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Foreword

Not so long ago, the medical world was not interested in the world of sport,
although there were some exceptions, like the well-known Galenus, who was
also, besides his other duties, the doctor of the Roman gladiators.

Sport medicine, related to football, was limited to one single question:
“Can he play next Sunday?”

Indeed, the relation between medicine and sport only concerned the treat-
ment of lesions.

Times changed: progressively, sports medicine received more attention,
essentially due to the worldwide development of sport itself, becoming one of
the most important social surroundings for young people.

This resulted in general principles, valuable for the global world of sport.

There was, however, no differentiation: the medical approach concerned,
without specification, all sports disciplines.

Later, times changed again: the specificity of each sport discipline resulted
in sports-medical challenges, completely different from one discipline to
another.

Even in the same discipline, differences became evident and led to impor-
tant medical repercussions.

One of the most important specific approaches concerned football medi-
cine: indeed, football, today, is played in every country of the world, and
brings together, under the worldwide umbrella of FIFA, some 300 million
football players.

This gives us, football doctors, an important place in the contemporary
society. It also gives us, however, an important responsibility.

That is why I enthusiastically support the edition of this ISAKOS — book
about injuries and health problems in football.

This book is, naturally, essentially focused on locomotoric problems, but
it also concerns other aspects of football medicine, essentially cardiologic,
nutritional and respiratory aspects.

It follows the different steps in the medical guidance of football medicine,
from prevention to diagnosis, conservative and surgical therapy, rehabilita-
tion and, finally, “return to play”.

This is not the end of the story. Like so many other aspects in our human
society, the medicine of football will be influenced, and directed tomorrow,
by the “BINC” revolution: Biophysiology, Biotechnology, Informatics and
artificial Intelligence, Nanotechnology and Cognitive sciences.
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Foreword

The techniques of diagnosis and therapy will change. What must remain is
our constant care for the health and the physical condition of the young foot-
ball players.

Football doctors must never forget

that football is a game before being a product,
that football is a sport before being a market,

that football is a spectacle before being a business.

Baron Dr Michel D’Hooghe
Chairman of the Medical Commission of FIFA and UEFA



Preface

Medical education is a noble mission, where basic sciences together with
medical skills, innovations, and applied technology compete to improve the
quality of life and performance of sports practitioners.

Football is the world’s number one sport, played by 300 million men and
women, including referees and officials. It is interesting that 69.6% of regis-
tered female and 54.7% of registered male players are young, which shows
that FIFA and its member associations are on track toward enhancing the
popularity of this sport further in the future.

This new publication on football medicine is dedicated to all those who
love football and presents insights into the most frequent problems in the
sport and some of the hot topics in a friendly, clear, and practical way. In
injuries and health problems in football — what everyone should know,
we sought to provide an update on the state of the art. To achieve this goal, we
gathered valuable contributions from some of renowned experts in the field,
selected from FIFA, UEFA, ISAKOS, and ESSKA.

We used our experience to put together a team that could contribute to the
leverage of education in this field, providing knowledge of high-performance
skills, offering guidance on the current rules for best practice, and ensuring
high standards in football medicine with regard to prevention, diagnosis, con-
servative and surgical treatment, complications, time and criteria for return to
sports, and prognosis. We are now entering the era of biologics, tissue engi-
neering, and a molecular understanding of healing, and starting to leave the
gray area of experimental therapies behind in favor of evidence-based
treatments.

In the subsequent pages of this book, the reader will become acquainted
with a generous amount of cognitive knowledge, conveying a comprehensive
resource for understanding the most frequent problems in football medicine.
Talented and passionate authors in sports medicine bring science to you. We
hope you will join us on this priceless mission.

“I'hear and I forget. I see and I remember. I do and I understand” Confucius,
551-479 BC.

Thank you so much to all the contributors. It is an honor, a privilege, and
a great pleasure to share with you this exciting challenge.

Jodo Espregueira-Mendes

vii
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Partl
The Athlete in the Field



The Relevance of Medicine

in Football

José Ferraz, José Pereira, Jacques Menetrey,

and Paulo Lobo

The management of the athlete’s health requires a
close cooperation between coaches and medical
staff. A large part of professional football trainers,
who run the big teams, are in agreement and demand
the presence of medical experts in their teams.
After so many deaths in sport, but mainly in
football, technical offices were set up to discuss
standard procedures and measures to prevent
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sudden death in sport, but little has been pub-
lished to date on the subject. The medical advice
and recommendations for deciding whether or
not an athlete should continue its sport activity, at
its most basic level, comprise physical exams,
electrocardiograms, and other tests.

There are very frequent muscle injuries after
certain types of physical efforts, without being
able to say that there is a physical therapy with
demonstrated validity. The best treatment will
always rely in prevention. Adequate progression
in training will enable to achieve specific exer-
cises (e.g. the eccentric exercises) that might
bring long standing beneficts. However, any
type of therapy still lack scientific high-level
evidence.

Medication might play a role, including anti-
inflammatory drugs for pain management.
However, its use is not fully clarified or
established. The drugs need to be prescribed in a
suitable dose for the beneficial effects to be
maximized, and the adverse and toxic effects
minimized. It should be prescribed individually
and in a correct dose to ensure the best risk/ben-
efit ratio for this to have rapid and positive effects;
the presence of health experts is necessary, with
the technical team.

It is regrettable, from the legal point of view, that
there is still no worldwide obligation for athlete’s
clinical assessment prior to regular competition.
Medical screening for all athletes is mandatory.

J. Espregueira-Mendes et al. (eds.), Injuries and Health Problems in Football,

DOI 10.1007/978-3-662-53924-8_1
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The importance of the integrated work of
the technical committee with the medical
department should be done every day.
Emotional self-control, the importance of the
psychological side, the physiotherapist, the
sociologist, the traumatologist, etc. are areas of
activity that require from the experts attention
and follow-up, next to the technical team and
the nearest possible to the athlete. The main
objective is to assure the fastest return of the
athlete to sports activity after an injury.
Physiotherapeutic guidance covers the prepara-
tion and athlete’s training, prevention and treat-
ment of injuries, and early return to activity.

The professional ceased to operate only in the
rehabilitation, leaving the office and acting
directly on the edge of the field, in order to
detect possible muscle imbalances present and
biomechanical performance, with full-time
professional. Attention is focused on the inte-
gration with the professional coaching staff,
making everyone work towards the same objec-
tive, which is to make the athlete always pre-
pared and ready to perform their work at the
highest level possible.

In summary, we must consider that the inte-
gration of the doctor in the team must be on a
daily basis.
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10

2.1 Introduction

Injury was defined as any physical damage that
occurred during football activities (scheduled
matches or training sessions) and resulted in the
player being unable to participate fully in future
training sessions or matches.

A player was considered injured until the team
doctor allowed full participation in team training
and match play. Reinjury was defined as an injury
in the same location and of the same type as the
player had suffered previously.

2.2  Football Injury
Epidemiological Studies

Epidemiological studies on football injuries
have been implemented in Europe since the end
of the 1970s, particularly in the northern coun-
tries, namely, on amateur or semi-professional
footballers. Typical injuries for footballers were
described and the possibility of reducing their
incidence [1]. In the last three decades, profes-
sionalism in football has increased, and injury
surveys have been performed at all levels of
football: amateur, semi-professional, profes-
sional and elite. Moreover, they have also been
performed at youth level and in women’s foot-
ball and implemented in many countries.
Simultaneously prevention programmes were
implemented to avoid injuries regarding

J. Espregueira-Mendes et al. (eds.), Injuries and Health Problems in Football,

DOI 10.1007/978-3-662-53924-8_2
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muscles, tendons and ligament severe injuries.
Mostly in women, the ACL injury incidence was
drastically decrease with programmes like the
Santa Monica PEP or FIFA 11+. In men, the
incidence of groin pain or muscle injuries has
also decreased with such programmes, and the
exponential increase in children sports participa-
tion allows us to think in future specific children
prevention programmes.

2.3 The Football Associations

Contribution

Injuries are common in football, and FIFA, UEFA
and national football organizations are all con-
cerned about the safety of players.

In 2001, UEFA initiated a research project
with the aim of increasing sports safety.

One of the initial goals of the research pro-
gramme was to monitor the increasing load on
professional football players and the correlation
between this increasing load and injuries, i.e. to
study the possible effects of “overmatching”.
The results from the first years of the study sug-
gest that although normally the professional
clubs have effective strategies to avoid over-
loading their players, the intense match sched-
ule for many top players towards the end of the
season might have some negative effects on
these players’ performance and health, namely,
in the final season of the European and World
Cups.

45

2.4  Thelnjury Incidence
in National Teams

in European Competitions

In Euro 2004 in Portugal, 45 injuries occurred
(39 in matches and 6 during training); in Euro
2008 in Austria and Switzerland, 56 injuries
occurred (46 in matches and 10 during training);
and in Euro 2012 in Poland and Ukraine, 28 inju-
ries occurred (19 in matches and 9 during train-
ing) (Fig. 2.1). Probably the differences in climate,
stadium and training camp conditions, adequate
rest and fatigue control, coaches methodology,
fair play, referee intervention and effective pre-
vention and more adequate treatments could jus-
tify this injury incidence and differences between
different realities.

During Euro 2004, the thigh was the most
common injury location (22%) followed by the
ankle (17%), lower leg (14%) and hip/groin
(14%).

Sprains (ligament injury) were the most domi-
nant type of injury at Euro 2008 (n = 16, 29%),
and nine of these injuries comprised the ankle
joint and seven the knee joint. The 15 muscle
strain injuries mainly occurred in the thigh
(n=06), calf (n =4) and groin (n = 2).

In terms of risk injury Euro 2004 had a rate
of 9.0/1000h of exposure; during Euro 2008, the
total risk of injury was 10.0/1000 h of exposure
and during Euro 2012, the total risk of injury
was 6.0/1000 h of exposure (4.2/1000 h in the
Portuguese team).

40
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In Euro 2012, the injury incidence was about
16 times higher during match play (41.8 inju-
ries/1000 match hours) than during training
(2.6 injuries/1000 training hours).

2.5 Clubs Competitions:
The UEFA Champions

League Injury Study

The UEFA Champions League represents the
highest expression of club level football in the
world. Since 2001, UEFA has implemented an
injury survey among Champions League clubs [2],
with the aim of reducing injuries, which, at this
level, have a high sporting and economic impact.
Prof Jan Ekstrand, one of the pioneers of football
injury epidemiology, leads the group study for this
project. The UEFA Champions League (UCL)
injury study involves the most important clubs in
European football from several countries and with
different levels of competition success. Each day,
injury data together with information on the foot-
ball activity exposure of each player are collected
by the medical staff of these clubs and sent to the
group study. Feedback on the club’s injury profile
is sent periodically by the study group to the club
in order to improve specific prevention pro-
grammes. Until now, the results of this survey
have been extensively published in the scientific
literature [2, 3] and have helped to identify the

160

most common injuries at that level of football as
well as their specificity and fundamental charac-
teristics, namely, the total injury risk in top-level
club football in Europe (8.0/1000 h).

According to the UCL injury study, a profes-
sional football team can expect about 50 injuries
that cause time loss from play each season,
which equates to two injuries per player per sea-
son [3]. The impact of injuries on team perfor-
mance can therefore be considerable as on
average; 12% of the squad is unavailable due to
injury at any point during the season. Most inju-
ries occur during a match where there is a five
times higher risk of injury compared with train-
ing. Data from the UEFA Champions League
show that the risk of injury remained constant in
the last decade (Fig. 2.1).

