantar plate hallux injury. ( b ) Axial T2 MRI image of a medial 
sesamoid fracture. ( c ) Coronal T2 MRI image of a sesamoid bursitis       
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 Tuberosity fractures of the fi fth metatarsal are 
treated with a boot until the player is asymptom-
atic, and supportive taping/cuboid pad can be 
used to relieve the pressure from the fracture site. 

 Intra-articular fractures (with a displacement 
of 2 mm or more), unstable spiral fracture, 
Lisfranc fracture/dislocation and presentation of 
two or more metatarsal fractures in the foot are 

usually treated with open reduction and internal 
surgical fi xation.

 –    Rehabilitation and return to play: Rehabilitation 
can start upon suffi cient fracture healing. 
Progressive weight-bearing activities can be 
initiated within pain limits. Particularly impor-
tant exercises are plantar fascia stretching and 

a

c d e

b

  Fig. 35.5    ( a ) Oblique X-ray image of a proximal MT5 
fracture.( b ) Lateral X-ray image of a proximal MT5 frac-
ture. ( c ) Oblique X-ray image of another proximal MT5 
fracture presentation. ( d ) Oblique X-ray image of another 

proximal MT5 fracture type presentation. ( e ) Postoperative 
image of the minimal invasive character of a surgical per-
cutaneous MT5 fracture fi xation       
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the strengthening of the intrinsic foot muscula-
ture. Full participation towards football is usu-
ally allowed when the fracture healing is 
complete and the strength and fl exibility have 
returned to approximately 90–95 % of the 
opposite, uninjured foot [ 17 – 19 ].     

35.7.3     Midfoot Sprains (Lisfranc 
Injuries) 

 –     Aetiology: The Lisfranc joint is a complex 
skeletal and capsuloligamentous structure that 
provides signifi cant stability while maintain-
ing the transverse arch of the foot. Football 
players suffer a much higher rate of midfoot 
sprains, compared to the general population. 
They are the second most commonly docu-
mented foot injury in football after injury to 
the metatarsophalangeal joint and occur in 
4 % of football players per year.  

 –   Injury mechanism: In contrast with the high- 
velocity roadside Lisfranc injuries, football- 
related midfoot sprains occur by means of an 
indirect low-velocity force. Most football 
players describe an axial longitudinal force 
sustained while the foot was plantarfl exed and 
slightly rotated.  

 –   Diagnostic examination: Weight-bearing 
radiographs and bone scintigrams are 
 commonly used to diagnose midfoot sprains 
in football players. In case of doubt about the 
stability aspects of the sprain, clinical exami-
nation together with contralateral foot X-ray 
comparisons can be found very helpful.  

 –   Treatment strategy: The management of stable 
undisplaced midfoot sprains in football players 
is not controversial. They respond successfully 
to nonoperative management. However, the 
appropriate management of midfoot sprains 
with diastasis is controversial. Although these 
sprains represent a true Lisfranc injury, its man-
agement can differ from the classic surgical ana-
tomical reduction that is the standard treatment 
for high-velocity Lisfranc injuries. Restoration 
and maintenance of the anatomic alignment of 
the Lisfranc joint is the key to appropriate treat-
ment of midfoot sprains (Fig.  35.6 ).   

 –   Rehabilitation and return to play: Midfoot 
sprains in football are associated with an acute 
disability that can require prolonged restriction 
from competition (up to 3 months) although 
most lesions recover quickly (4–6 weeks) and 
long-term residual problems are minor [ 2 ].      

35.8     Common Nontraumatic Foot 
Injuries in Football 

35.8.1     Stress Fractures 

 –     Aetiology: Repetitive cyclical loading after 
sudden increase in intensity, frequency and 
duration of training usually cause stress frac-
tures over the foot (Fig.  35.7 ).   

 –   Clinical and diagnostic examination: The 
football player presents with swelling, pain 
and localised tenderness over the foot. AP, lat-
eral and oblique X-rays do not always exclude 

  Fig. 35.6    3D CT image of a plantar base metatarsal 2 and 
3 fracture that was initially misdiagnosed as midfoot 
sprain on X-ray       
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a stress fracture, and an MRI or bone scan can 
be indicated to acquire a defi nitive diagnosis 
(Fig.  35.8 ).   

 –   Treatment strategy: Stress fractures in the foot 
of football players are notoriously known for 
diffi cult and slow healing, especially in the 
areas of the talar neck, the tarsal navicular and 
Jones fi fth metatarsal. Boot immobilisation, 
electromagnetic pulse stimulation and non-
weight- bearing are started, but surgical fi xa-
tion (with or without bone grafting and 
drilling) can be indicated in case of delayed 
union or displaced fractures.  

 –   Rehabilitation and return to play: Weeks/
months of restricted weight-bearing are usu-
ally needed during the rehabilitation phase. 

Pool exercises can be started early with  further 
gradual progressive rehabilitation protocols 
within pain limits to be followed. A football 
player with an asymptomatic but incomplete 
fracture is allowed to regain training after 
6 weeks using appropriate protective orthoses 
(steel shank and arch support) for at least 
6 months more. It can take up to 6–9 months 
though in case of required surgical interven-
tion before the player is allowed to play full 
throttle again [ 9 ,  17 ,  20 – 28 ].     

35.8.2     Hallux Rigidus 

 –     Aetiology and injury mechanism: Hallux 
rigidus is a disabilitating degenerative dis-
ease of the fi rst metatarsophalangeal joint. In 
football, the disease arises from the repetitive 
dorsifl exion/jamming of the foot’s fi rst row. 
Together with trauma, systemic arthropa-
thies, hyperpronation, elevated metatarsal, 
poor footwear and unusually long fi rst meta-
tarsal can also initiate the degenerative 
changes.  

 –   Clinical and diagnostic examination: The 
football player complains of pain, swelling 
and decreased motion over the great toe. The 
diagnosis is made by X-ray showing joint 
space narrowing, osteophytes and metatarsal 

  Fig. 35.7    Anteroposterior X-ray image of the healing 
process after a distal metatarsal four stress fracture       

  Fig. 35.8    Sagittal T2 MRI image of a midshaft metatar-
sal stress fracture       
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head fl attening (Fig.  35.9 ). Ankylosis of the 
joint may also occur but is usually present at a 
later stage of the disease.   

 –   Treatment strategy: Adjustments to the foot-
ball shoe/inlays and podiatric modifi cations 
(to limit the motion of the fi rst metatarsopha-
langeal joint) are the initial preferred type of 
treatment in football players with hallux rigi-
dus. As an adjuvant to the biomechanical cor-
rections of the footballer’s foot made, an oral 
NSAID or intermediate-acting steroid intra- 
articular injection can help to relieve the syno-
vial joint infl ammation. In case of failed 
conservative treatment, most players are 
treated surgically with a cheilectomy that 
removes the dorsal joint impingement of the 
bone and soft tissue. Other surgical options 
available are dorsifl exion osteotomy of the 
proximal phalanx, decompression osteotomy 
and arthrodesis.  

