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Football is not only a fantastic and unique sport with benefits 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 identifies 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
specific 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






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 first 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 difficult but necessary work to gain a sufficiently deep
knowledge of the risks and benefits of different therapies and approaches, and
of their contraindications, as a sound basis for decision making.
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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 field. 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
significantly 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 reflection 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 profit-
ability of events.

Damiano Tommasi,
President, Italian Footballers’ Association,
Vicenza, Italy

Foreword Il



Over recent decades, much has been done in football to promote health pro-
tection, particularly in the context of sports trauma prevention. Significant
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 significantly.

The desire to decrease the incidence of trauma in professional and amateur
sportspeople reflects 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
official 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
field 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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Partl

General Concepts



Cristiano Eirale

Epidemiology is the science that studies the pat-
terns, causes and effects of health and disease
conditions in defined 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 influence on the economy of the
club.

The way to reduce injury incidence is called
prevention. Conducting an injury surveillance
study is the fundamental first 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

C. Eirale

Aspetar — Qatar Orthopedic and Sport
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e-mail: Cristiano.eirale @aspetar.com

© Springer International Publishing Switzerland 2015

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 definition.

In early studies, reports from emergency
departments and insurance claims have been uti-
lized. It is clear that these definitions have many
limitations; the most important is that, counting
only injuries which are referred to a specific hos-
pital or for which an insurance claim to a definite
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” definition 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 definition provides a
wide picture of the impact of the injuries on the
athletes, it also relies on factors like the

P. Volpi (ed.), Football Traumatology: New Trends, DOI 10.1007/978-3-319-18245-2_1
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availability of medical staff and the players’ pain
threshold.

The time-loss injury definition 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 definition 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 definition may not offer a correct
picture of the injury epidemiology in football.

In addition to the different definitions, 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-
fied 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

C.Eirale

fundamental in order to ensure complete collec-
tion. New technologies such as mobile phones,
table PC and specific softwares have been imple-
mented with this aim. In addition, recent literature
shows the need for a revision of the best definition
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 scientific 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  InjuryIncidence

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
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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 confirmed by the scientific 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 field is still
open. It seems that strikers have a higher injury
rate than midfielder and defenders [33]. However,
other researches showed a higher rate in defend-
ers [34] and midfielders [35]. Most of the studies
show a lower incidence in goalkeepers, compared
with field players [36].

1.5  Match and Training

Injury Rates

Most injuries occur during matches, where there is
five 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 defined 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 defined 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 first 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-specific 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
definition 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



activity; therefore they are less recorded in studies
utilizing a time-loss definition. This example high-
lights the importance of choosing an appropriate
injury definition 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 definition.

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 definition [9, 31]. It seems that the real
magnitude of the problem has been underesti-
mated so far, due to the relatively difficult diag-
nosis of the pathologies located in that region, not
always allowing their clear identification and
classification. Moreover, groin injuries are often
overuse in aetiology and may be underestimated
in researches based on a time-loss injury defini-
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
difficult pathology to be treated, frequently
requiring long treatments and an appropriate
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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 first 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 finding
has to be taken into account as an example of the
possibility of reducing injuries in football.

Overuse and Traumatic
Injuries

1.8

In according with their aetiology, injuries are
classified in overuse and traumatic. For overuse
injuries a specific moment in which the injury
occurred cannot be identified [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 specific 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 difficult 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 difficulties in
implementing such programmes at elite level.
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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 significant gender-related
variation has been described during training ses-
sions [42]. These data have provided the basis for
an extensive scientific 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.

Influence of the Medical
Staff on Injuries

1.12

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
influencing the team performance.
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2.1 Introduction

Football is the most popular sport worldwide [1].
There is growing evidence that playing football is
beneficial for cardiovascular and neuromuscular
fitness 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 benefits 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
officially 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 benefit 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 insufficient physical activity are associated
with a large economic burden and the utilization
of medical, financial, and human resources [7, 8].
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Therefore, successful injury prevention starting
early in life is also relevant from a long-term pub-
lic health perspective.

The first 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 scientific
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  InjurylIncidence

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

n
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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 definition, 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].

O. Faude and R. Rossler

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
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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, figures 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 scientific
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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 beneficial. 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 specific 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].
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Typical symptoms of concussions are head-
ache, nausea, dizziness, concentration and mem-
ory difficulties, 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 beneficial in adults are also effica-
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 efficacy 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-specific 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 specific
needs and characteristics in these age groups need
to be developed and evaluated.
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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 first 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 first 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
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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 scientific 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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Table 3.1 Prospective studies on incidence of injury in adult female football players during a year or season

No. of Age Injuries per 1,000 h

Author/year Country players Skill level (years) Study period | Match Training
Engstrom Sweden 41 Premier, 2nd 16-28 | year prior |24 7
etal. 1991 division 1991
Ostenberg and | Sweden 123 Senior players, | 14-39 1 season 14.3 3.7
Ross 2000 different skill 1996

levels
Gizaet al. USA 202 Women’s 2 years 12.6 1.2
2005 United Soccer 2001/02

Association
Faude et al. Germany 165 First national 22.4+5.0 |1 season 233 2.8
2005 league 2003/04
Fuller et al. USA 64/72 College and 2 seasons 21.8/19.2 2.6/2.8
2007a, b teams university 2005-6

teams
Dick et al. USA 19,871 College teams >=18 1988-2003 | (16.4) (5.23)
2007 (athletes (athletes

exposure) | exposure)

Jacobson and | Sweden 195 Premier league | 23+4.0 1 season 13.9 2.7
Tegner 2007 (12 teams) 04-10/2000
Tegnander Norway 181 Elite (10 teams) | 17-34 2001 23.6 3.1
et al. 2008
Higglund Sweden 228 (12 clubs) Season 16.1 3.8
et al. 2009 2005
Gaulrapp et al. | Germany 254 Premier league | 16-35 1 year 18.5 1.4
2010 (12 teams)
Ekstrand et al. | Sweden First division 23+4 2003-2008 | 14.9 2.9
2011 (5 teams) 15-38 12.5 2.8

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

Year of the No. of Injuries per

Author/year Type of tournament No. of tournaments | tournament (s) matches match (95%CI)
Walden UEFA Women’s 1 2005 15 1.0

et al. 2007 EURO

Hagglund UEFA Women’s U-19 |3 2006-2008 45 0.7

et al. 2009 Championship

Junge and FIFA Women’s World 3 2003-2011 96 1.0 (0.8-1.2)
Dvorak 2013 Cup™

Junge and FIFA Women’s 6 2002-2012 180 1.0 (0.9-1.2)
Dvorak 2013 U-19/U-20 World Cup

Junge and FIFA Women’s U-17 3 2008-2012 96 0.7 (0.5-0.9)
Dvorak 2013 World Cup

Junge and Women’s Olympic 4 2000-2012 88 1.0 (0.8-1.2)
Dvorak 2013 Football Tournament
3.2 Injury Rate for match injuries and between 1.2 and 3.8 (7)

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

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
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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™, 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 influenced 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

23

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 influenced 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 % fulfilled 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 first 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].
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Table 3.4 Total number of injury and percentage of different injury types

Joint/Ligament

Total Fracture injury
Author, year N %o %
Ostenberg and | 52 38 57
Ross 2000
Gizaet al. 173 11.6 19
2005
Faude et al. 241 4.7 29
2005
Fuller et al. 774 5 32.7
2007 (training)
Fuller et al. 946 5.6 41
2007 (match)
Dick et al. 5,836 1.2 18.1
2007 (training)
Dick et al. 5,373 1.1 19.3
2007 (match)
Jacobson and 237 1 25
Tegner 2007
Tegnander 189 53 31
et al. 2008
Higglund et al. | 299 3 23
2009
Gaulrapp et al. | 246 5.8 35
2010
Ekstrand et al. | 222 4.1 38
2011
Walden et al. 31 11.1
2007
Junge and 419 2.12
Dvorak 2013

“Percentages relate to all injuries (n=1,116)

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™) 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 specific recommendations for injury pre-
vention for adult female football players.
Exercise-based prevention programmes proved

Muscle injuries/

strain Concussion Contusion
% % %
29 11.5
30.7 29 16.2
15.2 20.7
41.6 9.5
16.6 23.6
32.7 2.2 1.2
11.8 8.6 13.8
29 4 8

36 3.7) 7.4
28 2 11
10.8 53 15.8
31.5 5 17.6
16.6 5.6 44.5
7.8 3 51.3

to be effective in adolescent female players;
similar studies should be performed also in
adult female players.
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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-
cific 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 profile has been determined, the
risk factors and injury mechanisms have to be
identified [2].