During a match, data show that injury inci-
dence increases during the last part of each half
(Fig. 2.2).

There is also evidence that overuse injuries
have a higher incidence during the preseason
(Fig. 2.3), while there are different trends of sea-
sonality linked to different regions and their spe-
cific environmental conditions. In modern
football, where a considerable amount of money
is invested, this has a notable economic impact
with some teams reportedly losing millions of
euros due to injury [4]. These data suggest the
importance of the medical staff, whose role in
many clubs and federations is still undervalued.
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In injury study by Ekstrand et al.?, some con-
clusions were evident:

1. Low risk of injuries in training

2. The injury risk at matches is higher

3. No difference in injury risk between group
phase and final phase

4. Higher injury risk for younger players

5. Higher risk of severe injuries

6. Injury patterns — less head and knee injuries/
less severe injuries

7. Most injuries occurred at the end of each
half

8. Many players left the tournament still
injured

9. Few reinjuries

10. Higher injury risk to forwards

2.6 The Most Common Injuries
The most common injury in football is thigh
strain, typically affecting the hamstrings muscle
group. Thigh strain represents about 17% of all
injuries, and a typical 25-player squad can expect
10 thigh strains each season, with seven ham-
strings and three quadriceps strains [5]. Figure
2.4 shows the football gestuality and potential
location of injury (thigh 23%, knee 20%, ankle
14%, groin/hip 12%, lower leg 11%, back 6%
and foot 5%).

In general, muscle injuries represent almost one
third of all time-loss injuries in men’s professional

T T T T T T T T T T 1
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football, and 92% of all injuries affect the four big
muscle groups in the lower limbs. Again, if we
consider a team of 25 players at elite level, we can
expect about 15 muscle injuries each season, with
approximately 2 weeks missed for each injury (Fig.
2.5). Muscle injuries tend to occur more frequently
towards the end of each half.

The knee is the second most common location
of injury in football players (Fig. 2.4). Despite
their relatively low incidence (< 1% of all inju-
ries), anterior cruciate ligament (ACL) lesions
are the most attention-drawing pathology in foot-
ball medicine [6].

The hip and groin are another common injury
location. It seems that the real magnitude of inju-
ries in this location has been initially misevalu-
ated due to the relatively difficult diagnosis and
injury definitions, which do not always allow a
clear identification and classification of such
injuries. According to Werner et al. [7], a team
will have seven groin injuries each year. In addi-
tion to this considerable incidence, which has
been shown to be consistent over consecutive
seasons, prevention programmes have been
included in training sessions, but groin and hip
injuries have a significant severity: more than
half of them imply a lay-off time of more than
4 weeks.

The ankle is the most common injury location
in sports traumatology. In football, around 90%
of ankle injuries are sprains. The first football
epidemiological studies were performed in the
early 1980s and reported that the ankle is the
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most common location of injury (around 30% of
total injuries). More recent reports show a
decrease of about 50% of ankle injuries. This
can be the result of prevention strategies (e.g.
neuromuscular training, bracing, taping, indi-
vidualized shoes), which have proved to be
effective in reducing the incidence of ankle
sprains [8]. The sanctions to aggressive behav-
iour also contributed to decrease the ankle injury
incidence [9]. A correlation has been found

min 45-60 min 60-75 min 75-90

between major injuries (causing absence
>4 weeks) and performance. There is a consider-
able variation in the number of matches played
per season in European professional leagues.
Top-level players are obliged to play many
matches, especially during the final period of the
season. A correlation was found between many
matches at the end of a season and an increased
injury risk and/or underperformance during sub-
sequent world tournaments [10].
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2.7  AreWomen Injuries Different

from Men?

Women’s football has gained more and more
importance in the last few years. The number of
participants is rapidly increasing together with
the discipline’s professionalism. Male players
have an increased risk of training and match
injury compared with female players, but the risk
of sustaining a moderate to severe injury
(>1 week absence) does not differ between men
and women. Injury patterns are largely similar,
but females suffer relatively more knee injuries,
and men suffer more groin injuries.

Female players have a two to three times
higher risk of ACL injury compared with 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, whereas no relevant gender-related differ-
ence seems to exist during training. These data

have provided the basis for an extensive pro-
gramme of prevention for ACL injury in female
footballers.

Are Children
and Adolescents at Risk?

2.8

The knee is the most frequent site of musculo-
skeletal injury in the paediatric athlete. The
higher participation rate of children (in earlier
ages) and adolescents in competitive sports has
led to a dramatically increase in knee injuries
over the past decade. Concerns in children sports
participation (Fig. 2.6) are expressed in most of
football academies where young boys’ (7 years
old) training sessions and competitions represent
more than 15 h a week including gym sessions.
This means a high impact and frequency load
training, as well as, abnormal chondral load with
frequent severe injuries presenting abnormal

Fig.2.6 Trends in children and youth’s sports
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patterns involving structures like the ACL, bone
apophyses and cartilage. At the moment, we
need to better identify children at risk for ACL
and other injuries and add injury prevention pro-
grammes to workouts.

Conclusion

The injury risk decreased in male professional
football during recent years. At elite level, the
risk of ankle sprain has been decreased, and
thigh muscle strain is the most common injury.
A period with a congested match calendar can
lead to fatigue increasing the risk of injury and to
poor performance during the following period.
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3.1 Introduction

To be invited to draw up a critical reflection on
the subject teamwork in football/bringing sci-
ence to the pitch, 1 could eventually evolve my
reflection in the context of the prevalence and
incidence of sports injuries, in a historical and
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evolutionary approach of the most common
injuries, explaining with examples the most
significant predisposing factors for your
appearance.

In this context, I could refer to the contraindi-
cations for the practice of sports and physical
activity, age and gender, weather conditions, time
zones, planning on coaching, preparation for the
activity, and finally at the level of the sports facil-
ities and the material used.

However, bearing in mind that under psy-
chological and mental, in terms of evaluation
and presentation of strategies for the recovery
of injured athletes, becoming a field of greater
impact in the context of the great theme, I will
seek to develop, albeit very concisely, what |
think of greater relevance to the effect
required.

3.2 Part|

3.2.1 Psychological Factors
Associated with the
Prevention and Recovery
of Sports Injuries

Several reasons lead us to consider the injuries as
negative events in life of practitioners and may
result in loss of verve, monetary awards, physical
condition and fitness sports, etc. and also changes
in the personal family life (irritability, depressive
states, concerns and doubts about the future).

It has been noted that psychological vari-
ables such as motivation, stress, attention,
aggressiveness, self-confidence, persistence, or
the mood may influence the possibility of ath-
letes’ injuries and contribute to the processes of
recovery of injuries and prevention of further
relapses. The psychosocial stress is a key vari-
able in this process, essentially before and
when the injury takes place; in fact, studies
conducted by Davis, Hardy, Richman, and
Rosenfeld [4] and Petrie [18] proved that stress
appears to increase considerably the probability
of causing injury.

3.2.2 Stress and Sports Injuries

Anderson and Williams [1] made a risk assess-
ment of injuries suggesting intervention strate-
gies for their reduction, particularly in high-risk
and more vulnerable athletes, from the psycho-
logical point of view.

We identify three important factors (personal-
ity, history of stress factors, and confrontational
resources) that prevent sports situations that are
potentially stress-generating. In which concerns
the personality, there is a set of variables such as
psychological tendency, locus of control, com-
petitive anxiety, motivation for achievement, and
demand of sensations. According to our conclu-
sions, all these potentially stress-generating situ-
ations can cause psychological and attentional
changes, increased muscle tension, limitation and
reduction of the visual field, and increased dis-
tractibility, thus creating “great” conditions for
the competition of sports injuries.

3.2.3 Model of Vulnerability
to Sports Injuries

Buceta [6] suggested a model of psychological
vulnerability to sports injuries, which the main
assumption is the interaction between potentially
stressful situations and individual and personal
variables. Thus, the higher the frequency, the
duration and/or the intensity of potentially stress-
ful situations, the greater the probability of
appearance of stress conducive to greater vulner-
ability to injury.

Adapted from Buceta [6], we identify various
potentially stressful situations:

» Failure of general type (e.g., family conflicts,
loss of loved ones, financial problems, etc.)

* Successes related to the sports activity (e.g.,
exchange of statute or contractual issues
paper, exchange of team or coach, etc.)

e Lifestyle

e Training requirements

¢ Requirements of the competition
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Table 3.1 Effect on stressful situations according to per-
sonal variables (Adapted from Buceta 1996) [6]

Previous history of injuries >)
Ancxiety state, related to the activity and >)
athletic competition

“Stiffness” (righteousness, commitment, (<)
and control)

Confrontational styles >) (<)
Confrontation skills domain (<)
Social support ) (<)
High motivation to sporting goals >) (<)
High self-confidence (<)
High self-esteem (<)
Tendency for optimism (<)
System of beliefs and attitudes >)

e Other situations related to the sports activity
(e.g., the opinion of the media, the relation-
ship with directors, etc.)

e More specifically, background stimuli associ-
ated with sports injuries earlier

In a context of competitive sport, we can
assume the following effects (Table 3.1) (Adapted
from Buceta 1996 [6]):

3.2.4 Psychological Injury Recovery
and Prevention

One of the most important issues facing the per-
son who has responsibility to retrieve an injured
person consists in the evaluation of their behav-
ioral reactions to injury.

Brewer [5] mentioned various situational
and personal variables, related to the psycho-
logical and emotional reactions to injury. With
regard to situational variables, the severity of
the injury and the time required for recovery
appear to be the most stress-generating fac-
tors. On the contrary, when there is a strong
social support and there is evolution in recov-
ery, stress levels seem to drop significantly. As
regards personal variables, Brewer [5] referred
the success had on previous injury recovery;

the type of practice and sporting competition;
the patient’s age, with more negative emotional
phenomena in young and older athletes; and
extremely negative ways of thinking and pes-
simistic also generating higher levels of stress,
calling into question the emotional stability of
the athlete.

Main signs of psychological adjustment in the
face of injury:

(a) Loss of identity — An injury that requires an
athlete to abandon definitely practice or
sporting competition generates naturally a
loss in personal identity of the athlete. The
fact that a major loss in itself “was lost” neg-
atively affects seriously the athlete’s self-
concept and self-esteem

Fear and anxiety — Injured athletes may also
experience high levels of fear and anxiety,
experiencing particularly high levels of con-
cern about their ability to fully recover from
injury, about the possibility of turning the
injured, and about the possibility of being
able to be away from the team and replaced
by other colleagues. The fact that they cannot
train or compete allows them to have much
time to worry about these aspects

Lack of confidence — The lack of trust and
training time will likely lead to declines or
significant decreases in income after the
injury. Many athletes have a huge difficulty
in lowering their expectations and personal
requirements after an injury and, on the con-
trary, continue to have expectation levels
identical to those that had before injuries

(b)

(©)

Psychological reactions associated with
sports injuries (Table 3.2) (adapted from Petitpas
and Danish 1995; Source: Cruz and Dias 1996
[8]):

The fact that athletes experience negative
emotional reactions can contribute to a good or a
bad injury recovery. Buceta [6] indicates several
steps of the stress associated with the post-injury
period: at the time of hospitalization, in recovery,
in resumption of training functions, the fact that
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Table 3.2 Signs of a potentially problematic adjustment
to sports injuries (Adapted from Petitpas and Danish
1995; Source: Cruz and Dias 1996) [8]

Feeling of irritation, anger, and confusion

Obsessive thoughts about the day he can return to
compete

Negation (e.g., “the injury is nothing...”)
Return repeatedly to competition too quickly, and they
suffer injuries

Pride over the top (“wife””) about the benefits and
achievements

Insistence on physical complaints without importance
Blame for the weak earnings of team

Isolation and/or removal of other significant people
Rapid changes in moods

Claims, regardless what is done, the recovery will not
be possible

the athlete competes injured, and in cases where
athletes have to stop leaving his practice
compete.