 –   Rehabilitation and return to play: Conservative 
treatment aims at restoring the motion of the 
joint and strength of the intrinsic foot muscles. 
After cheilectomy, the football player is 
allowed to weight-bear as tolerated in a pro-
tective rigid postoperative shoe. After about 
10 weeks postoperatively, running can be ini-
tiated, but caution needs to be taken that the 
shoes can accommodate any occurring post-
operative swelling. This swelling may persist 
for 6–9 months after surgery [ 17 ,  29 ]. Further 
in-depth information on football-related stress 
fractures will be covered in Chap.   36    .     

35.8.3     Plantar Fasciitis 

 –     Aetiology: Plantar fasciitis is the most com-
mon cause of heel pain in adult football. It 
refers to a chronic infl ammation at the origin 

  Fig. 35.9    Anteroposterior X-ray image of a football player with a left foot hallux rigidus       
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of the plantar medial calcaneal tuberosity on 
the anteromedial portion of the heel. 
Analogous to the adult form, in children, it’s 
referred to as calcaneal apophysitis (Sever’s 
disorder). In chronic cases, there can occur 
combined entrapments of the fi rst branch of 
the lateral plantar nerve, contributing to the 
pain.  

 –   Clinical and diagnostic examination: The 
affected football player usually reports pain 
that worsens after resting and also reports 
morning pain and stiffness. Typically the pain 
increases during rest and decreases during 
activity. A combined stress fracture can clini-
cally present through swelling over the lateral 
side of the heel. The symptoms arise from the 
plantar fascia’s microscopic tears and infl am-
mation, not from the bony spurs that occur 
over the calcaneal edge. Frequently in plantar 
fasciitis with local tenderness over the heel, a 
tight Achilles tendon is encountered. Although 
malalignment is not commonly associated 
with plantar fasciitis, hind foot valgus with 
pronation increases the peak stresses over the 
medial plantar fascia.  

 –   Treatment strategy: A nonoperative treatment 
protocol is commonly used for plantar fasci-
itis, even in a chronic setting (up to 8 months). 
Podiatric soft heel pads, custom orthosis (with 
a medial heel wedge and a fi rst metatarsal lift 
to relieve the stress on the medial fascia and 
correct the pronation deformity) and arch tap-
ing, NSAIDS and eccentric Achilles tendon 
stretching exercises (4 min, four times a day) 
help in decreasing symptoms during football. 
Long-acting steroid injections (maximum 3 
per year) may benefi t the in-season football 
player with plantar fasciitis but should be used 
judiciously since an overuse can lead to atro-
phy of the fat pad and make the heel pain 
worse [ 30 ]. Operative treatment is used for 
chronic cases >9 months that have failed con-
servative treatment with a return to sport 
between 3 and 4 months after a gradual 
increase of impact activities during rehabilita-
tion. Due to the huge amount of different sur-
gical techniques for chronic plantar fasciitis 
and due to the unsatisfactory results in elite 

football, the author only recommends a surgi-
cal approach in limited and individualised 
plantar fasciitis cases. After the recovery treat-
ment, it’s advised to continue a preventative 
and rigorous stretching programme  throughout 
the football player’s subsequent career [ 17 ].      

35.9     Sesamoid Dysfunction 

 –     Aetiology: Football players with cavus feet 
and associated plantarfl exed fi rst metatarsal 
head are most prone to this entity. Dorsifl exion 
of the fi rst metatarsophalangeal joint causes 
the pain, and combined sesamoid stress frac-
tures are usually caused by training error itself.  

 –   Injury mechanism: Usually repetitive micro-
trauma lies at the origin of sesamoid dysfunc-
tion. The cause of pain symptoms can come 
from a fracture, sesamoiditis (infl ammation 
and swelling over the peritendinous structures 
around the sesamoids) (Fig.  35.4b ), plantar 
keratosis, medial digital nerve compression, 
osteochondritis or bursitis (Fig.  35.4c ).  

 –   Clinical and diagnostic examination: The 
player presents with localised tenderness and 
pain plantar to the fi rst metatarsal head. 
Sometimes it’s diffi cult to clinically differ 
sesamoiditis from infl ammation over the adja-
cent fl exor halluces longus (FHL) tendon. If 
active plantar fl exion of the interphalangeal 
joint against resistance exacerbates the pain, 
the FHL tendon is probably involved. A sesa-
moid view X-ray and bone scan are good tools 
in the diagnostic setup (Fig.  35.10 ). It can 
sometimes be challenging to differentiate a 
bipartite sesamoid from a fractured sesamoid 
on X-ray. A fracture will normally appear as a 
straight radiolucent line, while a congenital 
bipartite sesamoid will have more irregular 
lines.   

 –   Treatment strategy: It will depend on the cause 
of the sesamoid dysfunction but is most com-
monly through nonoperative measures. 
Custom orthosis, NSAID, shoe modifi cation 
and padding are used in the treatment of sesa-
moiditis, especially in the case of bursitis 
where the main intention is to relieve the 
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 pressure under the fi rst metatarsal head. 
Cortisone injections should be used judi-
ciously in chronic cases, and only rarely, an 
excision of a sesamoid bone in the foot of a 
football player is needed. This excision can 
induce other problems again like progression 
of a pre-existing hallux valgus deformity. 
Total sesamoidectomy in the football player is 
disadvised because of the signifi cant biome-
chanical abnormalities that it can induce. 
Non-displaced sesamoid fractures are gener-
ally treated with a below-knee boot or cast for 
4–6 weeks followed by a customised orthosis. 
Surgery is only indicated after failure with 
conservative therapy for over 6 months. In 
football players, both bone grafting and sesa-
moid excision have yielded  satisfactory surgi-
cal results in chronic nonunion cases [ 17 ,  31 ].     

35.10     Rehabilitation of the Injured 
Footballer’s Foot 

 After every injury (with or without temporary 
immobilisation), the foot has to regain its fl exi-
bility towards a normal gait and its adaptations to 
unfl at surfaces. Manual postural physiotherapy 
techniques aim at mobilising again the tibiocrural 
joint, the subtalar joint and the midfoot joint. 
Every foot injury generates a muscular atrophy 
and a loss of proprioception. Neuromuscular 
training, mobilisations, tonifi cations and gait 
rehabilitation strategies have been shown very 
benefi cial towards rapid recovery in foot/ankle 
football problems. 

 Troubled alignment problems will benefi t 
from specifi c readaptation protocols. If the trau-
matic constraints and the degenerative processes 
can be prevented during the treatment, a perfect 
recovery towards football with normal fl exibility, 
normal force and adequate proprioception of the 
foot can be achieved. The football player also has 
its responsibility in this by respecting the treat-
ment compliance, the adaptations to the shoe 
(support areas) and the strict pedagogical/pedi-
cure protocols.     
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36.1            Etiology 

 Stress fracture comprises the inability of bone to 
withstand the repeated stress which athletic activ-
ity, military service, or even normal life exerts on 
a prior strong normal or weakened bone. This 
failure to repair the microtraumas leads to fatigue 
microdamage of the bone due to predominance 
of osteoclastic over the osteoblastic activity. 