Both intrinsic and extrinsic risk factors have to
be taken into consideration. They can either be
modifiable or non-modifiable.
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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 fit-
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,
confirmed these findings [4, 6]. Inadequate rehabili-
tation has also been identified 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 confirmed by
scientific 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
scientific 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, finding
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 influence 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-
firmed 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-
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sidered a potential contributing factor to the
occurrence of accidents [7].

The “economic value” of the game is today
definitely 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 field, 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 confirmed 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 confirming 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 undefined. 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
midfielders [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 scientific research
are still controversial [31-33], it seems that there
is not an increased risk of injury associated with
playing on last-generation artificial turfs.
However, ankle sprain incidence is increased,
while quadriceps strains decreased on this sur-
face [32, 34, 35]. This may suggest the use of
specific 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 confirmed by some researches on
Australian football [37, 38] and underline the
importance of developing regional epidemiologi-
cal studies in order to define and characterise the
particular injuries for each country.

31

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
influence 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 significant 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 modifications.

In modern football, despite this has never been
explored in scientific 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 modified 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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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 benefits,
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 scientific studies on injury prevention pro-
grammes in amateur football players have been
published. However, the implementation of
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injury prevention programmes in the real world
of sports represents a major challenge [3].

5.2  Why s 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 insufficient 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 benefit 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 significant 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 scientifically
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.
Specifically, 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 figure
could be even higher considering the method-
ological problems with the injury definitions
used in many studies [12].

Another figure 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
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noncontact injuries may be targeted with specific
exercises or programmes.

5.4  Prevention of Injuries:

Scientific Evidence

The first 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, specific 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 scientific 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, flexibility) 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
117, 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 significant
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 specific 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].
Specific 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 findings was pro-
vided by a study by Holmich et al. [30] which
found a trend (not significant) for less groin inju-
ries in amateur players performing a specific
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 significant 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 first paper in
this field 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 findings were demonstrated in a large RCT
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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. Hagglund 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 find
any preventive effect with specific 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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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

Age
Year Authors Design | Nr. subjects | Gender (rfnge) 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 Knikontroll +
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
aNot yet published, 11+°=FIFA 11+; —/+: negative versus positive injury prevention effect of the programme

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



5 Football Injury Prevention

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 flexibility 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 117 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 117 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 117, “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+7) 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 specific preventive
exercises focussing on core and leg strength,
balance and agility, each of three levels of
increasing difficulty to provide variation and
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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 efficient 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 significantly lower injury
risk than others [20]. Recently, a large RCT in
male soccer players found significantly 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 significant 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
114" are similar to or even better than a standard
warm-up routine and that it enhances neuromus-
cular control (core/lower extremity) and knee
flexor 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
117 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 117 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+4” 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].
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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
114”7 ambassadors (see teaser on https://vimeo.
com/45562029 and www.f-marc.com/11plus)
has helped significantly in communicating with
coaches. “FIFA 11+ has also been presented to
the delegates of all MAs at the last two FIFA


https://vimeo.com/45562029
https://vimeo.com/45562029
http://www.f-marc.com/11plus

5 Football Injury Prevention

4

RUNNING
STRAIGHT AHEAD

progressively 2 you warm up. 2 sets

RUNNING
HIP OUT

RUNNING
HIP IN

hip invards.

RUNNING
CIRCLING PARTNER

forwards a5 a plr o the frst so of cones. Shulle sidoways by 90 degroes to
ot e Shulean ntre i around ohs i 1 0

LEVEL 1

THE BENCH

Y sTATIC

Starting positon: Lis on your rnt supporting yoursel o your forearms and
feet. Your oloows should be dtectly under your shoulders.

Sway orarchyour back.3 ses.

RUNNING
SHOULDER CONTACT

to-shoulder contact.

| Yourteam mate a you jump and land. 2 ses.

LEVEL 2
THE BENCH
ALTERNATE LEGS

‘Starting positon: Ls on your rnt, supporting youral o your forearms and
feet. Your oioows should be drectly under your shoulders.

i Liteachlog it holdng o acout of 2. Corne for 4030 s Vo
oy should s n a staghtine. Ty o 0 sway orarch yourback.

RUNNING
QUICK FORWARDS & BACKWARDS

{ak smal, quick sops. 2 sets.

LEVEL 3
THE BENCH
ONE LEG LIFT AND HOLD

‘Starting positon: Lis on your rnt, supporting yourslf on your forearms and
it Your slbows should be directly under your shoulders.

20:30 sec. Your bory shouid b siraght. Do ot et your pposte i dip down
Tapeat 3 sets.

SIDEWAYS BENCH
STATIC

ofyour supporing am should o direcly under your shouider
Exorcise

o

HAMSTRINGS
BEGINNER

Starting p
down .

positon. on your hands
(Complete a minimum of -5 repetons anclor 60 sec. 1 set.

SINGLE-LEG STANCE
HOLD THE BALL

Saringpostion: Sardon e o

_ Exerise: ke

nwards. Hok for 30 soc. Change egs and repeal. The exercise can bo made more

2s0ts.

 Staring

SIDEWAYS BENCH
RAISE & LOWER HIP

520, Take a short break,change sides and repeat 3 sets on each side.

HAMSTRINGS
INTERMEDIATE

down iy,

positon,
(Complete a minimum of 7-10 epefrions andlor 60 s 1 set.

SINGLE-LEG STANCE
THROWING BALL WITH PARTNER

1 your alance, and ithyour somach hed in, throw the ball
oane st Ko o g o 90 Do Ot o 5. FOmOMOr K000 Yot

(Changa logs an repoat. 2 ses.

SIDEWAYS BENCH
WITH LEG LIFT

Starting po for
and he side of your 0ot 50 that your body ' i a straigh e fom shoulder to
P

30 sec. Take @ hort break,change sides and repeat. 3 sets on each side.

HAMSTRINGS
ADVANCED

‘Complete a minmum of 1215 tepetions andio 60 sec 1 set.

SINGLE-LEG STANCE
TEST YOUR PARTNER

apart.

Change logs. 2 sets.

SQUATS
WITH TOE RAISE

_ nsifyoulke.

JUMPING
VERTICAL JUMPS

_ ityoulie.

RUNNING
ACROSS THE PITCH

_ yourfoot.

SQUATS
WALKING LUNGES

s f youlke.
logunyout i andivo i ered 030 dogrcs o o Yoo 100 D

Ty o keep your pper s steady. Lunge your way across e
i o 10 o 03 oo o0

JUMPING
LATERAL JUMPS

o he walst, win knoos and hios Slghty bon.
1

Bond your

Flopeattho exerci for 30 soc. 2 sats.