Ievleva and Orlick [15], through interviews,
showed that athletes who resorted to the practice
of positive thinking, and the mental visualization
of the state of its development, recovered more
effectively and faster.

Weinberg and Gould [23] drawed attention to
some practical techniques of psychological inter-
vention in recovery, mainly:

e The relationship with the athlete should be
based on the seriousness and optimism. The
training methodology to perform must be
known to the injured athlete

e Using psychological skills such as visualization
and relaxation should be conveniently prepared

e The injured athlete should be prepared to
overcome any unforeseen factors

e A dynamic of constant emotional support and
help for people who share more directly to the
athlete’s life

According Buceta [6] psychological interven-
tion must have four post-injury central objectives:

(a) Improve well-being and psychological func-
tioning of athletes

(b) Contribute and promote the effectiveness of
rehabilitation

(c) Help athletes in return to sports practice and
competition
(d) Prevent relapses or new lesions

Given the important role of psychological pro-
cesses in injury recovery, we can conceptualize
the psychological intervention, in this kind of
cases, according to four main points suggested by
Cruz and Dias [8]:

(a) Analyze the behaviors of athletes before the
injury, as well as their resources to deal with
the same

(b) Train athletes in some psychological strate-
gies that help them in reducing control of
stress associated with injuries

(c) Teach all those who deal with the injured ath-
lete about the behaviors that may have to
assist the recovery process

(d) Cooperate with all components of the medi-
cal team, in a way that it can be a permanent
and clear communication with the athlete
about the evolution of the recovery

It is in this sense that Buceta [6] points out the
goals of the work of the sports psychologist:

(a) The contribution to the development and per-
sonal growth of the athletes

(b) Performance optimization

(c) The prevention and recovery of injuries

(d) The general well-being of the athletes

3.2.5 Effectiveness of Psychological
Intervention in the Prevention
of Sports Injuries

A study of Ievleva and Orlick [15], which ana-
lyzes the strategies and psychological factors
associated with a rapid recovery from injury,
evaluated the following factors:

(a) Attitude to injury — We all know that the way
they face the injury has a positive or negative
influence to their recovery

(b) Stress control — High levels of stress may pre-
dispose to illness and injury and can also hinder
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a rapid recovery. It depends on the individual’s
way of dealing with the stress, as well as the
circumstances in which the subject lives

(c) Social support — Those who have high levels
of social support experienced less stress
when faced with unforeseen events

(d) Formulating objectives — It is the first step to
start any task, including a rapid recovery
from injury

(e) Internal positive speech — Internal positive
speech as we all know contributes to personal
well-being. Athletes cannot change the fact that
they were injured, but they can control their
thoughts about the injury and his recovery

(f) Mental visualization — Images of a complete
rehabilitation, as well as a positive recovery
process, have beneficial results [19]

(g) Beliefs — All of the above strategies have the
greatest chance of success if the athlete
believes and feels what is to be done

3.3 Partll

3.3.1 Psychological Assessment
and Diagnosis of Sports
Injuries

The injury often occurs and can suddenly stop the
realization of the objectives of the athlete’s
income [14]. All injuries can drag something
psychological: physical, social, and psychologi-
cal factors that are dependent on the role that
sport represents in the life of an athlete. Due to
the large investment in terms of time, energy, and
money, an athlete experiences a greater loss and a
greater threat to self-esteem.

In this sense, authors such as Buceta [6] and
Heil [14] emphasize the need and importance to
assess and/or diagnose various aspects and psy-
chological factors associated with sports injuries.

3.3.2 The Preceding Factors
of the Lesion

The personal attitudes and behaviors, as well as
events in the recent past and remote, are

reflected in the athlete and in his ability to face
and deal with the weight of an injury. Thus it
becomes important to assess factors such as
medical and psychological history and the
experience of significant changes in sport and
personal life.

Another significant factors are major team
competitions, the effects of the player who is fur-
thest from the working group, and other risk fac-
tors such as drug use or eating disorders, as well
as relapses of injury or prolonged hospitaliza-
tions for multiple surgeries.

For Taylor [22], the well-known phenomenon
of “somatization” can be seen as a process of
deficient information to the athlete where over-
valued many times are the somatic sensations. In
its extreme form, the somatization disorder is
characterized by a long history of pain and vari-
ous somatic complaints, by the frequent use of
medicines, and by a penchant for medical consul-
tations, with vaguely defined phenomenon
origin.

3.3.3 Life with Stress and Change

Athletes with a lower capacity or psychological
skills to fight against psychosocial adversities are
at greater risk of injury [20]. Therefore, it is
essential to pay greater attention to the athlete
who gets injured in a negative phase, because the
solution may not be compatible with the require-
ment to solve other problems in his life [6].

3.3.4 Stress and Change in Sports

All athletes have to be trainer for winning and
losing, but a change/challenge still being positive
can also be stressful [6, 14].

The psychologist/methodologist-retriever
training/physical therapist and others can
obtain important information by contacting the
coaches. A change of “status” on the team, a
growing improvement, or the sudden decline of
income can be detected easily. In addition, a
higher competitive level requires greater phys-
ical and mental requirements.
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3.3.5 Approximation of the Major
Competitions

Some studies, in sporting contexts, refer that as we
approach the games of greater significance and
importance, it also increases the risk of injury, and
such risk may be related to overloads of training
prior to the competitions and associated with psy-
chological stress that competition in itself causes [6].

3.3.6 The Psychological State
of the Player Sidelined

It should also identify the case of athletes “mar-
ginalized” and tend to “hide” injuries, with fear
or fear of losing the opportunity of being sum-
moned to a game.

3.3.7 Training Overload

The workout overload occurs when training
exceeds the psychological ability of the athlete to
give response to effort. It is mainly manifested in
emotional and psychological instability, increas-
ing susceptibility to infectious diseases and sleep
disorders.

3.3.8 The Risk Factors of lliness
of Sportsmen

Some athletes are identified within a population
at higher risk for substance abuse, and food, and
drug use leading to a mental and psychological
change. Substances which may generate addi-
tional anxiety in competition include nicotine,
caffeine, tranquilizers, alcohol, and cocaine
among other compounds.

3.3.9 The Emotional Stress

According to Heil [14], when greater psychologi-
cal trauma is associated with an injury, greater is
the likelihood of psychological problems during
rehabilitation. The psychological impact can be

evidenced by certain symptoms, such as fear,
anxiety, pessimism, catastrophic thoughts at the
time of occurrence of injury, depersonalization,
among others.

3.3.10 The Location of the Lesion

The injury of the body parts particularly
“admired” by the athlete has a greater impact and
psychological effect (negative) compared to inju-
ries in other parts of the body.

3.3.11 Pain

Pain is an immediate response to injury and
reflects not only the seriousness of the “damage”
but also the anxiety and hopes to face the future
impact. The feeling of pain, as well as the stress
Heil [14] and Buceta [6], is conditioned by the
state of mind of the athlete.

3.3.12 Time of Occurrence of Injuries

Even minor injuries, whether they happen in a
focal point of an athlete’s career, could have tre-
mendous consequences. For example, the end-of-
season injuries can create a feeling of lack of
achievement, dragging the athlete to serious psy-
chological problem.

3.3.13 Cases and Unforeseen
Situations

A professional competition can lead to much
more disturbing reactions, before a serious injury,
compared with those who are least prepared and
which are more inexperienced in the activity.

3.3.14 Subsequent to the Injury
Factors

Rehabilitation effectiveness, complications in the
treatment, pain, use of medicines, psychological



3 Teamwork in Football/Bringing Science to the Pitch

19

state, social support, personal conflicts, and reac-
tions of the fans and the press are key factors and
potentially decisive for own progress in rehabili-
tation and full recovery from injury [6].

3.3.15 Auto-Scapegoating
of the Athlete

The athlete experiences increased feeling of guilt
on injury problems. So, if this assumes responsi-
bility for the occurrence of the injury or the plays
as a result of a fault or mistake guys, often arise
the feel of guilt in the athlete.

3.3.16 Social and Emotional Support

The positive role of the social, emotional, and
psychological support in the recovery of sports
injuries is widely recognized and evidenced by
the literature in the field of sport psychology [8,
9]. The social support transmits confidence,
helping to better address the problems and psy-
chological difficulties associated with the
injury.

3.3.17 “Secondary” Benefits

Although the injury is a negative event, it can
also get “secondary” benefits and some positive
consequences, for example, increased attention,
sympathy, or social support by others or the
break free from the responsibilities of everyday
life or escape to stressful situations.

3.3.18 Psychological Assessment
of the Injury (or Post Injury)

Heil [14] and Buceta [6] refer to the most perti-
nent issues in the process of psychological evalu-
ation of the lesion:

1. Identity: What is exactly the lesion? Does the
lesion produce too much or little pain?

2. Pain: What area of the body is injured? Is
there some medication being administered?

3. Activity: Does the injury interfere with the
activity of the sport? Must interrupt the
activity? For how long? Implies limitations?
Which?

4. Hospitalization: Needed? For how long? Are
you going to have surgery? Which?

5. Aids: What impact, for the injured, does the
measures adopted have? Need help or not to
move, dress, etc.? How to fill in the time? Will
have difficulty in sleeping?

6. Recovery: What is the prognosis? How long
for the reappearance? May yield as before?
Should you restrict the future activity? Will
likely be a decrease of capacity?

3.4 Part il

3.4.1 Strategies for Monitoring
Physical and Psychological
Recovery of Injured Athletes

Some investigations are able to demonstrate the
emotional responses of athletes to injury [24].
Some injured athletes show a variety of negative
emotional reactions such as mood disturbances,
tension, and anger [12, 20]. In the study of Smith
et al. [20], it was evidenced that the severity of
the injury was the biggest determinant of emo-
tional response and that athletes with minor inju-
ries had less mood disturbance.

As suggested by the work of Gordon et al.
[11], some injured athletes have behavioral reac-
tions similar to states of grief, as identified by
Kiibler-Ross [16] in his work with the terminally
ill. Psychological recovery strategies should be
used as soon as the injury is diagnosed.

3.4.2 Mental and Psychological
Training in the Treatment
of Injuries

Buceta [6] addressed and suggested some mental
training techniques in the treatment of sports



20

J.Neto

injuries. These psychological techniques usually
include the following combinations:

(a) Relaxation training, to develop body aware-
ness, enhance relaxation resting muscle, and
increase muscle efficiency

(b) Imagination and mental visualization, con-
sisting in the use of imagination to rehearse
repeatedly sports situations

(¢) Internal discourse, where the athlete uses
assertive statements to increase the self-
confidence or refocus his/her attention. The
internal discourse can also be used to modify
or stop negative thoughts detrimental to
performance

(d) Biofeedback training using the psychophysi-
ological measures to provide fast and accu-
rate feedback to subtle changes in muscle
tension or in other activities mediated by the
autonomic nervous system (e.g., heart rate
and brain activity, among others)

(e) Hypnotic techniques, based on focus of atten-
tion so that the athlete uses suggestions to be
confident and to deal with the stress associ-
ated with the injury

3.4.3 Recovery Training Field

We seek to attain the foundation ideas of the vari-
ous factors that can determine the integration in
the normal group. According to the type of injury
and its evolution in recovery, we can also associ-
ate the field training in the gym and swimming
pool.