 In 2012, Ekstrand [ 1 ] studied the incidence 
and distribution of stress fractures in elite foot-
ball players. Stress fracture incidence was 
observed to be 0.04 injuries/1,000 h of exposure. 
All fractures affected the lower extremities and 
78 % of the fi fth metatarsal bone. Less frequent 

in football players were stress fractures of the 
navicular, calcaneous, and malleoli. Very rarely, 
stress fractures were observed in the proximal 
phalanx of the big toe [ 2 ]. 

 Stress fractures in female football players are 
probably more common than reported in injury 
surveillance data and are an important cause of 
time lost from participation [ 3 ].  

36.2     Risk Factors 

 In general, risk factors for stress fractures in ath-
letes were reviewed [ 4 ] and divided into two cat-
egories:  Extrinsic risk factors  are factors in the 
environment or external to an individual that 
infl uence the likelihood of sustaining an injury. 
These include the training program, equipment, 
and environmental factors.  Intrinsic risk factors  
refer to characteristics within an individual and 
how their body responds to loading and any dam-
age it generates. These include gender, the endo-
crine balance, nutritional factors, physical fi tness, 
and neuromusculoskeletal factors. 

 Specifi cally for football players, additional 
risk factors have been proposed: repetitive stress 
[ 3 ], rapid changes of load or changes of surface 
[ 3 ,  5 ,  6 ], and negative catabolism due to low 
energy availability [ 7 ,  8 ].  
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36.3     Localization of Stress 
Fractures of the Foot 
in Football Players 

36.3.1     Fifth Metatarsal Bone Stress 
Fracture 

 Stewart [ 9 ] in 1960 showed a difference in mech-
anism of injury and in the prognosis for fractures 
at the junction of the shaft (zone 3), base (Jones 
fracture) (zone 2), and fractures of the styloid 
process (zone 1). 

 The Jones fracture was fi rst described in 1902 
by Sir Robert Jones [ 10 ]. The fracture occurs at the 
junction of the diaphysis and the metaphysis of the 
fi fth metatarsal, often involving the articular facet 
between the fourth and fi fth metatarsals but not 
extending distal to the facet (Figs.  36.1  and  36.2 ).   

 The mechanism of an avulsion fracture of the 
styloid process of the fi fth metatarsal has been 
studied in cadavers. It is suggested that it is 
caused by the fi rm attachment of the lateral band 
of the plantar aponeurosis at the tip of the tuber-
osity, rather than by the more distal peroneus bre-
vis attachment [ 11 ,  12 ]. 

 Fractures in zones 1 and 2 are not considered 
as true stress fractures. 

 The metatarsal stress fracture classically 
occurs in the shaft. Studies have suggested that 
stress from the lateral aspect of the fi fth metatar-
sal head occurs in zone 3, where repeated varus 
forces on the distal end of the bone are believed 
to be responsible for stress fractures [ 13 ,  14 ]. It 
may be more prevalent in a supinated foot [ 15 ] 
and has been shown to be associated with meta-
tarsus varus [ 16 ], midfoot varus [ 16 ], cavovarus 
deformity of the foot [ 17 ,  18 ], and the fi fth meta-
tarsal curvature [ 18 ]. 

 Clinical assessment should include a careful 
search for underlying risk factors, including nutri-
tional and hormonal issues, and should explore 
training techniques and methods [ 19 – 21 ]. 

 Athletic stress fractures may be missed on ini-
tial examination [ 22 ]. A high index of suspicion 
should be maintained [ 23 ] and further imaging 
(computed tomography [CT] or magnetic reso-
nance imaging [MRI]) obtained if necessary to 
enable early detection [ 21 ] Fig.  36.3 .  

 In some cases and with ultrasound-dedicated 
specialist, diagnosis could be shown by ultra-
sound (Fig.  36.4 ).  

 After 2–3 weeks of symptoms also, a simple 
X-ray can show cortex changes in stress fracture 
(Fig.  36.5 ).  

  Fig. 36.1    Stress fracture at the diaphysis-metaphysis 
junction in the fi fth metatarsal bone, as seen on common 
radiography (X-RAY). This is an acute or Torg I fracture       

  Fig. 36.2    X-ray showing a Torg II scrlerotic stress fracture       
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 Hetsroni et al. [ 24 ] evaluated athletes using 
dynamic plantar foot pressure. They concluded 
that lateral metatarsal unloading during stance 
may play a role in the pathogenesis of the 
injury. 

 In 1984, Torg and colleagues [ 25 ] classifi ed 
the fractures of the proximal part of the diaphysis 
into 3 types: acute fracture lacking sclerosis (I), 
delayed union with fracture line widening and 
presence of intramedullary sclerosis (II), and 
nonunion with complete obliteration of the med-
ullary canal with sclerotic bone (III). 

36.3.1.1     Acute Fracture Treatment 
(Torg I) and Delayed Union 
(Torg II) 

   Nonoperative Treatment 
 When applying nonsurgical treatment, concerns 
have been raised concerning extended healing 
time, nonunion, and the possibility of refracture. 

 In the acute Jones fracture and possibly also 
the subacute (Torg type II), none or very mini-
mally displaced fracture may be treated conser-
vatively with a non-weight-bearing cast for 
6–12 weeks [ 26 – 31 ]. 

 Nonoperative treatment has been associated 
with a higher rate of treatment failure [ 16 ,  32 , 
 33 ], and early fi xation in the athlete is widely 
supported [ 16 ,  23 ,  33 – 36 ]. 

 Based on animal models, shock-wave therapy 
(high-energy acoustic waves) is believed to 
induce neovascularization, which increases cell 
proliferation and eventually tissue regeneration. 
Electromagnetic bone stimulation may also have 
a possible role in acute fracture healing [ 37 ,  38 ]. 

 As discussed above in a professional athlete, 
surgical intervention would be considered at an 
early stage, even when no symptoms are apparent 
[ 39 ]. In the acute stage, when occurring in an 

  Fig. 36.3    Bone edema and periosteal reaction due to 
metatarsal stress fracture, as seen on MRI       

  Fig. 36.4    Shown in ultrasound exam a cortex irregularity 
and periostal edema       

  Fig. 36.5    Periostal and cortical reaction at the site of the 
stress fracture, as seen on X-ray       
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athlete, the aim would be to proceed to early sur-
gical intervention which has been shown to be 
successful in this population [ 40 ].  

   Surgical Treatment 
 Lee and colleagues [ 41 ] retrospectively reviewed 
42 patients with acute (Torg I) and subacute (Torg 
II) fractures treated with modifi ed tension band 
wiring using two cortical screws. CT evaluation 
revealed a mean time to union of 75 days (40–
150 days), with all patients returning to their pre-
vious sporting activity, although there were 4 
refractures, 4 delayed unions, and 1 nonunion. 

 Autologous cancellous bone grafting com-
bined with intramedullary screw fi xation has 
been proposed by Popovic [ 42 ]. All cases united 
and returned to full sports by 12 weeks. 

 Murawski and Kennedy [ 43 ] reported on 26 
athletes, 9 of whom were zone 3 injuries, using a 
fracture-specifi c percutaneous screw system and 
bone marrow aspirate concentrate, with a mean 
overall time to union of 5 weeks (range 5–24 weeks). 