RUNNING
BOUNDING

back o recover. 2 sets.

Fig.5.2 FIFA 11+ warm-up programme to prevent injuries (Courtesy of F-MARC)

QUATS
ONE-LEG SQUATS
Starting positon: Sand on one g, loosely okding onto your parter
Exercise: Sowly bond your knoe s far a3 you can manage. Concentalean re-

Sighty mare auikly,
10'mes on each g, 2 sets.

JUMPING
BOX JUMPS

Zoss maredon the groundandyou ro anding i the micdec .

‘and Gagonaly across thecross. Jump as quicly and oxplosiely as pnﬂ\h\l Yo
s ardios i e sy, Land sty on el o your

ot your knogs bucid Inwards. Repeal o exercso for 0 s

RUNNING
PLANT & CUT

g 45 steps s

Yo e er 5. o 108 back 3 st




2

M. Bizzini and J. Dvorak

TARIETA NARANJA

Fig. 5.3 Injury prevention exercises on the pitch: information, education and compliance are the keys (Courtesy of

F-MARC)

Medical Conferences (Ziirich 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 li: At

Professional Level

Despite a significant 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 significant 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
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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, Hagglund et al.
found that low injury rates were associated with
improved performances at domestic (higher final
league ranking) and at European Cups levels
(higher UEFA Season Club Coefficient), whereas
more injuries had a negative impact on team per-
formance [5]. These figures 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 five 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
field and the scientific 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).
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5.9 Special Group: Referees

An official football match is only possible if the
officials 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 official 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 specific
injury prevention programmes, whereas con-
tactinjuries can only be prevented by enhanced
fair play and stricter refereeing. Although
there is still a lack of scientific studies in cer-
tain groups (i.e. children, professional play-
ers) and in different areas (i.e. influence 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, fitness
trainers, doctors and physiotherapists) should
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endorse and promote injury prevention, thus
optimising the beneficial health and social
effects of football and reducing the economic
burden.
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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 fit 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
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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 define 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 benefit from an appropriate protective gear
to minimize risk.

Inadequate management of chronic conditions
such as asthma can leave a sportsperson with spe-
cific 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.
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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-specific
legal statutes that govern the rights of sportspeo-
ple to participate, as well as the confidentiality 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

F. Tencone

are governed by their athletic organizations as to
who is considered qualified 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



6 Preseason Evaluation

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
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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 findings suggest that par-
ticipation in sports should be modified or
restricted, it is imperative that the sportsperson
(and the caregiver if appropriate) be fully
informed of findings 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 certification is
unquestionable.

Conclusion

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



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
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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 certified in cardiopulmo-
nary resuscitation (CPR), the use of an automatic
external defibrillation (AED), and first 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 defines 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 flexible enough to adapt to
any emergency situation [3].

7.1.1 Emergency Personnel

The first responder in an emergency situation is
typically a member of the sports medicine staff,
such as a certified athletic trainer. However, the
first responder may also be a coach or another
member of the staff. Certification in cardiopul-
monary resuscitation (CPR), first aid, automated
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external defibrillator (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, certified
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 specific roles are important.

2. Establish scene safety and immediate care of
the athlete: this should be provided by the
most qualified 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 specific 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 conflicts, 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, efficient emer-
gency response. Access to a working telephone
line or other devices, either fixed 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.

P. Simone et al.

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 defibrilla-
tors (AEDs), AED pads, AED batteries, splinting
equipment, bag/valve mask, CPR pocket mask,
stretcher, crutches, cervical collar, etc. A bag
filled 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 first-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 first-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

¢ C(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.



7 Trauma Management in the Field
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 specific 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:
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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:

e A —Alert. The alert patient is/will be awake,
responsive, oriented, and talking to you.
eV —Verbal. This is a patient who appears to

be unresponsive at first, 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.

e 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.

e 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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Table 7.1 DRABC procedure

Danger

Response

Airway

Breathing

Circulation

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

Ask the injured person (“the casualty”) to respond to you. The first purpose of this is to find 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
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 sufficient 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
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 first 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
Blood circulation is essential for life. Blood is pumped around the body by the heart. Many first
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), first aiders, paramedics, and other
qualified 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 benefits from fraining that is included in
short courses in first 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

wrist (radial). If you document the presence of  the nature of their job. They are to some extent
a carotid pulse but the radial pulse is absent, responsible to the athlete and thus must be willing
this may represent a shock situation. A rapid to provide CPR should it be necessary [14]. It is
or weak pulse may also represent a shock situ- recommended that first-aid care provider obtains
ation. Assessment of circulation also includes consent from the victim before rendering first aid.
checking skin signs — color, temperature, and In case of unconscious athlete, consent would be
moisture. Abnormal findings such as pale implied.

cool, moist skin could be indicative of shock.

Recognizing Vital Signs Anyone providing

When CPR is necessary, it must be recorded emergency care has to be able to evaluate the
that coaches, fitness professionals, and even existing physiological signs and symptoms of
athletic administrators have a “duty to act” given injury [10]. Among these vital signs are heart



7 Trauma Management in the Field

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
inflammation and also assesses pain
Active Ask the injured player to move the
movement | injured part without any help
Passive If the player can move the injured part,
movement | 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 identified, 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

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
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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 fluids, or bloody fluids 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 fingers, 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 refill. 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 flow, whereas
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Fig. 7.1 Example of control of external bleeding by use
of direct pressure

arterial bleeding flows 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
fluids.

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 firmly
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.
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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 superficial 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
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the neurovascular status after applying the splint
and periodically while awaiting definitive 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 finger
can be secured to the adjacent finger 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-field 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 field
(Fig. 7.2). Tt 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 inflated 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-Specific Splints

The following splints for commonly seen frac-
tures are intended to protect a suspected fracture
during transport and while awaiting definitive
treatment. They may also be used for short-term
immobilization of serious soft tissue injuries
before bracing and rehabilitation.
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emergency splinting by the P
rapid form vacuum
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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 first
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 fibula. With eversion (lateral
rotation and abduction) injuries, the talus acts as
a wedge between the tibia and fibula, resulting in
injury to the deltoid ligament, syndesmosis, and,
frequently, the proximal fibula (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 fibula, 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 flexion.
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.
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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 fiberglass.

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 finger can be immobilized by
“buddy taping” it to the adjacent finger 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).

Immediate Treatment
Following Acute
Musculoskeletal Injury

7.5

Musculoskeletal injuries are extremely common
in sports. Appropriate first aid must be provided
immediately to control hemorrhage and associ-
ated swelling. Every initial first-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 significantly 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 first-aid training and should be used immedi-
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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 field, 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 five warning signs of inflammation:
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 first 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 inflammation. The
most significant 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 fluid 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.
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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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Fig. 7.3 Transportation of an individual on a spine board.
devoted to players of Italian Serie A

encased in a stabilization collar. Neck stabiliza-
tion must be maintained throughout transporta-
tion, first 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

These images were taken during a course of primary aid

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 flexion 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.
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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.
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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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lan 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
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muscle fibre disruption, leading to bleeding and
pain in varying severity. In certain circumstances,
an area of bleeding may lead to ectopic calcifica-
tion (myositis ossificans).

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).
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Asymptotes in the Force Velocity Curve are boundaries where the
muscle cannot produce any more force, regardless of the velocity.