(a) Aerobic endurance — establishment of the
organic balance by increasing the aerobic
capacity of the muscle fiber, establishing the
bases of other functional capabilities, until a
gradual adaptation of the increasing loads of
practice

(b) Anaerobic resistance — ability to make efforts
with oxygen deficit, revealing this work at a
more advanced stage of training. This
approach is characterized by efforts over a
period of time to intense short duration or
intense and long-lasting, calling the com-

bined forms of continuous training, interval
or circuit

(c) Strength — muscular strength is a fundamen-
tal physical ability to carry out the sports
gesture, assuming that is why the musculo-
skeletal system has a preponderant role in
improving performance [21]

(d) Speed — is strongly conditioned by the
genetic endowment of the sportsman, but it is
known that this ability can be greatly
improved with a qualification of specific
training, in particular, as regards race, play-
ing technique, range coordination, and syn-
chronization of movements that an athlete in
recovery can so subsequently optimize

(e) Flexibility — primarily intended for the exe-
cution of large muscle movements and jointd.
It should be always the intended movement
synchronized with the optimization of the
technique

Furthermore, the use of some psychological
techniques, which are associated with the task exe-
cution, results in a new vision of sports training:

(a) Communication skills — being the methodol-
ogist of the workout directly responsible for
the operationalization of recovery, he/she
should undertake clear information about
the processes that are being worked on and
use some strategies as enthusiasm in dia-
logue and strong messages of support, seri-
ousness, optimism and keep an optimistic
state in athlete, stimulating compensations
in recovery

(b) Relaxation techniques — relaxation tech-
niques whose fundamental objectives in its
use can take to improve the field of stress and
anxiety control, increase the concentration,
facilitate quick mobilization and great energy
through stimulation of the field to use atten-
tion, and improve self-control

(c) Formulation of objectives — defining and
accomplishing positive and specific objec-
tives (challenging, but realistic) as well as
avoiding the idea of unrealistic goals

(d) Imagination and mental visualization — is a
valid instrument for the acquisition of a great
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state of sports performance and may also be
used to simulate and anticipate predictable
emotional states in the face of pressure to appear
even “impossible” for maximum performance

3.4.4 Influence of Sports Injury
Changes in Mood and
Precompetitive Anxiety

in Football Players

According Olmedilla et al. [17], players before
the injury demonstrate higher levels of stress and
self-confidence and after suffering an injury dem-
onstrate higher levels of depression, anxiety, and
cognitive and somatic anxiety. The relationship
between injury and the psychological aspects of
sport is closely related [3].

The scientific literature indicates that the risk,
causation, and etiology of sports injury include the
interaction between intrinsic (biological character-
istics and psychological aspects) and extrinsic
(physical and sociocultural characteristics) aspects
and its influence on sport behavior [25]. In this
sense, some authors stress the importance of cog-
nitive processes, both emotional and behavioral
occurring in the rehabilitation of injuries [13].

There are difficulties in assessing the precom-
petitive anxiety, manifested immediately before
starting the competition and the state of mind of
professional or semiprofessional athletes. For
anxiety, in most cases, there have been studies of
anxiety trait and descriptive models [4].

3.4.5 Injured Athletes’ Perceptions

About Social Support

Clement and Shannon [7] refer in their study that
the social support moderates the harmful effects
of stress, which in turn affects indirectly the
health of injured athletes and their well-being.
Previous research suggests that the lack of influ-
ence of social support on the psychological reac-
tions of athletes benefits accession to rehab.
Social support can be defined as an exchange
of resources between two individuals with the
intention of increasing the welfare of the recipi-

ent. The social support operates through two
mechanisms, the chance and the direct effect, that
influence the injured athletes in rehabilitation
experiences. Social support, according to the
hypothesis of time, moderates the harmful effects
of stress and indirectly affects the health of
injured athletes and their well-being.

3.4.6 Relationship Between
the Perception of Pain
and Fatigue with Mood

Garcia and Mads [10] refer a case study of a young
man who starts sport after 6 months of recovery
for having suffered different injuries during the
period of 1 year. The POMS was used and by rat-
ing scales subjective were measured variables
pain, fatigue and satisfaction, the resulting higher
threshold of pain at the beginning of the competi-
tion and in this same scenario, low fatigue and
satisfaction ratings.

New studies show that the Profile of Mood
States (POMS) provides information on the psy-
chological evaluation of the athlete, that some
authors claim “there is a certain preference for
the use of this questionnaire, especially the
smaller versions, evaluating mood during the
period of training” [2].

Conclusion

As conclusive, I can mention, that in each of
the chapters mentioned, we could develop a
way, by chance, more explicit and circumstan-
tial for the general theme proposed.

Then, with the sense of gathering more
syncretism when I was asked, “I left” the way
some notes in technical and pedagogical order,
which could and should be larger object.

As a final note, I would not fail to point out
that a project of rehabilitation or recovery of
an injured athlete, it is fundamental the
involvement of different professionals from
the most diverse areas of intervention, in turns
by a single goal, passing a reassuring aura
who meets expectations high.

From my experience as methodologist,
in this function, in addition to the elements
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that contain the medical and technical team,
in the recovery of injured players, family
and friends always become a source of end-
less support and construction, day by day, a
properly and sustained design of principles,
honor, duty, and guarantees, for the revival
of a “god” dropped.
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4.1 Introduction

Whenever I got into the field with my field case, it
meant that an athlete had, somehow, suffered an
injury and, consequently, it was a reason to stop the
game. I have no doubt that all the attentions were
drawn to the place where I and my case were with
the mission to assist the injured athlete. Many times
have I opened the field case to withdraw the most
suitable product and applied it in a safe and fast
way to assure that the athlete returned to the game
in his perfect physical and mental condition.

The field case has been an essential item in my
work as a sport health professional. My long expe-
rience in the sports health area, particularly in
football, the most popular sport in Portugal,
enables me to reflect about several and different
issues on this matter. Reading and studying several
authors such as Arliani et al. [1], Costa [2], Moreno
[3], and Pinto [4] that have written about sports
and health allowed me to go further in the topic.

This research work is on:

*  What is the origin of the field case?

e What is it used for?

e How has it evolved?

*  What is its content?

e What are the main principles for its use?

Along with these questions, many others may

be equally relevant. However, they will be object
of future reflections.
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4.2  The Origin of the Field Case

The field case is as old as football itself, and its
origin goes back to the United Kingdom, the
birthplace of football. Right from the beginning,
this sport has always required the need to assist
injured footballers during the game (including
first aid help). Water and bandages have probably
been the first products used in the field.

As professional sports have become more
and more demanding, other products have been
used and included in the field case. Nowadays
the field case is very different from the one used
20 years ago.

4.3 The Use of the Field Case

Sports, particularly football, have been character-
ized by an increase in the effort and competitive-
ness. Pinto [4] (Page 23) when trying to define
the effort in football refers that “the rhythm, the
motor density, the body contact and the game
complexity are higher and higher, as well as
occasional”, which increases the risk of injures
that can affect the athlete’s well-being and health.
This very same author states that “modern foot-
ball requires a strong and fast player able to over-

Fig.4.1 Field case being
used during a football
game

come obstacles and handle charges (...) as well
as keep high effort levels even though being
physically exhausted.” (Page 32). In this context
where effort is taken to the limit, the field assis-
tance is vital to the athlete (Fig. 4.1).

The field case has countless times been a
quick response to different traumatic situations.
This quick response justifies its use in all
occasions.

4.4  Field Case Evolution

The field case has followed the scientific and tech-
nological progress over the last years. In fact, we
can say that there have been major changes in it,
especially when it comes to human resources
(more competent professionals in the sports area)
and more knowledge when it comes to material
resources (new treatment techniques and new
products). There has been a major investment in
the academic education as well as in the profes-
sionalism of all the agents that work in sports
health area. Modern football has led to the creation
of a group of health professionals with a degree in
sports that ensure a high-quality medical assis-
tance to the athlete. These professionals use mod-
ern techniques and have new approaches which

-

o &
ot T
=5

+

A

o
| —
e
e 4
¥4
4 b 3

—

\ <)

4%




4  The Field Case

25

solve in a very fast and effective way the athletes’
injuries and traumas. New treatment techniques
along with new products are the result of medical
innovation and new technologies. Thus, the field
case has included a wide range of products that
respond effectively to the needs of modern foot-
ball. Further ahead, a list of the products that are
usually part of a field case will be presented.

4.5 Principles of Its Use: Cautions,

Treatment, and Preservation

Footballers work very close to their limits and
therefore are extremely predisposed to injuries.
Studies and statistical data on field injuries allow
us to know how frequently injuries happen.
According to Arliani et al. [1], football injuries
are estimated in about 1015 cases to 1000 hours
of physical exercise. Most of the injuries affect
the lower limbs (70-80%), and most of them are
related to knee and ankle joints and thigh brawni-
ness. The same author points out that most of
these injuries happen during games and that data
help to conclude that an athlete will suffer an
injury related to football at least one time a year.

There is a high probability for an athlete to
suffer an injury during competition. However, the
preventive behavior of the health professionals
has deeply contributed to diminish the number of

Fig.4.2 Leaving the
football field after a quick
use of the field case

injury occurrences. This way, the athlete’s body
and balance is always taken into serious consid-
eration. This complex concept — body and bal-
ance — is all about achieving the top when it
comes to health and well-being [3] (Fig. 4.2).

These perceptions have always led to a wide
range of actions that help to avoid or diminish the
risks of top-level sport practice, such as football.
Being able to properly evaluate an injury is of
extreme importance to make the right decisions. In
some cases, the best thing to do is to withdraw the
player from the game as the injury may get worse.
All in all, the response to a serious injury must be
quick and efficient so that the situation evolves for
the best. The ready use of the first aid kit and the
use of specific recovery techniques assure a posi-
tive recovery of the athlete’s physical condition.
This way, it is necessary that the field case includes
products and equipment ready to be used in the
field.

The Field Case: Features
and Content

4.6

The field case must be light, easy to carry, and
functional. The products must be stored in a way
that facilitates the quick and efficient use of them.
The action of properly placing the products is
essential. The field case should be ordered
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Table 4.1 List of products

Iodine solution
Hydrogen peroxide
Ethyl alcohol
Saline solution
Ether solution
Spongostan

Sterile gauze

Cotton

Normal and hypoallergenic
patch

Cold spray ethyl

Gel ice power

Elastic bandages

Binding bandages
Adhesive elastic bandage
Adhesive nonelastic tapes
Neuromuscular patches
Mousse pretape

Liquid spray pretape
Syringes and needles
Soludacortina
Tourniquet

Staples and device

Stitch adhesive strips
Disposable gloves
Spray patch

Hambu

Mayo tube

Portable defibrillator
Splints (boot and glove
type)

Scissors

Tweezers

Scalpel

Elastic wraps
Anti-inflammatory drugs
Painkillers

Antacids

Hydrotricine

Vaseline

Antihistamine (cream or
gel)

Cool box

Instant ice

according to the health professional that is going
to use it. The products that make part of it should
be of different types in order to give the right
response to the different injuries that may occur
in a game situation (Table 4.1).

This list of products is presented on an indica-
tive basis, and it may include other products
according to the health professional that uses it.

Guidelines for the Use
of the Field Case

4.7

Taking decisions in an emergency situation is of
huge responsibility since there is a serious risk of
affecting the physical, psychological, and emo-
tional condition of the athlete. The health profes-
sional that uses the field case must have the
adequate education and professional training in
order to do his work properly.