 There is insufficient evidence to advocate 
primary bone grafting of acute zone 3 frac-
tures [ 21 ].   

36.3.1.2     Chronic Fractures (Torg III) 
   Nonoperative Management 
 Delayed and nonunion of the fi fth metatarsal 
fractures may not allow return to sport in a rea-
sonable time and thereby may have a profound 
impact on an athlete’s career [ 21 ,  44 ]. 

 Khan et al. [ 45 ] retrospectively evaluated frac-
tures distal to the tuberosity, of which 15 were 
nonunions treated nonoperatively. These investi-
gators showed that although these fractures may 
eventually unite, this may take up to 20 weeks, 
thereby supporting the claim for early surgery in 
athletes.   

36.3.1.3     Surgical Treatment 
 When displacement has occurred [ 31 ], delayed 
union is apparent (Torg III) [ 27 ,  28 ,  30 ,  31 ,  46 ] or 
the athlete cannot afford the lengthy conservative 
treatment [ 27 ] which may continue up to 5 months 
[ 28 ], surgical treatment should be considered 
using a large cannulated 4.5 mm intramedullary 
screw [ 47 ] or other method of fi xation. 

   Intramedullary Screw Fixation 
 Intramedullary screw fi xation seems to be the 
more popular surgical technique in the athletic 
population Fig.  36.6 .  

 Screw fi xation is done as an outpatient proce-
dure, under local or regional anesthesia, guided 
by fl uoroscopy. A cannulated screw is inserted 
proximal to distal in the intramedullary canal. 

 Not all agree with the concept of using the 
thickest intramedullary screw possible. Shah 
et al. in 2001 found no difference between a 4.5 
and a 5.5 mm screw placed intramedullarily in a 
simulated fracture [ 48 ]. 

 The radiological union was 99 % and the 
mean time to return to sports was 7.5 weeks [ 47 ] .  

 Intramedullary screw fi xation is the commonest 
type of fi xation for nonunions, although it is not 
without complications. Porter et al. [ 47 ] demon-
strated 100 % clinical and radiological union after 
4.5 mm cannulated screw fi xation in 23 athletes. 

 Habbu et al. [ 49 ] reported a radiological union in 
all 14 cases in their series, with a mean time to union 
of 13.3 weeks, and unassisted full pain- free weight-
bearing at 10.2 weeks. Complications described 
included deep infection and sural neuroma. 

 Nevertheless, there have been a few reported 
series of failures of intramedullary screw fi xation 
of proximal fi fth metatarsal fractures in the form 
of refracture or screw breakage [ 50 ,  51 ].  

  Fig. 36.6    Stress fracture of the fi fth metatarsal treated by 
cortical drilling and intramedullary screw fi xation       
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   Tension Band Wiring 
 Lee et al. presented their results in 42 patients 
using tension band wiring [ 18 ]. Failures occurred 
in less than 10 % of the cases [ 41 ] .  

   Other Treatment Options 
 Capacitively coupled electric fi elds [ 52 ,  53 ], low- 
intensity pulsed ultrasound [LIPU] [ 54 – 56 ], and 
shock-wave therapy (SWT) [ 56 ,  57 ] may have a 
role in treating persistent cases and thus  achieving 
eventual faster consolidation of the fracture or at 
least alleviation of pain [ 58 ].    

36.3.2     Navicular Stress Fractures 

 Navicular stress fracture is a relatively uncom-
mon injury, about 3 % of the foot stress fractures 
[ 59 ]. These have been described in athletes espe-
cially in jumping or sprinting, inclusive of fi gure 
skating, ball games, and dance [ 60 – 62 ]. These 
fractures are also seen in long-distance runners 
using the forefoot in the footstrike [ 63 – 68 ]. 

 The late diagnosis and the tendency for non-
union with or without avascular necrosis [ 69 ] 
have made this fracture unwelcome in sports 
medicine clinics. 

36.3.2.1     Pathophysiology 
 The navicular bone may be repeatedly “bent” 
when compressed in the sagittal plane between 
the talus and the cuneiforms during repeated 
stress [ 67 ,  70 ]. Some conditions have been sug-
gested as possible contributing factors for navic-
ular stress fractures as reduced dorsifl exion of 
the ankle [ 27 ], short fi rst metatarsal, a long sec-
ond metatarsal [ 54 ], and excessive subtalar pro-

nation [ 27 ]. Also avascular area was describe as 
factor for the stress fractures [ 27 ] Fig.  36.7 .   

36.3.2.2     Clinical Presentation 
and Diagnosis 

 Insidious deep pain radiating to the distal forefoot 
medially and or dorsally, occurring after sprint-
ing, running, or jumping should raise the suspi-
cion of a navicular stress fracture [ 27 ,  70 – 73 ]. 

 Physical examination will disclose local ten-
derness of the navicular on the dorsal aspect of 
the foot [ 27 ] and often reduced dorsal fl exion and 
subtalar motion [ 61 ,  74 ]. 

 Imaging includes 3 plane X-rays, which are 
often of low sensitivity [ 27 ,  70 ], with a positive 
result for fracture only in 14 % [ 75 ]. 

 The technetium bone scan (BS) has shown 
high sensitivity and low specifi city showing a 
strong reaction of the whole navicular bone [ 27 , 
 70 ,  76 ] Fig.  36.8 .  

 The computerized tomogram (CT) is the most 
accurate of the imaging methods for the navicular 
stress fracture. Magnetic resonance (MRI) is not 
often used in the diagnosis of navicular stress 

  Fig. 36.7    Avascular area described for the navicular bone       

  Fig. 36.8    Bone scan showing local reaction over the navicular bone. Schematic view of the stress fracture       
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fracture though it has been used for serial follow-
 up of healing [ 77 ] Fig.  36.9 .  

 Diagnosis is frequently delayed 4–7 months 
because of the vague symptoms and frequently 
normal initial X-rays.  

36.3.2.3     Differential Diagnosis 
 Bipartite navicular according to the computer-
ized tomogram (CT) or accessory navicular is 
sometimes very diffi cult to differentiate from a 
stress fracture. Magnetic resonance (MRI) using 
T2-weighed images could assist the diagnosis by 
showing edema in acute trauma or in stress injury 
[ 76 – 78 ]. 

 Osteochondritis dissecans (OCD), avascular 
necrosis (AVN), or Kienboeck’s disease should 
be also kept in mind.  

36.3.2.4     Treatment 
 Khan recommended treatment by non-weight 
bearing with immobilization for 6 weeks, fol-
lowed by 6 weeks of a rehabilitation program fol-
lowed up by clinical appearance based on pain on 
activity and dorsal sensitivity on examination 
[ 70 ]. To follow up union, MRI may be used [ 77 ] 
or CT may be used which might show union 
beginning at 6 weeks and complete union at 
4 months [ 78 ]. 

 Surgical treatment is usually not necessary and 
not recommended [ 66 ,  70 ,  79 ]. Healing may pos-
sibly be assisted by pulsed low-intensity ultrasound 
[ 53 ] or capacitively coupled electric fi elds [ 54 ]. 