Fig. 8.3 Force — velocity curve of a muscle

The sarcomere continues to lengthen, and the
fibre 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 field of play.
Substitutes are checked on the touchline by the
4th official as they enter the field. 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
confirm 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 flow 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 sufficient 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 fibres (by inhibit-
ing arterial flow), 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.
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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 inflammatory 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 findings 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, Holmich 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
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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-
firmed this finding 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
inflammation and freezing cold extremities in a
possible vascular compromise are important early
and easy things to assess. They help the clinician
gain the confidence 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 findings, ask a
member of your multidisciplinary team to re-
examine or at least watch whilst you do. Two heads
in a difficult 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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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

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 difficult 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 classification 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 findings
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.
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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
Ist48 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 difficult 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
scientific evidence supporting its use. Animal
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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 inflammation. 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
fluid 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 first 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 findings 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 first 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 final
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-inflammatories are com-
monly used in football, and Tscoll et al. have
identified 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 fibres once healing has taken
place [41], and their use in the first 48 h of a mus-
cle being injured should be avoided.

Muscle contusions should follow the same
early treatment regimen. To avoid heterotopic
calcification excessive movement and massage to
the injured area should be avoided. If calcifica-
tion does occur, Indomethacin is effective in
restricting its genesis.
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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 confirmed. 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 find 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/profiled 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 fitness 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 difficulties, especially with longer-
term injuries. POMS (Profile Of Mood States)
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 findings 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 classification 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
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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 reflect (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 flexi-
bility and achievement of a specific 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
deficit of more than 10 %’. This apparent lack of
full recovery is backed up by the findings of
Reurink et al. [49], whose group demonstrated
that almost 9 out of ten clinically recovered ham-
strings showed increased fluid signal intensity
on MRL

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 stratified 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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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 (five sports
seasons) and found that the muscle group most
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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 field turf among many others [5,
10]. In addition, reinjury rates are high [11, 12].
Higglund 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 findings 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
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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 classified 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 classified 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 flex
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
confirming 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 flexion and the
flexor muscles during extension. DeProft et al.
reported that activation of the quadriceps and
hamstring muscles is greatest when they oppose
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limb movement: the quadriceps during the load-
ing phase and the hamstring muscles during the
forward swing phase [31]. Further confirmation
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 confirming 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 flexion 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 findings obtained within the first
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 first
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, first 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 flexed 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 flexibility 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
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MRI is essential for accurately defining 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 fibers
adjacent to it are clinically more severe because
of greater pain elicited on palpation and less flex-
ibility, they tend to heal faster than injuries
involving only the proximal tendon.

9.5 RiskFactors

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 flexibility, 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. Higglund 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 identified 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 fibrous 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. Hdgglund et al. [13], in their
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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 flexibility 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 flexibility and potentially mimicking
muscle injury [51]. However, there is no ana-
tomic damage of the muscle fibers in this clinical
situation. Recent clinical classifications 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 flexibility as a
cause of hamstring strain is controversial.
Orchard et al. [54] found no correlation between
a deficit in hamstring flexibility 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-
nificantly lower flexibility 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. Specific tests were
applied to evaluate the flexibility of the quadri-
ceps, hamstring, adductor, and gastrocnemius
muscles. Quadriceps flexibility was measured by
means of goniometry with the subject lying prone
on the examination table, the contralateral leg
resting on the floor, and the maximum passive
knee flexion measured with the hip flexed at 90°.
The hamstring test was performed with the sub-
ject supine, with passive hip flexion, and with
extension of the knee to the point at which it indi-
cated the limit of hamstring flexibility. As defined
by the study protocol, flexibility less than 90°
was significantly correlated with a risk of injury.
Adductor flexibility 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 flexibility. Gastrocnemius flexibility
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
floor in the sagittal axis; dorsal tibiotarsal flexion
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 flexibility 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 flexibility, another factor
predisposing to muscle injury is inadequate
warm-up. Hamstring strains are known to occur
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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 flexibility 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 significantly 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 flexion. 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 fibers. 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 fibers, with
a subsequent shift to a shorter length at which
peak torque is produced [62].

Eccentric hamstring training is justified 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 identified during maximum
eccentric activation for decelerating forward
swing during the late swing phase so that leg
excursion does not exceed knee flexion 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 significantly associated with a decrease in
peak torque in Australian football players and
with an altered flexor-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
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[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
flexors, 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 flexors, led to a reduction in the
incidence of hamstring strains. Schache et al.
[71] reported a 10 % deficit 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 deficit and ham-
string strain, Nordic hamstring exercises for
eccentric hamstring strengthening have been sci-
entifically 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 deficit 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 deficit 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 flexibility
decreases, reducing the angle of hip flexion 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 flexibility, flexion
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 nonmodifiable
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
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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
Mjglsnes 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 significantly
reduce the incidence of first-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-
nificantly 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 defined 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 0-6h

Stage 2. Inflammatory reaction 6-24h

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
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9.8 AcutePhase

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, myofibril 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-inflammatory 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 inflammation 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 inflam-
matory phase, and delay tissue repair.
Transcutaneous electrical nerve stimulation,
because of the beneficial neuroreflexive response
it elicits, can be safely and effectively applied to
counteract pain symptoms [83]. Ambulation with
weight bearing and two Canadian crutches is
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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 benefits with hydro-
therapy derive fromits 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), fibroblastic 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 specific pro-
tocols depending on sonographic findings.
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 fibers 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 significant
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-
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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 fiber regen-
eration, muscle weakness is about 50 % that prior
to injury. This deficit is thought to be due more to
the inflammatory 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. [§7-89] 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
flexibility. 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 reflexive
stabilization exercises and sport-specific 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 fiber
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 defining 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 flex-
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 myofibrillogenesis 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 fifth 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
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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 deficit 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 flexed. The
exercise is then carried out on the isokinetic
dynamometer, making sure that hip is kept flexed
[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 find 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 flexibility, 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 myofibril synthesis in the injured mus-
cle and diminish muscle tone, in combination
with Traumeel S, a homeopathic product that
modulates inflammatory response and the release
of anti-inflammatory cytokines. The drugs are
injected at the site of the injury, along the involved
muscle and in the lumbar region (epidural and
paravertebral). The first injection is given the day
of the injury and then at 2 and 4 days postinjury.

As mentioned, scientific evidence demonstrat-
ing the efficacy of this treatment is patchy. Lee
et al. [96] reported a significant 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 flawed 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 inflammatory pro-
cess can reduce tissue damage and enhance func-
tional recovery [99]. Beyond the question
whether the therapy can be considered best
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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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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.
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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 classified 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 wvalgus, 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 first 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
confirms the importance of overuse in the onset
of such a type of tendinopathy. Conversely less
significant was the type of training (if carried out
with weights, therabands, or jumps) [6].

Training fields have been widely studied with
the result that the harder the field the higher the
incidence. Regarding soccer games, however,
there do not seem to be significant differences
between players who usually train on natural
fields and those who train on artificial fields [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 Classification

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),
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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
classifications are based on the intensity of the
pain with jumper’s knee which, compared to the
first classification proposed by Blazina, focus
more attention on evaluating the effect of the pain
on sports performance.

Jumper’s Knee Classification According
to Symptoms (Ferretti and Coworkers [9])

STADIUM O - No pain

STADIUM I - Rare pain with no sports restriction

STADIUM 1II - Moderate pain during sports
activity with no restriction on sports perfor-
mance (normal performance)

STADIUM 1III - Pain with slight qualitative and
quantitative restriction on performance (reduced
number of training sessions or minor intensity)

STADIUM 1V - Pain with severe restriction of
sports performance

STADIUM V - Pain during daily activity; sports
activity impossible

As we can see, the classification 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
calcifications (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 fibrillar
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 definition
of the tendon morphology which often shows a
tendon modification at the insertional site.
However, MRI rarely ever changes therapeutic
protocol.