My experience allows me to present a wide
range of guidelines that all health professionals
should take into consideration. The items pre-
sented below are just guidelines for the best use
of the field case.

The health professional must:

(i). Always act according to the decisions of
the Medical Department
(i1). Know about basic life support
(iii). Give first aid efficiently
(iv). Know how to use the products and devices
that make part of the field case in a quick
and efficient way
(v). Not stress (must stay calm and undisturbed)
(vi). Have the field case ready to use
(vii). Have an ethic attitude when approaching
the athlete
Act to prevent the spread of transmissible
diseases
Be aware that his action plays an impor-
tant pedagogical role

(viii).

(ix).

The presented guidelines point out the fact
that these precautions go further than the sport
medical area and appeal to the health profession-
al’s ecological attitude.

In fact, many agree that football is a violent
sport, and we should not ignore this reality.
Football is “probably the most spectacular, popu-
lar and worldwide sport but also one of the most
violent” [2].

Taking this reality into consideration, any field
action should contribute to the peace process of
sports and appeal to the protection of social posi-
tive attitudes. Thus, in an emergency situation,
the health professional should reveal his solidary
humanism.

Conclusion

The field case is as old as football, and its
use has been gaining importance as time goes
by. Its content and use have been approved
by the scientific community that points out
the importance of preserving the athletes’
health conditions.
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The field case must be handled by profession-
als with the right education training and that fol-
low the guidelines that assure the best use of it.
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5.1 Introduction

Team physicians are part of the game of football.
They have the difficult task of having to quickly
evaluate the injured athlete, determining the
lesion severity and assessing return-to-play
strategies.

The environment in which decisions are taken,
in the middle of the rush of the game, with the
added pressure of the public, referees, and some-
times coaches, makes this a difficult job.

The vast majority of injuries in football are
small contusions and bruises that pose no harm to
the athlete and allow a safe return to play. On the
other hand, the increasing speed and athleticism
of the modern game contributes to a vast list of
severe injuries that one should be prepared to
deal with occasionally.

On this chapter we will focus on the immediate
evaluation on the field, approaching medical emer-
gencies and the most frequent musculoskeletal
injuries. We will rely on practical examples in
order to answer some of the readers’ questions.
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5.2 Emergencies Players who exhibit signs or have symptoms

of possible head injury must immediately be
5.2.1 Head Injuries removed from play and medically evaluated.

In the world of sports, football is unique because
of the purposeful use of the unprotected head for
controlling and advancing the ball. This skill
obviously places the player at risk of head injury.

Head injury can be a result of contact of the
head with another head (or other body parts),
ground, goalpost, other unknown objects, or even
the ball. Such impacts can lead to contusions,
fractures, eye injuries, concussions, or even, in
rare cases, death.

Correct heading of the ball can rarely be
accountable as a cause of acute injury; however,
the long-term effects of this repetitive trauma are
yet to be determined.

Case 1 A striker is running toward the goal. As
he is challenged by the goalkeeper, he inciden-
tally hits his head. The goalkeeper remains lying
on the floor, apparently unconscious.

It is thought that the goalkeeper is the position
most at risk for head injury and concussions in
particular.

Unconscious players should be assumed to have
a cervical spine injury, and quick attention should
be made to address their airway, breathing, and
circulatory status, while maintaining spinal
immobilization.

Unconscious and unresponsive players should
immediately have their cervical spine stabilized.

Immobilization of the cervical spine often
complicates airway management in an injured ath-
lete because the cervical spine is ideally splinted in
a neutral position. This is most often accomplished
by positioning someone at the head of the supine
athlete to hold the head in a neutral (in-line) posi-
tion. Unfortunately, this necessary procedure
allows for less access to the airway, with less phys-
ical space for the physician to maintain or control
the airway at the head of the athlete [1].

Players that have suffered a loss of conscious-
ness should be referred to the emergency depart-
ment (ED) for further evaluation and head CT
scan.

Case 2 As they try to reach for the ball after a
goal kick, the central defender from one team
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RECOGNIZE & REMOVE
Concussion should be suspected if one or more of the following visible cdues,
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1. Visible clues of suspected concussion
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Loss of COMSOOUSNEss OF MESPONSVEness
Lywng motoniess on ground/Slow 10 get up
Ursteady on feet / Balance of faling
Grabbeng/ Clutchung of head

Dazed, blank or vacant look
Confused/Not aware of plays or events

2. Signs and symptoms of suspected concussion

Presence of sy Ond o more of The Tolowng BgnI & YOI My TLgEeT! B (ONCARON

- L0s3 Of COnsOOUsness - Headache

- Secure or convulsion - Dzaness

- Nausea or vormsting - Feeling slowed down
- Drowsness - “Pressure in head™

- More emotional - Blurred vision

- imitabiity - Sensitivity to ight

- Sagness - Amnesa

- Fatigue of low energy - Feelng lie “in a fog”
- Nervous of snmous - Neck Pain

- “Don't feel right™ - Senmtrity 10 none

- Defficuity remembenng - Defficuity concentrating
© 7311 Comcues Yt e

Fig.5.1 FIFA’s pocket concussion recognition tool

struck his opponent on the head. They both
remain sitting on the floor as the two medical
teams arrive. The central defender has a vacant
look into the sky.

Football is a sport not traditionally identified
as high risk for concussions, yet several studies
have shown that concussion rates in football are
comparable to, and often exceed those of, other
contact sports [2].

In conscious patients, a quick survey of the
ABCs should be followed by evaluation of spi-
nal tenderness and a neurologic assessment of
the upper and lower extremities. Unstable
patients should be transported immediately to a
medical facility for additional imaging and
management.

Symptoms may include headaches, nausea,
dizziness, photophobia, fatigue, and difficulty
with concentration and memory. Outward signs
include loss of consciousness, confusion, amne-
sia, loss of balance and coordination, and person-
ality changes.

3. Memory function

FRdure 1 BATwer By OF TREME QUEIDONT COTECTly Ml RHIt B CONCARSN

“What venue are we at today?”

“Which half is it now?*

“Who scored last in this game?”
“What team did you play last week/game?”
“Did your team win the last game?”

Any athlete with a suspected concussion should be IMMEDIATELY REMOVED
FROM PLAY, and should not be returned to activity until they are assessed
medically. Athletes with a suspected concussion should not be left alone and
should not drive a motor vehicle,

It & recommended that. in all cases of suspected conCusson, the plyer o referred 1o

& medscal prof for duagr and g a0 well &3 retumn 1o play decmons,
even if the symptoms resolve
RED FLAGS

It ANY of the following are reported then the player should be safely and
mmmediately removed from the field If no qualified medical professsonal is
available, comider tramporting by ambulance for urgent medical assessment:

Remember:

- In all cases, the basc prinoples of first asd
(danger, resp arway. should be foliowed

- Do Nt attempt to move the pliyer (Other than requaned 10 arwary SUPPONT)
uniess trasned 10 30 00

~ Do not remove heimet (if present) uniess tramed 10 00 30

from MCCrony oL AL COnensus SLAMMMENT On CORCUIRON M S0OrT. BF J SpOrts Mad 47 (31 2013
© 51 G gt ey

Loss of consciousness (LOC) is not required
for a diagnosis of concussion. Only approxi-
mately 10% of sports-related concussions include
LOC.

There are several pocket guides to help the
physician to quickly diagnose a concussion on
the field; we normally use the one from the FIFA
medical group (Fig. 5.1).

Thorough physical and neurological examina-
tion, followed by a quick questionnaire as exam-
pled above, normally provides the diagnosis.

Concussion is a complex pathophysiological
process affecting the brain, induced by traumatic
biomechanical forces. Direct or indirect transmit-
ted forces due to rotational and/or acceleration-
deceleration forces to the brain cause changes at
the cellular environment.

All concussed players should be removed
from the contest and should not return to play
that day. A graded return-to-play guideline
should be applied to each athlete, allowing pro-
gression based on the individual.
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Each individual should be rested physically and
cognitively until symptoms resolve. Upon resolu-
tion of symptoms, athletes can progress to light aer-
obic exercise, followed by sport-specific exercise,
then non-contact drills, followed by full-contact
practice, and eventual return to unrestricted play.

5.2.2 Cervical Spine

Case 3 During a goal kick, a striker and a central
defender jump for the ball. On their descending
moment, the defender quits and flexes his upper
body, leaving the striker falling unchallenged
with his head first. At the medical team’s arrival,
he complains of cervical pain and some tingling
in his right upper extremity.

Neck injuries are much less common than
head injuries in football. Most are mild injuries
(mild sprains, abrasions, and small lacerations).

The mobility of the cervical spine allows for
much of the applied forces of the neck to be dis-
sipated through lateral bending, flexion, and
extension.

These forces are effectively absorbed through
the paravertebral muscles and intervertebral
disks. When these mechanisms fail, serious
injury occurs.

Most serious neck injuries resulting in frac-
ture or dislocation of the cervical spine usually
occur as a result of a fall.

When approaching an athlete complaining
with neck pain, the priority is to stabilize cervical
spine to prevent further injury.

The next step is to establish the mechanism of
injury if it was not witnessed. The following
questions will then have to be answered:

 Is the athlete alert and orientated?

* Is there any midline pain?

e Is there any midline effusion, bony tender-
ness, and step-off on palpation?

e Are there any neurological signs of central
injury or paresthesias in the extremities?

e Is he able to actively rotate his head 45° to
each side without pain?

The sequence of the questions is fundamental.
A negative answer to any of the questions estab-

lishes the obligation to cervical spine immobili-
zation and to proceed to the ED for further
evaluation (X-ray, CT scan, etc.).

The example above, frequent in recreational
and professional football according to the
Canadian C-Spine rule, constitutes a “dangerous
mechanism of injury” that one could compare to
diving. This and the presence of upper limb neu-
rological signs would make C-spine immobiliza-
tion and radiological investigation mandatory
(Fig. 5.2).

Although we consider it a good tool, the limi-
tation of the CCR is the fact that the majority of
sports-related mechanisms of injury could be
considered dangerous mechanisms (force equal
to or greater than falling from a height >3 ft),
which would require imaging for most sus-
pected spinal injuries in sports. Thus, personal
clinical judgment and experience still play a
vital role in assessing sideline spinal injuries,
keeping in mind that if a serious spinal injury is
ever suspected, appropriate stabilization and
transportation for definitive care should be
implemented [3].

5.3 Upper Extremity

5.3.1 Shoulder

Case 4 During an under-19 game, two players
try to reach the same ball; as they try to gain
control of the ball, they run shoulder to shoul-
der, and one of them succumbs to the pressure
and falls, landing on his right shoulder. The ref-
eree immediately calls for medical assistance.

In the last years, shoulder injuries have repre-
sented an increasing health problem in football
players. The modern football has been character-
ized by high-speed game, “dangerous” tactical
solutions such as pressing and marking, and aug-
mented number of legal and illegal physical
contacts.

It is always helpful for the medical staff to
watch the mechanism of injury. When dealing
with shoulder injuries, this assumes a capital
importance in order to rapidly perform a
diagnosis.