 Surgical treatment for painful persistent 
nonunion remains an option in selected cases 
[ 65 ,  66 ]. 

 Puddu et al. have suggested the following out-
line for treatment [ 62 ]:

    1.     Noncomplicated partial fracture and undis-
placed complete fracture : Non-weight- 
bearing plaster for 6–8 weeks.   

   2.     Displaced complete fracture : Treatment as 
above or alternatively surgical reduction and 
fi xation followed by non-weight-bearing 
immobilization in plaster for 6 weeks.   

   3.     Fracture complicated by delayed union or 
nonunion : Curettage and inlaid bone grafting 
with internal fi xation of unstable fragments 
(without attempting reduction because in gen-
eral there is already a fi brous union). Any 
sclerotic fragments found must not be 
removed but must be fi xed. After the opera-
tion, a non-weight- bearing cast must be 
applied for 6–8 weeks. Recovery is monitored 
by radiographs (sometimes 3–6 months are 
necessary).   

   4.     Partial fracture complicated by a small trans-
verse dorsal fracture : The dorsal fragment 
may have to be removed.   

   5.     Complete fracture complicated by a wide-
spread transverse dorsal fracture : Recovery 
takes place by immobilization.    
  Dorsal talar beaks must be removed during 

surgery. 

  Fig. 36.9    Navicular stress fracture as shown by CT and MRI. Surgical treatment with 2 cannulate screw and bone 
grafting       
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 Surgical intervention has a relatively high occur-
rence of failure and complication, and the patient 
should be informed of possibly less than optimal 
results, before surgical treatment is initiated.   

36.3.3     Sesamoid Stress Fractures 

 Sesamoid stress fractures occur in a wide variety of 
sports such as football. Injury of the sesamoid could 
cause incapacitating pain on athletic activity [ 80 ]. 

36.3.3.1     Pathophysiology 
 The sesamoid bones are located plantar to the 
fi rst metatarsal head where they are imbedded 
within the plantar plate, as part of the tendon of 
the fl exor hallucis brevis. The large forces of 
weight bearing and traction expose the sesamoids 
to a variety of pathologies, inclusive of sesamoid-
itis, chondromalacia, osteochondritis dissecans, 
avascular necrosis (osteonecrosis), osteoarthritis, 
osteochondral fractures, and stress fractures [ 81 ]. 

 Stress fractures of the sesamoid comprise 
approximately 5 % of foot stress fractures [ 59 ]. 
The stress fracture involves mostly the medial 
sesamoid [ 62 ,  82 ,  83 ]. 

 Sesamoid stress fractures have a strong ten-
dency to nonunion, probably more than any other 
bone [ 84 ].  

36.3.3.2    Clinical Presentation 
 Pain is of insidious onset and unusually long 
standing. It is poorly localized, occurring during 
or after activity and relieved by rest [ 61 ]. Pain is 
increased by hyperextension of the great toe and 
by local pressure.  

36.3.3.3    Diagnosis 
 Diagnosis is confi rmed by  X-rays  inclusive of an 
anterior-posterior projection, a lateral projection, 
and an axial projection, which would differenti-
ate a fracture from a bipartite sesamoid based on 
the total length of the fragments. A fractured 
sesamoid would usually show equal-sized frag-
ments, ragged in texture, while a bipartite sesa-
moid would have smooth and unequal fragments 
[ 61 ]. 75 % of bipartite sesamoids are bilateral 
[ 85 ,  86 ]. 

 A  computerized tomogram (CT)  gives an 
accurate and clear image of the injury [ 82 ]. 

 The fracture line would usually be transverse, 
with osteoporotic edges which would become 
smoother in time [ 86 ]. Both computerized tomo-
grams (CT) [ 87 ] and magnetic resonance (MRI) 
[ 88 ] have been suggested for accurate diagnosis. 
Osteochondritis dissecans or osteonecrosis could 
occur [ 89 ] and radiologically could be diffi cult to 
differentiate from a bipartite sesamoid or a frag-
mented stress fracture (Fig.  36.10 ).   

36.3.3.4    Treatment 
 Treatment probably should be relatively aggres-
sive, nonsurgical, with orthoses preventing hal-
lux dorsifl exion, and padding along side with 
relative rest [ 62 ] probably for 3–6 weeks. If 
symptoms are severe, a platform cast for 6 weeks 
with protection from toe dorsifl exion may be 
used [ 59 ,  61 ,  90 ], controlled by repeated X-ray 
[ 61 ]. Others recommend a cast, possibly non- 
weight bearing, for 6 weeks as the initial treat-
ment [ 86 ,  87 ], with appropriate padding to reduce 
pressure on the injured bone. To our experience, 

  Fig. 36.10    X-ray and CT scan showing a sesamoid stress fracture       
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cast application rarely works and may be harm-
ful, especially in the younger age. 

 If symptoms persist, bone grafting may be 
attempted [ 91 ], though excision of the fractured 
sesamoid is probably more often practical [ 61 , 
 62 ,  66 ,  82 ,  83 ,  92 ] a procedure allowing return to 
full activity after an initial 3 week period of 
immobilization [ 66 ]. Excision could be total or 
partial [ 27 ,  93 ]. Shaving has been practiced [ 80 ]. 
Excision of both sesamoids is not recommended 
[ 80 ]. Medial partial sesamoidectomy has also 
been described as an arthroscopic procedure [ 94 ]. 

 In summary stress fractures of the sesamoids 
occur following repeated traction and usually 
involve the medial sesamoid. Pain is insidious and 
long standing. Diagnosis is clinical, as pain is 
caused by both toe dorsifl exion and local pres-
sure. Diagnosis is assisted by X-rays and bone 
scan and occasional CT or MRI. Radiological dif-
ferential diagnosis includes bipartite or multipar-
tite sesamoid or osteochondritis. Clinical 
differential diagnosis includes mainly sesamoid 
chondromalacia or osteoarthritis, the latter of 
which could be apparent on x-ray. The sesamoid 
stress fracture has a strong tendency to nonunion. 
Treatment should be initiated immediately after 
diagnosis and includes orthoses or rarely cast for 
6 weeks with a platform to prevent toe extension. 

 If clinical and radiological healing fails to 
occur, surgical treatment by partial or total exci-
sion of the sesamoid should be initiated followed 
by 3 weeks of immobilization before gradually 
returning to sports. In selected cases, bone graft 
to the fracture could be considered.    

36.4     Other Different 
and Relatively Unusual 
Stress Fractures 

36.4.1     The Base of the Fourth 
Metatarsal Bone 

 Stress fracture of the base of the fourth metatarsal 
has been shown to present as a troublesome location 
of a stress fracture, tending to delayed union and 
ongoing symptomatology [ 95 – 97 ]. Its  similarity 
to the Jones fracture is rather interesting. Surgical 
treatment of this injury has been advocated [ 97 ] 
though we never found this necessary Fig.  36.11 .   