10.5 Anatomo-pathology

With regard to anatomo-pathologic classification
of overuse tendinopathy as proposed by Perugia
etal. [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 fibrillar 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
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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 justified 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 scientific studies
supporting their use, is perhaps dependent more
on their analgesic effect than their anti-phlogistic
effect.

What is certainly efficient is the use of local
infiltration 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 specific
and well-selected cases and especially during
some period of the athletic season and of the
career of an athlete, corticosteroid infiltration
may be a valid therapeutic option for the sports
physician, in particular in those cases in which
radiological exams do not show a significant
degenerative process. Beneficial 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 infiltration [15].
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Other infiltrative 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 infiltration of autologous PRP. It consists of
the use of growth factors present within platelets,
potentially able to facilitate the cellular differentia-
tion toward a fibroblastic 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 scientific 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
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the fact that their use has been documented to
reduce insertional stresses, their real efficacy 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 fiber 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 scarifications [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 specific
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 difficulties, a longer learning
curve, and most of all, with no advantage in terms
of final 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 final 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
final 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 first two with no
weight-bearing, followed by a physical rehabilita-
tion aimed at recovering range of motion first 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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11.1  Introduction

The return of an athlete to sporting activity after
amuscular 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
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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 difficult 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 first muscu-
lar lesion, others will be added: an increase in
muscle rigidity, a decrease in the muscles’ lev-
els of force, formation of fibroses, 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-
ficult 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-
entific rationale for their use. Obviously, such
guidelines differ depending on the function of
the muscle group under consideration. Specific
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.

Indirect Lesion
of the Hamstring

11.2

The biceps femoris (BF) is a flexor of the knee
and an extensor of the hip, and, like all the other
flexors of the leg, prevents, if the leg is extended,
the force of elevation of the inferior limb or
flexing forward of the upper body. Indeed, the
flexor 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 flexor 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].

G.N. Bisciotti

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,! the recurrence rate may
reach 30 % [8—10]. One-third of these recur-
rences occurs during the first 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

! 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 flying substitutions) on cricket fields or
other fields of an oval form. These fields vary in dimen-
sion; they may be as long as 185 m, and as wide as 155 m.
They thus represent the largest game fields 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 fist. 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 field 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 field
that is based on a series of variations that provide
interpretable signs, with positive signs represent-
ing a “green light” regarding return to the field
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 specific functionality. Many,
if not all, of the parameters we use in the func-
tional evaluation of the hamstring represent
points of specific 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 specific 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 field 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-flash contractions
intensity by reduced ROM.

of maximal

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

Passive and active lengthening tests are also
carried out on the damaged flexor 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 field is conditional on a first-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 specific 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 specific
information on the dynamic behavior of the
muscle, must be interpreted as a part of the whole
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Table 11.1 The clinical exam is composed of four strength tests and two lengthening tests, which have either red or

green lights

Clinical examination

Maximum isometric
contractions performed
at different joint angles

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

Active stretch test

Red light

Pain symptoms >1 on
VAS scale

Pain symptoms >1 on
VAS scale

Pain symptoms >1 on
VAS scale

Pain symptoms =1 on
VAS scale

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

Green light

Absence of pain
symptoms

Absence of pain
symptoms

Absence of pain
symptoms

Absence of 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

Notes

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

Table 11.2 A dynamic scan allows evaluation of the
sliding of muscular fibers, which is classified into four
levels of reference. Levels 1 and 2 allow return to the field,
levels 3 and 4 impose a delay in return to the field

Level Definition

1

2
3

4

[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. Noreturn to running activity until the strength
of the flexors has reached a value of at least
70 % of the baseline, or a value of flexor/
extensor ratio equal to at least 0.55 [19].

ii. No return to specific sporting activity before
the value of strength of the injured flexors
(both in eccentric and concentric ways) has
returned to 90-95 % of the value of the flex-
ors of the contralateral limb [2, 23].
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Table 11.3 Summarizing diagram of the imaging examination and the relative red and green lights

Imaging examination

us

MRI

Dynamics US

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.

Specifically, the “reference data” we use are

Relationship hamstring in eccentric modality/
Quadriceps in concentric modality — 60°/s
(dominant limb?) : 0.84+0.19 N.m™".kg".

Relationship hamstring in eccentric modality/
Quadriceps in concentric modality — 60°/s
(nondominant limb) : 0.78 +0.14 N.m ' kg..

Hamstring concentric peak torque/kg — 60°/s
(dominant limb) : 1.78+0.14 N.m~'.kg..

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

Notes

Parameter used to
access to the
dynamometry tests

Parameter used to
access to the
dynamometry tests

Parameter used to
access to the
dynamometry tests

Hamstring concentric peak torque/kg — 60°/s
(nondominant limb) : 1.66+0.3 N.m'.kg!.

Difference %: 5.12+0.25 %

Hamstring concentric peak torque/kg — 300°/s
(dominant limb) : 1.32+0.26 N.m™'.kg..

Hamstring concentric peak torque/kg — 300°/s
(nondominant limb) : 1.29+0.24 N.m~'kg™".

Difference %: 2.27+0.25 %

Hamstring eccentric peak torque/kg — 60°/s
(dominant limb) 2.59+0.45 N.m'.kg™".

Hamstring eccentric peak torque/kg — 60°/s (non-
dominant limb) 2.52+0.40 N.m™'.kg..

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 field are carried out only after the
first three evaluation steps (i.e., the clinical eval-
uation, imaging, and the torque evaluation) have
registered all results in the “green light” area.
The field 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 field tests assured by maximum positivity of
registered results during the previous tests.
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Table 11.4 Summarizing diagram of the reference data concerning the isokinetic testing protocol and consequent red

and green lights

Test

Concentric isokinetic
test

Concentric isokinetic
test

Eccentric isokinetic
test

Concentric force peak

Eccentric force peak

Hamstring concentric
peak torque/kg -
60°/sec

Hamstring concentric
peak torque/kg -
300°/sec

Hamstring eccentric
peak torque/kg -
60°/sec

The tests carried out on the field 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 field
tests are summarized in Table 11.6.

Green light

Notes

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

Parameter used only
for the resumption of
run

Value 2 90% of the
contralateral hamstring
value

Parameter used to
access to the field tests

Value 2 90% of the
contralateral hamstring
value

Parameter used to
access to the field tests

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

Parameter used to
access to the field tests

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

Parameter used to
access to the field tests

Difference < 15% in
comparison to the
contralateral limb

Parameter used to
access to the field tests

Difference < 15% in
comparison to the
contralateral limb

Parameter used to
access to the field tests

Difference < 15% in
comparison to the
contralateral limb

Parameter used to
access to the field tests

11.8 General Parameters

In evaluating whether an athlete (specifically a
football player) is able to return to the field, 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 flexors,
significantly reduces the risk of recurrence
[29].
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--———— S5 meters ———————— = Table 11.5 Reference values concerning the Illinois
L L Agility Test
— l_) -y Rating Lap result (sec)

)\
A L Ly

 Start Finish

10 meters

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 final result of the test

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™! recorded during the sprinting braking test; other-
wise, a value of “medium” represents a “red light”

Test

Notes

Parameter used to
return to sports

Sprinting braking test

(reintegration with
the team)

Parameter used to
return to sports

lllinois agility test

(reintegration with
the team)
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Table 11.7 Different factors that may suggest either a conservative program or a swift return to sporting activity
(Modified from Orchard et al. [31])

Factors which indicate a following of
conservative treatment

Persistent shortfall of strength

Persistent shortfall of flexibility

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

Extended area of abnormality in imaging

Practising of one of the disciplines particularly
at risk below:

-Speed discipline in the area of athletics
- Football

-Australian football

- Rugby

Advanced chronological age

Getting an injury at the beginning of the
sporting season

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

ii.

iii.