5 How to Examine an Athlete on the Field: What You Should Not Miss 33

The Canadian C-Spine Rule
For alert (GCS=15) and stable trauma patients where cervical spine injury is a concern

1. Any High-Rish Factor Which
Mandates Radiography?
Age > 65 years
or

Dangerous mechanism”
or

Paresthesias in extremities

lNo

2. Any Low-Risk Factor Which Allows
Safe Assessment of Range of Motion?

Simple rearend MVC h
or
Sitting position in ED
or
Ambulatory at any time
or
Delayed onset of neck pain *
or
Absence of midline c-spine tenderness

**

No i
Radiography

l Yes

3. Able to Actively Rotate Neck?
45° left and right

Able

No Radiography

Fig.5.2 Canadian C-spine rule

The first question to answer is: What was the
position of the arm at the time of trauma? Was it
in abduction or in adduction?

One should then proceed to do a careful
inspection and palpation of the shoulder girdle on
the field.

Unable

* .
Dangerous Mechanism:

- fall from elevation > 3 feet / 5 stairs

- axial load to head, e.g. diving

- MVC high speed (>100km/hr), rollover, ejection
- motorized recreational vehicles

- bicycle collision

**Simple Rearend MVC Excludes:
- pushed into oncoming traffic
- hit by bus / large truck
- rollover
- hit by high speed vehicle

*kk Delayed:

- i.e. not immediate onset of neck pain

5.3.1.1 Shoulder

Dislocation normally occurs after a trauma where
the arm is in abduction and external rotation. The
athlete may have a history of shoulder instability,
but most often in football, we deal with a trau-
matic isolated episode.
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Removing of the shirt will facilitate clinical
examination. Inspection reveals the loss of
the round shape of the shoulder, and as 90% of
the luxations are anteroinferior, palpation of the
humeral head on the armpit is possible.

Shoulder dislocations are very stressful events
both for the athlete and for the medical team.
Players are in pain, anxious, and most often unwill-
ing to move their arm. We discourage any attempt
to make the reduction of the articulation on the
field by inexperienced personnel. Neurovascular
status should be checked. Presence of numbness on
the arm, forearm, or hand is a sign of neurological
damage. Asymmetry of the radial pulse should also
be checked. These athletes should be immobilized
on an arm sling and proceed to the hospital for
X-ray evaluation and then reduction [4].

When dealing with young athletes, especially
under-12, team physicians should always suspect
of a proximal humeral fracture through the epiph-
ysis when confronted with major deformity of
the shoulder.

5.3.1.2 Acromioclavicular
Acromioclavicular (AC) joint separations are
common injuries of the shoulder girdle; in foot-
ball they account for nearly half of all shoulder
injuries among athletes involved in contact sports.
Typically, the mechanism of this injury is a
direct force against the lateral aspect of the adducted
shoulder or a fall on an outstretched hand (FOOH),
the magnitude of which affects injury severity.
The acromioclavicular joint is a diarthrodial
articulation with an interposed fibrocartilagi-
nous meniscal disk that links the hyaline carti-

lage articular surfaces of the acromial process
and the clavicle. The joint is horizontally and
vertically stabilized in anterior and posterior
translation by a combination of dynamic mus-
cular and static ligamentous structures, which
allow a normal anatomic range of motion.
Because of the transverse orientation of the
articulation, direct downward forces may
result in shear stresses that cause disruption of
these stabilizing structures and create dis-
placement beyond the normal limits. This is
evidenced by abnormal positioning of the clav-
icle relative to the acromion, usually in the
superior direction [5].

Rockwood classified AC joint dislocations in
six grades as seen on the table below (Fig. 5.3):

When approaching an athlete with shoulder
trauma, the medical staff should mentally recon-
stitute the mechanism of injury. Acromioclavicular
injuries in football are usually low energy (I-I1I).

Clinical signs vary from:

e Pain/tenderness on AC joint with no defor-
mity (Grade I)

e Pain on AC joint and lateral clavicle becomes
a little more prominent (Grade II)

e In type III sprains, the force applied to the
shoulder completely disrupts the acromiocla-
vicular and coracoclavicular ligaments, lead-
ing to complete separation of the clavicle and
obvious changes in appearance. The lateral
clavicle is very prominent

Grade I injuries do not compromise AC joint
stability and are compatible with completion of
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Partial rupture
A.C. ligaments

Ligament stretched

Typel

Clavicle displaced posterior
over acromion

Superior view

Fig.5.3 Rockwood classification of AC joint dislocations

the game especially on the professional setting,
depending on the athlete’s pain tolerance.

Grade II and III injuries are painful; ligamen-
tous rupture dictates that the athlete abandons the
field and shoulder put to rest on an arm sling until
further investigation.

5.3.1.3 Clavicle

Case 5 A 9-year-old player incidentally steps
on an opponent; he falls on his left shoulder. As
the coach and referee approach, he is sitting,
yelling in pain. His shoulder has no gross defor-
mity, but there is a small bruising and pain when
the middle third of his clavicle is palpated.

Clavicle fractures can occur after a direct
impact on the shoulder or FOOH mechanism.

Type Il

Clavicle displaced just
under skin

Complete rupture
gA.C. and C.C. ligaments

Type Il

Clavicle underneath
coracoid (very rare!)

Athletes will pinpoint the site of injury.
Inspection will most often show some degree of
deformity, bruising, and occasionally skin suffer-
ing as the clavicle lays subcutaneously [6].

When there is a suspicion of clavicle fracture,
the athlete should be withdrawn from the field
and immobilized on an arm sling, and further
X-ray investigation should be provided.

Pediatric population is especially vulnerable
to this type of injury.

5.3.2 Elbow
Elbow injuries are less common in football than

in other contact sports. The vast majority are
small soft tissue contusions that allow for safe
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return to play. However, elbow dislocations and
fractures can occur.

When evaluating a painful elbow, the follow-
ing aspects should be taken into consideration:

e Is there any major deformity?

* Does the athlete have full range of motion?
e Is strength symmetrical?

e Can he perform football-specific activity?

If an elbow dislocation (90% of which are
posterior or posterolateral displacement of the
forearm relative to the humerus) or fracture is
suspected, the athlete should be immobilized in a
90 degree, well-padded posterior splint and evac-
uated to ED for further investigation.

5.3.3 Wrist and Hand

Case 6 During the preparation of a corner kick,
the index finger of the central defender gets stuck
on the shirt of his opponent. As they fight for
positioning, he feels a “pop.” He approaches the
bench with an obvious deformity on the proximal
interphalangeal joint.

Wrist and hand injuries can be assessed in a
similar manner to elbow injuries — the previously
listed questions will need to be answered.

When evaluating a wrist injury, attention
should be placed on bony tenderness, especially
snuffbox tenderness, crepitus, local swelling, and
obvious deformity, as well as functional status.

Hand and finger injuries account for 9% of all
sports injuries because they are the most active por-
tion of the upper extremity and the least protected.
Again, athletes with suspected fractures should be
withheld from play until appropriate X-rays can be
obtained. Interphalangeal (IP) joint dislocations,
collateral ligament sprains of IP joints, and mallet
fingers typically can be reduced on the sideline and
protected by buddy taping if the athlete wants to
return to play. In cases of jersey fingers, ulnar col-
lateral ligament sprains, and metacarpophalangeal
dislocations, return is not advised.

5.4  Lower Extremity

Injuries of the lower extremities have a greater
incidence in football. The fact that the ball is
driven by the feet makes understandably more
likely that traumatic incidents affecting the knee,
leg, ankle, and foot occur.

Fortunately, the vast majority of these inju-
ries are abrasions and contusions that do not
endanger players. However, physicians should
be prepared to deal with complex patterns of
lesion especially concerning the knee and ankle
joints.

When evaluating lower extremity injuries, the
most important question is: can the athlete bear
weight? An athlete unable to bear weight obvi-
ously increases the likelihood of long bone frac-
ture. However, the ability to fully or partially
bear weight does not exclude all fractures and
definitely does not clear the athlete to restart
competition.

5.4.1 Hip
Traumatic injuries of the femoroacetabular joint
and labrum are relatively infrequent in contact
sports, including football. Extra-articular injuries
to the hip region are reported more frequently,
such as bone and soft tissue contusions to the
iliac crest and fossa, and sprains and strains of the
soft tissues of the hip and pelvic girdle [7].
Again, team physicians should have a system-
atic approach and evaluate:

e Can the athlete bear weight?

e Does he have full range of motion?

e Is strength symmetrical?

e Can he perform football-specific tasks?

When evaluating muscle injuries around the
hip, one should ask how the beginning of pain
was. In case of rupture, athletes will mention a
sudden “stinging” and the region involved will be
easily pointed. Isometric contraction and espe-
cially resisted contraction will elicit pain.
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Muscle strains can happen in any of the mus-
cles crossing the hip joint with a higher incidence
on the hip flexors. Forceful contraction against
resistance is the most common mechanism of
injury as well as sprinting.

In pediatric populations, one should be alert
to growth plate avulsion fractures. Although
avulsion fractures of the anterior superior iliac
spine are rare, it can be seen in adolescents, as a
result of sudden vigorous contraction or repeti-
tive contraction of the sartorius and tensor fas-
ciae latae muscles. This injury is typically
accompanied by a “pop” at the time of injury,
can be quite painful, and can be very difficult to
put weight on the leg.

5.4.2 Knee

The on-the-field assessment of an acute knee
injury should be as brief but as thorough as pos-
sible and include history taking and initial physi-
cal exam. The goal is to rule out a fracture,
dislocation, or neurovascular injury.

5.4.2.1 Mechanism

Regarding the mechanism of injury, the follow-
ing questions should be answered. Was there
contact with another player? What was the posi-
tion of the leg/foot? What sensations were felt?

In contact injuries it is important to determine
where the site of the blow was. Most often liga-
mentous injuries will occur on the opposite site to
the blow (e.g., external impact, valgus stress,
medial collateral injury).

A description of the athlete’s injury-related
sensations, such as tearing or an audible pop,
can also facilitate the diagnosis. For example, a
pop typically indicates an anterior cruciate liga-
ment (ACL) tear, while a tearing sensation often
accompanies a medial collateral ligament
(MCL) tear.

5.4.2.2 Initial Evaluation
Immediate on the field examination includes
inspection of the skin and major deformity.

Contact injuries such as fractures or disloca-
tions are not subtle; deformity, hemarthrosis, and
even abnormal distal pulses can be observed.

It is especially important to check neurovascu-
lar status of the limb if a tibiofemoral dislocation
is suspected.

Fortunately, these injuries are rare, and prior-
ity will be to gently align (with axial traction) and
stabilize the lower extremity in order to safely
proceed to hospital facility where further investi-
gation will be done.

Patellar dislocations can be reduced on the
field by medial traction and knee extension.

Inspection of the skin is important as the site
of the blow will be evident. Immediate effusion
may indicate hemarthrosis and intra-articular
injury such as LCA rupture, meniscal fracture, or
osteochondral lesion.

In more subtle cases where initial inspection is
normal and the team physician is asked to clear the
athlete for competition, one should perform a sys-
tematic examination of the knee on the sideline:

¢ Range of motion: Full extension (comparison
with the opposite site) and full flexion. Pain or
blocking could be present in meniscal tears or
osteochondral injuries

o Stability tests (tibiofemoral joint): Varus/val-
gus stress tests, Lachman test and anterior/
posterior drawer tests, and dial test

e Patellofemoral joint: Palpation of the extensor
mechanism looking for pain or any step-off.
Pain on the medial patellofemoral ligament/
internal retinaculum confirmed by a positive
patellar apprehension test could indicate patel-
lofemoral instability

Normally, on the sideline the athlete can indi-
cate the area of pain and guide the medical staff
in order to shorten the examination. For the
injured athlete to return to play, he must have full
range of motion of the knee, nonsignificant swell-
ing, weight-bearing ability, and the ability to play
his specific position [8].