36.4.2     Talus Stress Fracture 

 Stress fractures have also been noted in the talus 
[ 98 ,  99 ], a rather benign entity well known to phy-
sicians working with military personnel. These 
could also occur as an insuffi ciency fracture [ 100 ].  

36.4.3     Tibial Malleolar Stress 
Fractures 

 Malleolar stress fractures [ 101 – 104 ] are often seen 
on bone scans and in the majority of cases will heal 
uneventfully (Fig.  36.12 ). Standard radiographs 
may not reveal the lesion unless displacement has 
occurred [ 104 ] and other imaging as MRI [ 104 ] or 
bone scan should be used. In an occasional case, 
operative intervention may be required [ 102 ]. It 

  Fig. 36.11    Stress fracture of the base of the 4th metatar-
sal, as seen on X-ray       

  Fig. 36.12    CT scan showing a displaced stress fracture 
of medial malleolus       
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should be noted that conservative treatment could 
lead to displacement [ 105 ] and the use of a percu-
taneous cannulated screw has been described as a 
surgical option enabling return to training within 
24 days [ 106 ]. Early surgical intervention is advo-
cated by some authorities in order to prevent dis-
placement and allow early return to full activity 
[ 107 ]. Healing may take 3–4 months [ 107 ]. 
Bilateral occurrence has been described [ 108 ].   

36.4.4     Calcaneal Stress Fractures 

 Calcaneal stress fractures are not frequently 
reported today, though rather common in the past 
[ 109 ]. 

 The incidence of calcaneal stress fractures is 
highest in military recruits and long-distance run-
ners [ 110 ]. 

 A case of bilateral fracture has been reported 
[ 111 ], and a case of stress fracture of the anterior 
process of the calcaneum has been reported in tar-

sal coalition [ 112 ]. Also described are calcaneal 
stress fractures during the postoperative period 
following total knee or total hip arthroplasty 
[ 113 ]. Plain fi lms will often show a sclerotic or 
radiolucent line after 2–3 weeks of symptoms 
(Fig.  36.13 ). MRI probably is the gold standard 
showing edema and the fracture line (Fig.  36.14 ).   

 Diagnosis is diffi cult and could be confused 
with plantar fasciitis, Achilles tendinitis, Baxter 
entrapment, and retrocalcaneal bursitis [ 110 ]. 
Calcaneal stress fractures can be adequately 
treated with activity modifi cation without casting 
or surgical intervention.  

36.4.5     Base Metatarsal II Stress 
Fracture 

 Stress fractures on the base of the second meta-
tarsal are described in ballet dancers [ 114 – 117 ] 
(Fig.  36.15 ). It frequently presents with pain over 

  Fig. 36.13    Shows a sclerotic line in the posterior aspect 
of the calcaneous       

  Fig. 36.14    MRI showing the calcaneal edema and the 
fracture line       
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the midfoot when jumping or in full-point 
 position. Clinically, it was impossible to differen-
tiate between dancers who had traumatic synovi-
tis of the second tarsometatarsal joint (Lisfranc 
joint) and stress fracture of the base of the second 
metatarsal [ 116 ]. MRI is the gold standard to dif-
ferentiate between edema at the metatarsal bone 
and synovitis. It seems that if the fracture is rec-
ognized early and treated appropriately with rest 
and back gradually to dance, healing should 
result. Patients returned to performing at an aver-
age of 6.2 weeks following diagnosis [ 114 ].    

36.5     In Summary 

 Stress fractures in football players are frequent 
and 78 % occur in the fi fth metatarsal. Classically, 
it occurs in the shaft of the metatarsal and could 
be classifi ed as in acute, subacute, and chronic. 
Nonoperative treatment has been associated with 
a higher rate of treatment failure. Cortical drilling 
and intramedullar screwing is the most used 
technique. 

 Less frequent stress fractures in the football 
player include navicular and sesamoid stress 
fracture. Relatively unusual stress fracture of the 
base of the 2nd, 4th metatarsals, talus, medial 
maleolar, and calcaneous were described. Guided 
anamnesis, meticulous physical examination, and 
correct imaging with a high grade of suspicion 
would lead to the correct treatment and back to 
full performance.     
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37.1            Introduction 

 The evolution and the increasing interest in sport 
medicine have been powerful drives to improve 
the state of art in many aspects, from basic sci-
ence through diagnosis, treatment, rehabilitation 
and return to sport. 

 The rehabilitation concept has widely evolved 
in the last decades, progressively embracing new 
concepts, focusing on the optimisation of the 
recovery process. 

  Orthopaedic and sports rehabilitation  is now 
a new frontier of medicine in which clinical and 
organisational aspects have to coexist to optimise 
patient functional outcome. 

 The aim of this chapter is to describe the sci-
entifi c background and the new trends in rehabili-
tation strategy.  

37.2     Scientifi c Background 
(From “Protection-Oriented” 
Rehabilitation to Functional 
Recovery) 

 The history of rehabilitation has been marked by 
several phases. We have to deeply analyse them 
to really understand where we are now. 

 The typical examples of this broad evolution 
are the anterior cruciate ligament (ACL) injury 
and postsurgical management. 

 In the early 1980s, a defensive strategy of 
rehabilitation predominated with long periods of 
immobilisation and no weight-bearing. This 
approach used to give rise to a series of very com-
mon complications, such as arthrofi brosis, per-
manent range of motion (ROM) defi cit, delay in 
strength recovery and anterior knee pain [ 1 ]. 

 In 1990, Shelbourne et al. [ 2 ] showed that 
 accelerated rehabilitation  with immediate recov-
ery of knee extension, early weight-bearing and 
quadriceps strengthening led to faster recovery 
and better results. Even though the accelerated 
strategy after ACL reconstruction is still under 
debate, a new era of rehabilitation had begun. 

 In 1996, Dye [ 3 ] gave another signifi cant con-
tribution to the optimal recovery after knee sur-
gery. His holistic approach is to consider the knee 
joint as an “envelope of function”, in which dif-
ferent structures play a fundamental role in main-
taining the joint homeostasis. The muscular and 
neuromuscular control assumed a decisive role to 
ensure system stability. 
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 This new perspective highlighted the fact that 
recovery time and loading progression were not 
strictly fi xed by biological considerations but that 
timing depended on the stimuli given to the heal-
ing functional tissues. 

 According to this point of view, a rehabilitation 
strategy based on progression through  clinical and 
functional criteria , instead of fi xed time, started to 
gain popularity. In the early 2000s, Kvist et al. [ 4 ] 
formalised this approach and clarifi ed the concept 
that certain criteria should be reached before 
allowing the patient to return to sport. 

 Nowadays, it is widely accepted that an accel-
erated rehabilitation protocol leads to important 
advantages without affecting knee stability [ 5 ]. 
Plus the scientifi c community is focusing on dif-
ferent aspects of human kinetics and on how cer-
tain  movement patterns , involving the whole 
kinetic chain, may play a crucial role in func-
tional recovery [ 6 ]. 

 Through more than 30 years, there has been a 
progressive shift from “protection-oriented” to 
“functional-oriented” protocols.  