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 specific prevention
program, reduced the percentage of ham-
string injury recurrence from 37 % to 22 % in
the period between 1997 and 2004 [10].
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.

Factors which give evidence of a rapid return
to sporting activity

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

The flexibility is superimposable to that of the
contralateral limb

Being able to totally finish a traing session

Negative imaging (USorRM)

Playing a low risk sport of muscular lesion

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

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

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 satisfied all the various
steps in the evaluation process. It is difficult,
given the multifactorial etiology of muscles inju-
ries and, consequently, of the recurrences, to
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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
arisk 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, max) and is the best indi-
cator of aerobic fitness. A program specifically
addressed to the restituito ad integrum of a mus-
cular lesion should include a specific plan for the
recuperation of aerobic fitness 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 field represents
the final 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 reflect on the fol-
lowing statement by Orchard [31]: “It is pref-
erable to have a medium return time to the
field 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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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.
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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 20062007 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 outfield positions where most injuries
are to the lower extremity. In practice, goalkeep-
ers are more likely to be injured during
goalkeeper-specific 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-
specific 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 significant 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 significant 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 five times higher incidence com-
pared to outfield players.

12.2 Injury Mechanism

Goalkeepers are more likely to be injured at
shoulder joint because of goalkeeper-specific 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

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 flexion. In this case, this ath-
lete sustained a traumatic anterior subluxation associated
with massive cuff tear (supra and infraspinatus)

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 classified 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
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impingement associated to rotator cuff insuffi-
ciency can lead to inflammation, and the painful
shoulder long-standing irritation and inflamma-
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, deflecting balls and often
landing on the arms and shoulders which results
in injury to the muscles, tendons and ligaments of
the shoulder. However, a significant 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 field players,
whether field 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.

m

12.3 Clinical and Diagnostic
Examination

The clinical examination in an athlete with an
acute or chronic sports-related shoulder injury is
used to confirm 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
flexed 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 findings 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

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

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
significant injuries with lesser pathology on MRI
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Fig. 12.3 Left shoulder as viewed from a classic poste-
rior portal. The probe shows the anterior Bankart lesion

(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 significance 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 flexion. 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 identified, we start
the glenoid labral preparation (Fig. 12.3). With
an elevator, the labrum is freed from the glenoid
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Fig.12.4 Once the lesion is identified, a shaver is used to
abrade the glenoid neck and also the capsulolabral tissue
avoiding to use suction

neck until the fibres of subscapularis muscle can
be observed under the labrum. Sometimes it
could be difficult to understand when the labrum
is sufficiently mobilised. A useful test is to insert
the shaver into the joint, open the window and
turn the section on. If the labrum floats 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 configuration 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 first 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.
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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

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

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 monofila-
ment suture as shuttle. This goalkeeper had also an antero-
superior labral tear that was fixed with a suture anchor
technique

needle loaded with a No. 1 monofilament
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 configurations
according to surgeon’s preference but taking care
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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

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
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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 first
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 identified 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 configuration.

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 inflammation 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 first week
after surgery.

12.5.1 Rotator Cuff Repair

In case of rotator cuff repair, a supine exercise in
passive forward flexion 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-
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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 specifically
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-specific 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 flexion 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 flex-
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 specifically 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 specific protection
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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-specific exercises
to include more functional sport-specific 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 flexion up to 130°
on supine position with the arm adducted. For the
first 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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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.
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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 outfield 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, outfield 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 first 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 significant 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
finally 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
Classification

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 classifications exist, the most commonly used
is the Rockwood classification, which distin-
guishes among six classes of injury, based on the
extent and direction of clavicular displacement:

— TypeI: 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
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— 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 classification [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 finding 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 infiltration 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-
bleinstability, 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 flexed to 90°, and elbow
flexed to 90°, an additional adduction force is
applied) and the Paxinos test (double pressure,
thumb on acromion posteriorly, and index fin-
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 flex 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 % specificity [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
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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 flexion 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 finger 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 fluctuation.

Grade V: intense pain and displacement, greater

than in the previous grades. Tear of the delto-
trapezial fascia accounts for the vertical fluc-
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 flattened pro-
file (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-
firm 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
quantified by (a) measuring the percentage of

Fig. 13.1 Grade III acromioclavicular dislocation

Fig. 13.2 Reduction using a suspension system and bio-
logical boost
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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 ossification 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 first-line examination, CT can be

useful in the event of hidden fractures or multiple
traumas.
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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 specific 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 findings 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
findings.

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
classification, which recommends surgery for
high-grade dislocations.

123

Gradel-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 ossification 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 influencing 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 sufficient 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 Il dislocations
require different approaches depending on whether
the player is a goalkeeper or an outfield 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 outfield player allows for
a wider choice of management strategies:

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

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.

(b)

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 difficult 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.
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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, first 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 fixed 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).
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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 first 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 fixation device. We believe the pul-
ley system to be sufficient 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 difficult 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 first 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 outfield 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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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
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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, superficial 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 superficial 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 first I cm
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Fig.14.1 MCL

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 superficial MCL)
then courses distally to attach the medial
meniscus and finally 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 superficial 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 superficial
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
superficial 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
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Fig. 14.2 Flexion/valgus/external rotation of the knee

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: flexion/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 superficial MCL, but interstitial
failure was more common in the posterior oblique
ligament and deep MCL [9].
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Table 14.1 MCL injury classification, based on: [14]

Involves a few fibers;
tenderness; no instability

Severity/grade 1

Severity/grade 2 Disruption of more fibers;

broad tenderness; no
instability

Severity/grade 3 Complete disruption of the

ligament; with instability

14.3 Clinical and Diagnostic
Examination

The classification of MCL injuries could cause
confusion, but since Hughston in 1994 opti-
mizes the classification 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 difficult [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 (flexion/
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].
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3-5 mm of absolute
medial separation

Laxity/grade 1+

Laxity/grade 2+ 6—10 mm of absolute
medial separation
Laxity/grade 3+ >10 mm of absolute

medial separation

Valgus stress tests should be performed in 0°
and 30° of flexion and compared to the other knee.
Any laxity at 0° of flexion 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 superficial 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 confirmed 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
fulfilled, 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 confirm 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
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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 identified. A
longitudinal incision is taken on the fascia. The
superficial MCL can be identified beneath the
gracilis and semitendinosus tendons. The deep
MCL is examined. Any tear in the deep MCL must
be identified and the medial meniscus should be
examined simultaneously for injuries. Repair the
deeper structures first. 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 finish the repair. The
superficial MCL end should be repaired when
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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 superficial medial collateral liga-
ment with similar results to anatomic reconstruc-
tion [28], and according to some authors, if the
superficial 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 identified 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 superficial MCL reconstruction
graft is inserted distally 6 cm to the tibial joint line
after being fixed on the femur (at the anatomic
attachment site); this graft is tightened at 20° of
knee flexion 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, arthrofibrosis, 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° flexion,
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)
(flexion 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 flexion
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-
ification, and supervision.
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Exercise program: introduce dynamic strengthen-
ing exercises (knee flexion, 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-specific 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-specific training and
competition.

Physiotherapy treatment: cold therapy after train-
ing sessions and manual therapy.

Exercise program: high-level sports-specific
strengthening as required.