It is especially important on the cases where
the athlete is cleared to finish the game, to
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perform a full post-match examination, in proper
facilities after cooling down.

5.4.3 Ankle and Foot

Ankle and foot injuries have a high incidence in
football. While the most common injury is the
ankle sprain, complex injuries like fractures, liga-
ment tears, and cartilage damage can occur. Such
injuries have a high impact on the player’s career.

The majority of injuries are caused by tackles
involving lateral or medial forces that created a
corresponding eversion or inversion rotation of
the foot or ankle.

Case 7 A striker suffers a tackle during his pro-
gression with the ball. He sustains a direct blow
on his medial malleolus causing the inversion of
his left ankle (Fig. 5.4). When approaching the
athlete, he complains of pain around the ankle
and especially on the external aspect of his foot.

Patrocinador Oficial do Fu bol de Formago

Fig.5.4 Field injury
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As with other lower limb injuries, the initial
focus should be to distinguish between poten-
tially dangerous injuries and the ones that can
allow a safe (sometimes protected) return to
play.

Ankle fractures and fracture/dislocations are
rare in football but can occur. In these situations,
the priority is to obtain a correct alignment of the
ankle in order to reduce pain, avoid neurovascu-
lar compromise, and allow splinting of the
extremity for a safe transfer to hospital facilities.

Open fractures should be suspected when a
laceration is seen overlying the deformity. Care
should be taken to clean the wound and cover it
with moist sterile dressings. These injuries
require emergent care, including intravenous
antibiotics, irrigation, and debridement in the
operating room.

Fortunately, the vast majority of ankle injuries
are more subtle. As mentioned above, soft tissue
injuries including external ankle sprains have a
high incidence in football.

A Posterior
edge or tip
of lateral
malleolus

6.cm

C Base of 5th
metatarsal

Lateral view

Malleolar zone

Midfoot zone

When approaching the athlete, the focus should
be in finding the answer to these questions:

e Mechanism of injury

e Site of pain

* Bony or soft tissue tenderness
e Swelling

e Ability to bear weight

Given the strong correlation between the
mechanism of injury and diagnosis, identifying
the joint position at the time of injury is a useful
first step in the clinical evaluation.

The Ottawa ankle rules can guide physicians
on a systematic approach and avoid unnecessary
X-ray (Fig. 5.5).

When performing physical examination of
football athletes after what they consider “another
ankle sprain,” attention should be given to the
base of the fifth metatarsal. Varus alignment of
the knee and ankle, common in footballers, with
increased loads on the external aspect of the feet

B Posterior
edge or tip
of medial
malleolus

6.cm

D Navicular

Medial view

An ankle x ray series is required only if
there is any pain in malleolar zone and
any of these findings:
* Bone tenderness at A
* Bone tenderness at B
* Inability to bear weight both
immediately and in emergency
department

A foot x ray series is required only if
there is any pain in midfoot zone and
any of these findings
* Bone tenderness at C
* Bone tenderness at D
* Inability to bear weight both
immediately and in emergency
department

Fig.5.5 Ottawa ankle rules
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predisposes them to “stress” fractures of the fifth
metatarsal. Such fractures can become clinically
evident after a minor ankle sprain.

Special attention should be given to syndes-
motic ankle sprains or ‘“high” ankle sprains.
Pain/tenderness over the anterior syndesmotic
ligament, pain in dorsiflexion, inability to bear
weight, and a positive “squeeze test” should
raise suspicion of an injury to the syndesmosis.
The fact that there is often not much edema on
the external side of the ankle may confuse the
medical staff.

Lisfranc injuries also can occur in football and
are often misdiagnosed. An axial load on a plan-
tar flexed foot can be the mechanism of injury.
Pain will be disproportionate when comparing
with the physical findings. Weight bearing, single
toe raises, and mobilization of the middle foot
will elicit pain. These players should be with-
drawn from the game.

Conclusion

The sideline management of football inju-
ries is a difficult and complex task for team
physicians. Priority is to quickly triage
potentially life- or limb-threatening situa-
tions. Prompt assessment of neurovascular
and functional status by the sideline pro-
vider is required. Decisions have to be made
in a short time frame with no imaging
available.

One should rely on evidenced-based guid-
ing tools to help in decision-making on such a
difficult environment.

The safety of the player, especially in the
youth teams, should always be in the mind of
the medical staff.
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After the injury occurrence and the start of reha-
bilitation period, several factors need to be
addressed for a correct diagnosis, prognosis,
and progression throughout this period. The
progression should be carried in a way to assure
simultaneous quickest return of the player to
training and competition while minimizing the
risk of recurrence or future associated injuries.
To attend to the two latter conditions, the player
should fulfill a number of specific criterions, set
after the establishment of an accurate diagnosis
and a full comprehensive rehabilitation pro-
gram. While professional sport very often pres-
ents competition timings and very often
economic interests (for both entities and play-
ers) that may increase the demand of a quick
return to training and competition, the factor
time should never be taken in isolation for
decision-making processes.

6.1 Diagnosis

Establishing a correct diagnosis is a key aspect
for a right planning of a rehabilitation plan.
Diagnostic sequence and tests have been
addressed in other chapters of this book, accord-
ing to each type of injury. However, for the pur-
poses of a correct establishment of the
rehabilitation plan, there are four main issues that
are crucial for a correct diagnosis:

a
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Mechanism of injury — valuable information
to the diagnosis and further rehabilitation is
obtained solely for understanding how the injury
happened, not only because different mecha-
nisms will typically affect different anatomic
locations [1] with different healing characteris-
tics and rehabilitation needs but also because a
proper reeducation of the injury gesture should
be achieved before a return to training. This could
be, e.g., a progression in running speeds and
distances while sprinting in the case of hamstring
injuries sustained under this mechanism, or a
progressive shooting plan after a rectus femoris
muscle strain, also if this was the gesture respon-
sible for the injury.

Previous injury — history of previous inju-
ries in the same location as the injury currently
under examination or it is also a valuable
addiction when collecting information from
the player. This fact is especially related with
(re)injury risk as it is from general consensus
that a previous injury increases the risk for (re)
injury [2].

Location — the importance of the injury loca-
tion is specifically related with the healing prop-
erties of the injured tissue due to vascularization
issues or factors such as load absorption which
may predispose more the structure to failure if
compared with locations with less demands
regarding the latter.

Grade — the aim of grading is to reflect the
extension of the injury, after a location is identi-
fied. Although there is ongoing discussion around
the currently grading systems for certain types of
injuries [3, 4, 5], a higher or lower grade of an
injury is generally related with its prognosis.

6.2 Healing Stages and Loading

Throughout Rehabilitation

For a correct implementation of a rehabilitation
plan, it is essential to understand the course of
healing after injury, either if this refers to a minor

joint injury such as a grade I sprain or a postsur-
gery process. Loading through exercise is an
essential component of a rehabilitation plan, once
it will be through loading the right stimulus for
human tissue proliferation and collagen synthe-
sis, components of all types of musculoskeletal
structures [6, 7, 8, 9]. It will also be through the
form of strength training and other types of exer-
cises (e.g., neuromuscular control, balance,
mobilization) that improvements in the tolerance
thresholds of load absorption by the injured
structured will be achieved, allowing progres-
sions during the rehabilitation. However, this
loading input through exercise needs to be
adapted or even suspended according to the
injury nature and the stage of the healing process,
in order to not compromise the latter; otherwise,
it may result in a delayed or insufficient
rehabilitation.

Therefore, one have to attend that if in a mus-
cle injury addressed conservatively, the acute
stage and protective phase after injury may
require no more than a few days, with loading
through full weight bearing and strength exer-
cises starting after 3 to 5 days post injury, modi-
fied according to the athlete’s tolerance, the same
will not be applied after, e.g., a fracture, in which
immobilization and protection are normally
required for longer periods.

6.3  Progression Criterion

The importance of establishing markers for pro-
gression during sports injury rehabilitation will
have the double purpose of helping to implement
a plan of treatment to achieve the goals of each
stage while also promoting a safe progression
and therefore decreasing the risk of setbacks or
reinjury.

We can define “Progression criteria in reha-
bilitation as a combination of subjective and
objective markers that the athlete must fulfill
before progressing in the treatment program,
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considering the biological healing process, injury
risk factors, and injury mechanism.” These mark-
ers are established considering several clinical
and functional parameters, and although there are
some minor variations between musculoskeletal
structures (e.g., the presence of visual effusion
should be addressed when assessing a joint such
as the knee and the ankle, while a muscle does
not present an identical typical sign), most
of them are similar across different injury
locations.

Acute stages following characterized by
inflammatory signs such as pain, swelling, and
redness along with functional limitations such
as loss of range of motion and strength or intol-
erance to weight bearing in case of lower limb
injuries are normally present in a first moment
and should be controlled before progressing to
the following stage. Decreases in these acute
signs and strength and range of motion improve-

ments, tolerance to weight bearing, or decreases
in pain during daily life activities (e.g., for
lower limb injuries) are normally signs that
indicate that the affected area is ready for a pro-
gression. Higher markers of functionality such
as maximum strength capability, full range of
motion, and ability to full weight bearing while
performing neuromuscular control and balance
tasks are additional indicators to allow progres-
sion until a final stage where specific football-
related tasks are introduced during monitored
outfield work.

For a better understanding of the practicality
of these markers, we suggest an example of
progression for a grade 2 muscle injury during
the course of rehabilitation. Fig. 6.1 shows how
to link the different stages during the progres-
sion of the rehabilitation and the markers that
should be reached before introducing load
increments to the injured muscle.
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71 Introduction

The athlete’s body is in constant adaptation, i.e.,
the mechanotransduction phenomenon in stricto
sensu and all the genotype-environment interac-
tions in lato sensu occur in a continuum, deliver-
ing structural and functional effects which have
their implications for recovering, maintenance,
and development of the human organism. Part of
these effects can be somewhat predictable, and
therefore we can establish goals such as motor
and physical improvements. This is possible
through specific exercise prescription that can
offer recovering, enhancing, and/or preventive
physical and functional alterations. This has par-
ticular importance in the lower limb injuries
since epidemiological studies clearly report the
high incidence and severity in this body segment
[1, 2]. Among etiological factors, several are
non-modifiable such as height, race, genetic and
hereditary factors, gender, bone morphology, and
others [3, 4]. In which concerns modifiable fac-
tors, it is crucial to know the etiology and risk
factors related with the different injuries. It is
indispensable to comprehend the regional sports
biomechanics, the interdependence with the other
body segments, and the cross implications within
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skeleton, passive stabilizers, nervous system,
muscular actions, and, clearly, normal function-
ing of all the other organic systems. Nonetheless,
within the particular scope of human motion, the
subsequent discussion aims a succinct and
integrative overview on global lower limb func-
tion. Thus, lower limb kinematics, passive and
active stabilizers, and kinetics determinants are
implied for targeted, safe, and effective perfor-
mance. Even so, all this acting together and prop-
erly is not, by its own, a warranty of safeness and
high performance for footballers. It has been
reported the factors such as kinesiophobia, being
more likely after a severe injury such as an ante-
rior cruciate ligament tear, may impair signifi-
cantly the ability to return and perform at the
previous level [5-7].

7.2  Motor Control is a Challenge
Dynamic and static stability, normal patterns of
motion, and limb symmetry, when suitable for
motor goals, require integrity and correct align-
ment of lower limbs and different structures to
function adequately and synergically. In fact,
when high-intensity and multiplanar dynamic
actions are in play, there is an impressive need to
a complex interplay between different segments
based on an almost perfect formula for force dis-
tribution over joints, time, and space, leading to
safe and goal-oriented motor skills.