37.3     Crucial Principles 

 We’d like to introduce our vision starting from the 
very beginning: the injured player. At the time of 
injury, our focus is on the lesion, trying to get the 
diagnosis and plan the treatment as soon as pos-
sible. The situation is different; in fact, we have to 
consider that making the correct diagnosis is only 
the fi rst step of a long recovery process that goes 
from the injury to the return to play (Fig.  37.1 ).  

 Together with the Football Medicine Community, 
we assume to have a perfect control of the fi rst 
phases and a pretty good control of the strengthen-
ing phase. Unfortunately, there is often an insuffi -
cient control of the last phases, when the goal is 
almost reached. We always have to remember that 
the last phases are important, both to really reach a 
complete recovery and for preventing re-injuries. 

 For this reason, we should change the classical 
medical paradigm, moving  from the lesion to the 
recovery , embracing also fi tness reconditioning, 
football skill restoration and re-injury prevention 
in the rehabilitation process. 

Injury

Diagnosis & Surgery

Post surgical management

Recovery of A.D.L .

Strengthening phase

Fitness reconditioning

Sport skill restoration

Reinjury prevention

Last
crucial

phase

Return to play

  Fig. 37.1    From injury to return 
to play .  The recovery pathway 
consists of three main phases. 
New trends may be addressed 
to the last one, which is the 
most challenging       
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 In other words, we should have the  complete 
control of the whole recovery process.  

 In order to reach this challenging goal, we sug-
gest the same sports medicine team to follow the 
player from the injury to the fi rst offi cial match.  

37.4     Rehabilitation Strategy 

 As stated in the introduction, one of the main 
aspects of a successful rehabilitation is having a 
proper organisation. So we suggest a strategy 
based on three fundamental points including  the 
facility ,  the team and the method.  

 In order to complete the rehab pathway of a 
football player, we surely need a proper facility 
consisting of  medical offi ces ,  rehabilitation gyms , 
 rehabilitation pools and sport fi elds.  The use of 
these suitable areas at well-defi ned moments is 
critical for the best functional outcome. 

 Regarding the pool, the water environment 
allows the early introduction of sport-specifi c 
movement patterns, such as kicking or heading in 
football (Fig.  37.2 ). These exercises will be pro-
posed again in the later phases, both in the gym 
and on the fi eld, creating a sort of continuum. 
This approach is thought to favour the motor 
scheme reeducation. In fact, after the trauma, 
there may be a process of joint de-efferentation 
and central disorganisation. The early  introduction 
of some complex stimuli is recommended to 
solve neuromuscular impairments.  

 The rehab gym is still considered the main 
rehabilitation area. Apart from the classical ROM 
and strength exercises, it is useful to introduce 
more neuromuscular exercises, considering not 
only the affected joint but also the whole kinetic 
chain and the biomechanical connection among 
different joints. 

 According to our philosophy, we have to pro-
gressively introduce sport-specifi c gestures on 
real sports fi eld, to better restore player’s self 
confi dence in a supervised environment. The on- 
fi eld rehabilitation (OFR) offers three main 
advantages: the complete recovery of specifi c 
movement patterns, metabolic reconditioning 
and a real education in prevention strategies. 

 Regarding the sports medicine team, we think 
it should be at least made by  a sport medicine 
physician ,  a physical therapist  and  a condition-
ing specialist.  They are supposed to follow 
together the player from the injury to the offi cial 
return to play. 

 The last key point of a good strategy is having a 
working method shared by the team. According to 
our philosophy, the physician should act as the 
“case manager” .  He/she is in charge of controlling 
the process, from the beginning to the end, com-
municating regularly with the orthopaedic sur-
geon, coordinating the team around the patient and 
planning a customised protocol. Having a good 
and fl uent communication model within the team 
is also mandatory to be successful. A frequent 
clinical update is important to constantly monitor 

a b c

  Fig. 37.2    Neuroplasticity exercises in the pool. ( a ,  b ,  c ) Different moments of football-specifi c heading exercises per-
formed in the early phase of the rehabilitation       
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patient’s improvements and solve  eventual com-
plications. In fact, the strength of a sport medicine 
group has to be measured in the management of 
diffi cult cases, when logistical and clinical skills 
are required.  

37.5     Criteria-Based Rehabilitation 

 The general feeling in the scientifi c community is 
that rehabilitation should be based on criteria 
progression, rather than on predefi ned times. 
Certain clinical and functional pitfalls have to be 
satisfi ed to safely progress in the recovery 
process. 

 According to literature, the goal of any 
criteria- based guideline is to maximise the patient 
response to exercise while minimising the risk of 
re-injury [ 7 ]. This approach is widely described 
about rehabilitation after ACL reconstruction [ 4 , 
 5 ,  7 – 9 ]. Some authors individuated in  quadriceps 
strength ,  functional testing  and  patient-reported 
outcome scales (KOS-sport ,  IKDC2000)  [ 7 ] the 
best criteria to be fulfi lled before returning to 
sport. Even if it is generally requested a limb 
symmetry of 90 %, we strongly suggest to aim to 
the 100 %. Only a few authors described a com-
prehensive protocol based on strict criteria to 
progress within the different phases, from the 
earliest to the latest [ 4 ]. A similar strategy is also 
applied in rehabilitation after articular cartilage 
repair [ 10 ]. Authors underline the importance of 
defi ned milestones to pass from one phase to the 
next. The criteria role is emerging also in other 
areas of sport traumatology. Heiderscheit et al. 
proposed a similar progression model in the ham-
string injuries rehabilitation; objective criteria 
were individuated to progress through the three 
periods [ 11 ]. 

 The described approach (without fi xed times) 
is the only one that allows to build up a truly cus-
tomised rehabilitation protocol. Basing on the 
literature and on our own philosophy, we advise 
to use this kind of mind setting in many different 
clinical situations. This can be done only if a per-
fect control of all the clinical and logistic factors 
is achieved. The real challenge still remains in 
identifying and respecting the stated criteria. 

 To better describe this new trend, we published 
papers showing our personal protocol following 
ACL reconstruction (ACL-R) and autologous 
chondrocytes implantation (ACI) in football play-
ers and other active patients [ 9 ,  12 ]. 

 Our protocol is based on the so-called traffi c 
lights concept. Predefi ned functional goals are 
allowed only if specifi c clinical and functional 
criteria are previously satisfi ed so that the time is 
a secondary issue. We individuated four func-
tional goals ( (1) walk without crutches ,  (2) run on 
a treadmill ,  (3) start supervised OFR ,  (4) return 
to the team)  and their respective criteria 
(Fig.  37.3 ). This is the protocol we daily adopt 
for a wide variety of knee surgical patients, but 
the same model could be used for every kind of 
pathology.  

 For example, regarding recovery after ACL-R, 
we depicted and published data about timing. In 
a selected population of 50 footballers, patients 
were able to walk without crutches after 29 ± 8 
days, run on the treadmill after 76 ± 26 days, start 
OFR after 90 ± 26 days and return to the team 
after 148 ± 36 days (4.9 months). The mean time 
to return to the fi rst offi cial match was 185 ± 52 
days (6.2 months) [ 9 ]. 