Activity: with hinged knee brace, return to sports-
specific 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° flexion, 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
flexion 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 fitness 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 modifica-
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-
specific drills, and restricted training, and
match play.

Physiotherapy treatment: cold therapy after train-
ing sessions, manual therapy.
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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 confident enough,
plyometric drills, hopping, box jumps, and
agility drills can begin [32-39].

Phase 4 (8-10/12 Weeks)

Aims: return to full sports-specific training and
competition.

Physiotherapy treatment: cold therapy after train-
ing sessions, manual therapy.

Exercise program: high-level sports-specific
strengthening as required.

Activity: with hinged knee brace for the first 2—4
weeks, return to sports-specific 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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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
defined in the literature, most of the authors
include in its description the lateral collateral
ligament, the popliteal tendon (PT), the popliteo-
fibular ligament (PFL) and the posterolateral cap-
sule that is reinforced by the arcuate ligament
(AL) and the fabellofibular 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 (4340 %) [2,
3]. Isolated lesions of the LCL are even more rare.
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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, unidentified
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 popliteofibular 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 fibular head 8 mm
posterior to the anterior cortex and 28 mm distal to
the tip of the fibular styloid process [9, 10]. The lat-
eral collateral ligament is mainly responsible for the
stabilization to varus opening of the knee, especially
during the first 30° of knee flexion [11].
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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)

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-
liteofibular 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 popliteofibular 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 fibula, respectively.
Expansions also attach to the lateral tibia and the
proximal tibiofibular joint capsule. The popliteo-
fibular 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 conflates 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
flexion axis of the knee, acting against varus
opening of the knee. This function vanishes as
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the knee is flexed and the iliotibial band moves
posteriorly.

The biceps tendon inserts distally on the sty-
loid process of the fibula, 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. Specifically,
the isolated sectioning of the PLC produces an
increased varus laxity and tibial external rotation.
At 90° of knee flexion, 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 findings justify the
rationale for performing the dial test at 30° and
90° of flexion 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 flexion.
Further sectioning of the popliteus tendon and
the popliteofibular 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 flex-
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
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LCL still contributes to external rotatory stability
of the tibia in knee flexion [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 popliteofibular ligament, that is
the primary restraint to tibial external rotation at
all flexion 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 flexion
angles and a primary role of the popliteus com-
plex at higher knee flexion degrees [3, 18].

Finally, the lateral structures offer resistance
to posterior translation of the tibia in knee exten-
sion. During progressive knee flexion, 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 flexed 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
first. 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 figure-of-four
position.

The evaluation of range of motion may reveal
an asymmetric hyperextension in the affected knee.

Specific 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 flexion. 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 flexion. 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 figure-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 flexion.

A minimum difference of 10° in external rota-
tion at 30° of knee flexion suggests a significant
PLC injury. A decrease of the external rotation at
90° of knee flexion (compared with 30° of flex-
ion) indicates an isolated lesion of the PLC, while
an increase of external rotation implies a com-
bined PLC/PCL injury [3, 22].
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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 significant 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 flexion.
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 flexion and the foot exter-
nally rotated by 15°. As a posterior load is applied
to the proximal tibia, a significant increase in
posterior translation and external rotation sug-
gests a deficient PLC. A positive test frequently
indicates a popliteal tendon or popliteofibular
ligament injury [23, 24].

The reverse pivot-shift test starts with the knee
at 90° of flexion 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 flexion as the iliotibial band force
vector changes from a flexor 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 findings including the
arcuate sign or fibular 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 confirm 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 flexed 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 finding
representing an avulsion of the “arcuate com-
plex” insertion on the fibular styloid from the
proximal head of fibula. The arcuate complex is
composed by the popliteofibular, fabellofibular
and arcuate ligaments and inserts on the fibular
styloid of the fibular 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
fibular 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, fabellofibular ligament and pop-
liteofibular ligament, is difficult, 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-definition MRI significantly improved the
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visualization of the ACL, PCL, LCL, biceps fem-
oris, iliotibial band, posterolateral capsule, pop-
liteofibular 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 difficult
to identify anatomic structures and confuses the
planes of the posterolateral aspect of the knee.
Within the first days after injury, the
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musculotendinous structures tend to proximal
retraction and may preclude an anatomic repair.
The fibrous tissue can conceal the peroneal nerve,
withhigherrisks 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 arthrofibrosis, 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 fibular 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
fibular 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 fibres.
The common peroneal nerve must be identified
along the posterior aspect of the biceps femoris
and the fibular head and gently retracted.

By mobilization of the iliotibial band, pop-
liteofibular ligament, popliteus tendon and mus-
cle, biceps femoris and lateral collateral ligament
can be identified [36, 37].

15.6.2.2 Primary Repair

When torn tissues are sufficient, each component
of the posterolateral corner should be anatomi-
cally repaired. The repair should be performed at
60°-70° of knee flexion in neutral or slight inter-
nal rotation [38].

The popliteus tendon is the first 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
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generally sutured or fixed by cancellous screws to
the posterolateral aspect of the tibia, converting
the tendon into a static stabilizer of the knee and
imitating the popliteofibular ligament function.

In case of avulsion from the femur, the poplit-
eus tendon can be fixed 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 popliteofibular ligament as stabilizer
in external rotation and posterior translation of
tibia. In case of a popliteofibular ligament tear,
the tenodesis of the popliteus tendon (if intact) to
the posterior aspect of the fibula 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 fibular head
can be repaired either by transosseous drill holes
or screw fixation [38].

Midsubstance tears of PCL components are
more difficult to repair than avulsion or proximal
and distal lesions. When tissue is sufficient, they
can be treated by end-to-end suture with the knee
positioned in 60°-70° of flexion.

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 popliteofibular 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 insufficient LCL by performing a
tenodesis on the lateral femoral condyle.
Moreover, the biceps tendon tenodesis eliminates
the external rotation and flexion 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 fibular-based figure-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 fibular 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 identified, and a K wire is positioned in
the isometric point. The graft is then passed
through the tunnel on the fibular head and fixed
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
popliteofibular ligament. The graft should be
fixed with the knee at 30° of flexion in slight val-
gus and internal rotation [5, 40].

Several authors have modified this technique
to better reproduce the posterolateral corner anat-
omy. Arciero proposed a modified technique
adjusting the positions of the graft on the femur
and the fibular head to match the anatomic inser-
tions of LCL and PFL. The fibular tunnel is
directed slantwise from the anterolateral to the
posteromedial aspect of fibular 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 fibular
tunnel to improve the stability of the construct
[40, 41]. Several authors have described other
construct configurations 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 fixed 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 modification 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 deficient 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 definitive 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
deficient knees. However, the authors observed
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Fig.15.2 Modified figure-of-eight reconstruction of the posterolateral corner (Reprinted from Schechinger et al. [44]

with permission from Elsevier)

an increased stress on the superficial 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 first 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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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
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etiology of ACL injuries includes a variety of
intrinsic and extrinsic factors. The intrinsic fac-
tors, race and gender specific, are not modifiable
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
first 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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significantly 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 significantly more in the
second than in the first half. Playing position
seems to be not a discriminatory factor influenc-
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 midfielders 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 significant
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 significant 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
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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 confirm 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 field with
artificial 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 fields are available
throughout the year independent of the weather
conditions. Beyond the seasonal advantages,
there are financial benefits, such as reduced
maintenance costs and the development of
mixed-use sports facilities in which different
events (training or competition, young or seniof,
male or female) can take place. However, soccer
players frequently voice their criticisms toward
artificial turf for difficulty with ball control and
perceive higher physical effort when playing on
artificial turf compared to natural grass [15].
Additionally, there is a general perception that
the risk of injury is higher on artificial turf than
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on natural grass, a feeling that has not been fully
confirmed 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 artificial 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 artificial 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 first 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 fixed 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 difficult to suggest reasons for this decrease
over recent years in the rate of contact injuries
leading to an ACL rupture. Modifications 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 finding suggests that
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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, Griffin 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 flexion 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 efficacy 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
definitively 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
confirm 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 firm 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° flexed and
the examiner’s hands grasp the tibia, and the
fingers 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.
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16.3.2 Pivot Shift

Pivot shift is a specific 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 specificity 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 refixed 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
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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 arthrofibrosis, 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 first autograft choice in top-
level athletes both in male and female. The main
reason of this choice is the achievement of bio-
logical fixation, 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
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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 fixation 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 confirms 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 flexion so that the tendon fibers 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 flexed 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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Fig. 16.1 Oblique cut of patellar bone block in order to
reduce risk of patellar fracture after ACL reconstruction

posterior margin of the lateral femoral condyle)
[46]. Sometime it is difficult to reach the anatom-
ical point with the femoral transtibial guide. In
this case, after the first 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 flipped over the lateral femo-
ral cortex. The knee is repeatedly extended and
flexed to allow stress relaxation of the graft. With
the knee flexed at 20°, the graft is tensioned at
80 N and fixed 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].
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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 fixation 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 specific 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 first postoperative period. As
demonstrated by Zech et al. [50], it is during the
first postoperative month that voluntary activation
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and quadriceps weakness show significant defi-
cit. For this reason, we believe that an aggressive
rehabilitation is important mainly during the Ist
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 conflicts 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 first 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 justified 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
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incidence of patellofemoral complications [54].
On contrary, clinical evidence have shown that
the addition of OKC quadriceps training after
ACL reconstruction results in a significantly bet-
ter improvement in quadriceps torque without
reducing knee joint stability at 6 months and also
leads to a significantly 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-specific training is allowed. Some sports-
specific running and agility drills include side
shuffling, 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
difficulty that include sports-specific testing
before returning to field 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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Table 16.1 Progression of evaluations performed during
the different phases of postoperative rehabilitation

15 |30 |45 |60 |90

days | days |days |days |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 + +

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: first 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
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recommend an MRI evaluation of the graft at 3
months postoperatively. The specific 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 flexion 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-field
tests, we prescribe the MAT (modified 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.
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Fig. 16.2 Star excursion
balance test form to assess
dynamic postural control
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Corrado Bait, Matteo Denti, A. Orgiani,
G. Carimati, and Piero Volpi

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.fifa.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.
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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 fields 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 significant 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

157

P. Volpi (ed.), Football Traumatology: New Trends, DOI 10.1007/978-3-319-18245-2_17


http://www.fifa.com/
http://www.fifa.com/
mailto:corrado.bait@humanitas.it
mailto:matteo@denti.ch.it
mailto:piero.volpi@humanitas.it

158

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,flat 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-
nificantly increase the risk for ACL injury in
female soccer players. Patients with ACL injury
have significantly more knee recurvatum at 10°
and 90° of hip flexion and an increased ability to
touch palms to floor. 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
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(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 fixed 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 % confidence
interval CI) and a pooled specificity of 94 %
(95 % CI 92-95). The pivot shift test is very spe-
cific, 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 deficiency 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-deficient 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
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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 satisfied
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 significant
growth plate arrest when anatomy and choice of
fixation 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 specific 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-
specific 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 modification, 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 modified 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 first few weeks after surgery. Progressive
rehabilitation during the first 3 months after sur-
gery includes range-of-motion exercises, patellar
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mobilization, proprioceptive exercises, endur-
ance training, and closed-chain strengthening
exercises. Straight-line jogging, plyometric exer-
cises, and sport-specific 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

e 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 inflam-
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 (TO). In addition, an MRI of the knee was
performed (to confirm 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
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sport-specific 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 finding of the present study
was a good safety profile 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 significant 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 fixation, 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-
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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 significant 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 modifiable
sport-specific 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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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 significant 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
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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 figure is approximately 47 per
100,000 equating to 2,500 ACL injuries. As these
figures 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 identified 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 difficult. 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 fixation
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 figure 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
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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 fixation, and
improper graft tension. There is little in the litera-
ture documenting causation of graft failure spe-
cifically 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 difficulty
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 flexion resulting in reduced knee
flexion, excessive tension on the graft fixation
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 flexion, 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 flexion.
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 flexion 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 flexion, 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 first,
followed by gradual graft attrition and finally
failure [18, 19].

Failure of Fixation

Failure of fixation occurs during the early postop-
erative period prior to biological graft incorpora-
tion when there is lower load to failure of the
graft fixation sites compared to the graft itself
[20]. Graft fixation must be strong enough to
keep the graft fixed while biological integration
occurs. Fixation with interference screws is
thought to be stronger than suture fixation around
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a post or soft tissue washer and screw fixation
[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 fixation [23]. Interference screw
fixation 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 fixation 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 fixing the graft with
the knee at approximately 30° flexion 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 identified 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 deficiency [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 identified [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 deficiency 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
significance 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.
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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-deficient 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 final 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 fixation and its position as
well as tunnel osteolysis. Long-limb alignment
films 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 confirm collateral ligament injury in
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Fig. 18.1 Plain lateral radiograph demonstrating a mal-
positioned anterior femoral tunnel

Fig. 18.2 (a) Plain
anteroposterior radiograph
and (b) stress view
demonstrating lateral ligament
insufficiency in the setting of
chronic ACL deficiency
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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 beneficial 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
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Fig. 18.3 (a—d) Three-dimensional CT reconstruction demonstrating malpositioned anterior femoral tunnel placement

diagnosis of ACL graft rupture is made prior to
obtaining an MRIL. 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 influences
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
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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.

Specific technical considerations during revi-
sion ACL reconstruction include graft choice,
management of osseous tunnels and graft fixation,
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 fixation [43] and the frequent
use of autograft hamstring tendon as a graft in
primary ACL reconstruction [44]. Ipsilateral
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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 fixation 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
fill 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 fixation used during the primary
ACL reconstruction, it may be necessary to
remove the fixation 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 fixation may be very difficult.
The surgeon must appreciate this preoperatively
and be prepared with the correct screwdriver and
materials for difficult 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-fit 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
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and fixed 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 difficult 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 fixation.
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-fit fixation 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 defines the
upper limit of tunnel size that will permit a
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Fig. 18.4 (a, b and c¢) Schematic diagram of “outside-in” technique for ACL reconstruction

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 significant knee stiffness preventing
single-stage revision ACL reconstruction, this
needs to be dealt with a priori, possibly necessi-
tating a two-stage procedure.
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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 significant rotational control to the knee
in preventing internal tibial rotation and modest
anterior translation. The combination of com-
plete ACL rupture and ALL deficiency often
leads to significant 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 insufficient. 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.
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Fig.18.5 Schematic diagram of lateral tenodesis in asso-
ciation with BTB 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-fit
BTB graft and a linked two-strand gracilis auto-
graft (Fig. 18.5). This “outside-in” technique
avoids fixation problems in the femur with inter-
fering previous femoral tunnels, and linking the
gracilis tendon avoids the need for individual
fixation 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
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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 specifically
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 S-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].
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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 first 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 figure can be as high at 72 % in high
school and university/college students [62].
Reinjury rates within the first 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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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 classified 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.
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19.2 Anatomy

The PCL is a large ligament ext