 Regardless from the clinical issue you are 
dealing with, we believe that the key of success-
ful recovery is maintaining the balance between 
 biological healing  of the injured tissue and  func-
tional recovery  of the patient. We know that bio-
logical maturation of tissues may take time, while 
functional recovery is faster and may help the tis-
sue regeneration. A crucial example is the recov-
ery of knee full extension (FE) after ACL-R. It is 
mandatory to reach the FE as quickly as possible, 
without affecting the graft healing [ 2 ].  

37.6     Return to Sport Philosophy 

 According to what we previously described, we let 
the athlete to return to sport only if the criteria are 
completely satisfi ed and the light is “green”. In 
order to allow a better comprehension of the issue, 
we will present you a case after ACL-R (Fig.  37.4 ). 
In the scheme, we present the same patient at dif-
ferent moments of his recovery  process, focusing 
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•
•

•

•
•
•

•

•

•
•
•

•

•
•

Recovery of correct gait cycle

Strength: ≥80 % vs controlateral limb at the
knee isokinetic test

Being able to run on a treadmill at 8 km/h
for at least 10’

Movement pattern restoration ( ≥ 90 pts at
the movement analysis test)

Complete recovery of strength (100% at
the isokinetic test)

No giving way episodes
Complete ROM

Complete metabolic recovery (reference
values for sport level at the threshold test)

Complete OFR

Absence of,or minimal (NRS<3) pain and
intraarticular effusion

Knee full extension (as the controlateral)

Criteria based isokinetic rehabilitation protocol

1) Walk without crutches 2) Run on a treadmill

4) Return to the team3) Start on field rehabilitation

No pain during walking (NRS<3)
Active knee flexion >120°
Proper muscle tone of trunk, thigh and leg
muscles

  Fig. 37.3    Traffi c light concept. The four functional goals 
(walking, running, on-fi eld rehab, return to the team) are 
permitted only when all the respected criteria are satisfi ed 

( NRS  numeric rating scale,  ROM  range of motion,  OFR  
on- fi eld rehabilitation)       

Clinical Stable knee
Isokinetic test 17% Extensors strength deficit
Threshold test S2 7.5 km/h
MAT test Dynamic knee valgus
OFR Not completed

Not ready (red light)

Clinical Stable knee
Isokinetic test 100% vs controlateral knee
Threshold test S2 10.5 km/h
MAT test Good movement strategy
OFR Completed

Ready (green light)

  Fig. 37.4    To play or not to play. ( a ) The patient presents 
several impairments; certain criteria are not satisfi ed yet. 
So the patient is not allowed to return to sport. In the fi g-
ure, we can observe a dynamic knee valgus in the cut 

manoeuvre. ( b ) The patient solved the impairments and he 
is now allowed to return to the team. In the fi gure, we can 
appreciate a better lower limb movement strategy       
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on the ability to either pass or not the return to 
sport criteria. Considering only the knee stability 
is no more accepted. Many factors, evaluated 
through objective measurements, play a key role in 
ensuring a safe and effective return to sport.  

  Recovery of muscular strength  is certainly a 
milestone in rehabilitation, both in the literature 
and in our experience. It is mandatory to reach 
the symmetry between the two limbs (for knee 
patients, we adopt 100 % both for extensor and 
fl exor strength) evaluated with the isokinetic test. 
In case of strength defi cit, the test must be 
repeated until the complete recovery. 

  Metabolic recovery  also plays a role and has 
to be considered because fatigue leads to a poten-
tial risk of re-injury. We suggest checking aerobic 
and anaerobic lactate thresholds through specifi c 
tests. Customised threshold training is subse-
quently proposed to guarantee a proper metabolic 
reconditioning, and a continuous monitoring of 
the heart rate permits a tailored work on patient’s 
thresholds (Fig.  37.5 ).  

  Movement pattern restoration , together with 
football-specifi c gestures, needs to be pursued. 
We know that specifi c movement patterns are fre-
quently associated with a certain type of injury 

a

b c

  Fig. 37.5    Heart rate 
monitoring. ( a ) The patient 
wears the heart rate (HR) 
monitor. ( b ) The physiothera-
pist explains the system to the 
patient. ( c ) The visual 
feedback of the actual HR 
level is helpful in maintaining 
the desired threshold activity       
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(e.g. mild knee valgus and ACL injury [ 13 ]). 
These dangerous patterns have to be avoided in 
order to reduce the re-injury rate. Patients pre-
senting with some kind of movement impair-
ments need to be pro-habilitated to a more correct 
movement strategy. This is the main reason why 
we suggest to use a sport-specifi c movement 
analysis test (MAT). Plus the use of video tech-
nology during rehabilitation sessions allows a 
continued biofeedback helping the patient to 
restore proper biomechanics (Fig.  37.6 ). So, 
logistically, an  on-fi eld rehabilitation programme  
should be completed. The protocol needs to be 
progressive in terms of loading, complexity of 
the proposed exercises and velocity of the agility 
drills. Moreover, it should be focused on the 
whole athlete biomechanics. Regarding the dura-
tion of the OFR, it mainly depends on the clinical 
issue. We suggest 1 week OFR programme for 
partial meniscectomy, 5 weeks for ACL-R and 10 
weeks for cartilage repair.  

  Prevention and psychological aspects  are other 
“key topics” in the modern rehabilitation land-
scape. The prevention concept needs to be early 
introduced in the recovery process; there may be a 
continuum of interventions aimed to re- injury 
prevention (secondary prevention), from the fi rst 
specifi c intervention in the pool to the more spe-
cifi c neuromuscular programmes (e.g. FIFA 11+) 
to be performed on the fi eld. The programmes 
may be really effective in primary  prevention, 

with a reduction up to 30 % of injuries, in case of 
maximal compliance to the programme [ 14 ]. 
Indeed a correct prevention education of the 
injured athlete is mandatory. Psychological fac-
tors have been already studied; it seems that both 
fear (fear of re-injury, kinesiophobia and other 
kinds of fear) and innate personality traits play a 
role in the return to sport decision [ 15 ]. We have 
to always remember that as Bruce Reider said one 
time: “sound mind, sound body” [ 16 ]. You cannot 
deal only with a joint, neither with a kinetic chain; 
you have to relate with the patient. With this 
assumption, it is easy to understand that a higher 
attention to this aspect may infl uence the fi nal 
functional outcome. 

 The criteria philosophy is the natural evolu-
tion of sport rehabilitation, derived from the logi-
cal statement that objective parameters have to be 
measured to assess the readiness of the athlete.  

    Conclusions 

  Orthopaedic and sports rehabilitation  is a 
unique branch of medicine. The progressive 
introduction of new technologies brought, is 
bringing and will bring great improvements in 
patient’s outcome and perception of the pro-
posed exercise. The bravery to use and imple-
ment new approaches, never forgetting the 
biological basis and timing of the tissue heal-
ing, will take the sports medicine community 
to the new era of rehabilitation.     

  Fig. 37.6    Movement 
patterns evaluation. Example 
of a possible setting for 
biomechanics assessment 
and movement strategy 
biofeedback       
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