7.3  Lower Limb Dysfunction:

Theoretical Rationale

Beyond the classification, degrees of free-
dom, movement patterns, and normal range of
motion of the major joints (Tables 7.1, 7.2, and
7.3) [8] — without underestimating the relevance
of foot joints for biomechanical behavior of the
all superjacent joints — we intend to draw atten-
tion to abnormal conditions that can result or
lead to lower limb dysfunction and predispose to
injury and/or performance impairment or rein-
jury. In which concerns laxity, understood as
described by Musahl et al. [9] as the passive

Table 7.1 Type, degrees of freedom, movement patterns,
and range of motion of the hip joint

Range

Joint Plane Movement of motion
Hip Sagittal Flexion 120
(ball-and- Extension 120
socket Hyperextension 20
synovial
joint)

Frontal Adduction 25

Abduction 40
Transverse Internal rotation 45

External rotation 45

Table 7.2 Type, degrees of freedom, movement pat-
terns, and range of motion of the knee joint

Range
Joint Plane Movement of motion
Knee Sagittal Flexion 135
(synovial Extension 135
hinge Hyperextension 0
joint)
Frontal None None
Transverse Rotation (full 0
extension) 45
Rotation (70°
flexion)

Table 7.3 Type, degrees of freedom, movement patterns,
and range of motion of the ankle joint

Range of
Joint Plane Movement motion
Ankle Sagittal Plantar flexion 45
(synovial Dorsiflexion 20
hinge joint)
Rearfoot and ~ Multiplanar Inversion 35
midfoot joints Eversion 15

articular response to an externally applied force
or torque, and particularly taking as example
posteroanterior knee laxity resulting from ante-
rior cruciate ligament rupture [10-12], it corre-
lates with higher peak of ACL strain in situations
of anterior tibial translations and cadaveric sim-
ulated landing [13]. Thus, this arthrokinematic
permissiveness (which can be greater if we add
other ligaments with potential insufficiency or
major menisci tear) along with perturbations
driven by motor tasks [14] and specially by
dynamic high-risk activities may cause an insta-
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bility with large and unpredictable displace-
ments [15]. Moreover, it is of utmost importance
to lunch several hypotheses and acknowledge
evidences on the risk that a lack of motor con-
trol, stability [16, 17], and biomechanical asym-
metries [18] may arise. Therefore, all the
previous alterations consubstantiate a dysfunc-
tion that may result in severe injuries which
implies great health and economic and societal
losses. Going back to the basics of normal func-
tion of the lower limb and recalling some evi-
dence on potentially modifiable risk factors for
reinjury [17], it is imperative to understand that
frontal, sagittal, and transversal planes embrace
a multitude of biomechanical behaviors, in rela-
tion with the degrees of freedom of each joint,
structural and functional integrity of passive sta-
bilizers, and, particularly, performance delivered
for active stabilizers that can become outstand-
ing motor skills or turn into biomechanical risk
factors. An osteokinematic abnormal range of
adduction and internal rotation of the femur may
be a matter of kinetics, motor control, or both,
i.e., a lack of strength can exist or an inadequate
recruitment of the hip abductors and external
rotators or even both scenarios may concur.
Nevertheless, if we have a footballer with
increased dynamic valgus (Fig. 7.1) [19] and this
rises the odds of a ACL rupture, there is a need
to deliver the most efficient strategies for motor
learning enhancement, such as those based on
external focus of attention which increase the
effectiveness in learning safe movement tech-
niques [20, 21]. The importance of what was
previously said may be stressed out bringing for
discussion the scarce 40 msec in which an ACL
rupture may occour seen as a consequence of an
altered/discoordinated pattern of motion at land-
ing, i.e., no time for muscle preventive actions at
in the time window meaning that we need to
improve through motor learning landing safe
techniques to reduce incidence of sports injuries
[19, 22, 23]. This chapter should help the reader
to recall the importance and the need to focus on
deviations from normal function, taking as
example some evidence and critical thinking
concerning the knee but with theoretically trans-
fer for the other joints.

Fig.7.1 Dynamic valgus at landing
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8.1 Whatlsit?

Biomechanics is a discipline among the sciences
derived from the natural sciences, which deals
with physical analysis of biological systems,
therefore, the physical analysis of the human
body movements. When dimensioned biome-
chanics in the context of related sciences, whose
aim’s to study the movement, we must remember
that this scientific context rests on two fundamen-
tal facts: (a) the biomechanics has clearly defined
its subject matter, thus defining its basic structure
of knowledge, and (b) the results of investiga-
tions are obtained through the use of scientific
methods [20, 22, 35].

As opposed to a rigid body, the biological
structure of the human body allows the production
of strength through muscle contraction, which
turns the body into an autonomous and indepen-
dent system. In this way, science is define that
describes, analyses and models biological systems
as the biomechanics and then a highly interdisci-
plinary science of relations given the nature of the
phenomenon investigated. Thus, the biomechanics
of movement seeks to explain how the waveforms
of the bodies of living things happen in nature
from kinematic indicators and dynamic. Through
sport biomechanics and their areas of expertise
applied, we can analyse the causes and parameters
related to sports movement. So, it is considered the
movement as the central object of study and
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analysing causes and effects generated for the
optimization of income [20, 25, 44].

In the field of sports movement analysis area,
overloading the normal behaviour of the joint and
the effects of motor mechanisms in the learning
process are examples of topics that relate to the
diagnosis of sports technique. Therefore, we
refer also to biomechanics of sport, dedicated to
the study of the human body and the sporting
movement relative laws and physical-mechanical
principles including anatomical and physiologi-
cal knowledge of the human body. In the broadest
sense of its application, it is still the task of bio-
mechanics of sport, characterization and optimi-
zation of motion techniques through scientific
knowledge which delimit the operating area of
science that has the sports movement [22, 39].

The biomechanics can be divided into internal
and external, given the large difference in their
approach and application. The internal biome-
chanics is concerned with the internal forces trans-
mitted by the internal biological structures of the
body, such as muscle strength and strength in the
tendons, ligaments, bone and articular cartilage,
among others. The determination of the internal
forces of the muscles and joints still represents a
methodological problem not fully resolved in bio-
mechanics but surely if it constitutes fundamental
basis for better understanding of criteria for motion
control. The external biomechanics constitutes the
parameters for quantitative and/or qualitative
determination referring to the place change and
position of the human body in sports movements,
with the aid of descriptive measures kinematic
and/or dynamic therefore those which refer to the
observable characteristics outside the structure
movement [20, 29].

8.2  Football Injuries

The risk of injury is present in all sporting activity.
However, prospective and retrospective research
studies have described the risk of injury in football
as considerable and high compared to other sports.
Certain risk factors can make football more dan-
gerous than some high-risk industrial occupations,
such as agriculture and construction [4, 24].

Suffering an injury can have physical, psy-
chological and financial consequences for the
player. For example, a loss of playing time can
cause a reduction in revenue from supporters
wanting to see the best players. Teams may also
fail to do as well in competitions, which can
directly influence the prize monies won and fur-
ther discourage supporters from watching their
team. Furthermore, if the player continues to
train and/or compete with an injury, their perfor-
mance could be impaired, which could lower the
chance of being successful. Also, if these injuries
are repeatedly sustained, they can have long-term
effects on the participant’s mental and physical
well-being. In the most extreme case, multiple
minor injuries can lead to a more serious injury
and ultimately result in the player having to retire
early.

Treatment of injury is also a huge financial
burden on the health service. Sports and exercise
contribute significantly to this high cost of treat-
ment. Serious injury can also affect their long-
term health of both professional and amateur
football players as they may be unable to partici-
pate in an active lifestyle, if the injury becomes
untreatable. Therefore, the pain and discomfort,
along with the frustrations that come from the
rehabilitation of injury, and the high financial
cost provide clear reasons for research into the
understanding and prevention of injury risk in
football [32, 35, 37].

Van Michelin, Hlobil and Kemper presented a
four-step paradigm by which the prevention of
injury could be addressed [44]:

Step 1: To establish the extent of the sports injury
problem

Step 2: To establish the specific aetiology (risk
factors) and mechanisms of injuries

Step 3: To introduce preventative measures

Step 4: To assess the effectiveness of the preven-
tative interventions by repeating step 1

Steps 1 and 2 of this framework are used in
this literature review to discuss the existing
research that relates to the occurrence and
severity of certain football injuries. It is also used
to highlight the biomechanical characteristics of
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football players while experiencing the various
risk factors. In addition, the framework is used to
identify research that is needed to further knowl-
edge behind the characteristics of football play-
ers when these injuries potentially occur and the
interventions presently prescribed to reduce simi-
lar injuries in other sports [44].

8.2.1 Problem in Football Injury
Football is one of the most popular sports world-
wide and requires the player to have considerable
stamina while superimposing sprinting, jumping,
tackling, rapid changes of direction and kicking.
This contact sport has a significant risk for acute
and overuse injuries.

The term football injury encompasses all inju-
ries that occur during participation which vary in
terms of their anatomical location and severity.
Therefore, the overall injury value does not pro-
vide enough detail into which injuries are the
most common and as such isn’t particularly use-
ful, when trying to lower the occurrence of injury.
Instead, it is more valuable to identify the spe-
cific, most problematic injuries which are the
largest contributor towards the high rate of injury
found in football. As such, it may be possible to
apply suitable interventions to lower the risk of
these specific injuries [35, 36].

Due to the bipedal nature of football, many
injuries occur to the lower extremity. Across this
region, the ankle and knee joints are most com-
monly injured, with muscle and tendon strains
and ligament sprains being consistently reported.
However, although these sites are most common,
the risk of injury to these regions can vary
throughout the year [30, 32].

In sports such as football that start in summer
and early autumn, the risk of injury can increase
during this time. Woods et al. observed the pres-
ence of an early season bias towards certain inju-
ries, which is not typically reported in summer
football competition or indoor sports such as bas-
ketball. These injuries are generally less severe
than those experienced at other times, with a sig-
nificantly greater percentage of slight and minor
injuries being observed. However, it has been

shown that the experience of an initial injury will
put the participant at a considerably greater risk
of reinjury at a later date. Indeed, one third of
football players who experience a minor injury in
the first instance, sustaining a more serious injury
at the same location. Likewise, in response to the
first injury, participants may change their move-
ment patterns. This can put other previously less
used structures at an increased load and unex-
pected stress, accentuating the risk of a new
injury to result. Therefore, much of the high
injury rate observed in football may be reduced
by establishing the causes of the most common
injuries during the preseason period [53].

Biomechanics of Football
Injury

8.3

Sports medicine professionals use biomechanical
principles to understand injury mechanisms,
select appropriate injury prevention and rehabili-
tation protocols and monitor recovery. The quali-
tative analysis of exercise technique can help
sports medicine professionals ensure that the cli-
ent’s technique achieves the desired training
effect. Qualitative analysis of therapeutic exer-
cise also requires an interdisciplinary approach,
especially integrating clinical training and expe-
rience with biomechanics. Other issues sports
medicine professionals must take into account
beyond biomechanical principles are pain, fear,
motivation and competitive psychology [29, 38].

Biomechanical studies on injuries in football
are increasing, and the need to optimize the
recovery and avoidance of injuries has largely
focused on the two most frequently injured joints,
the knee and ankle, but the most common injuries
in football are the muscle and tendon injury.

8.3.1 Biomechanics of Pelvis, Hip

and Groin Injury

The biomechanical studies that evaluate the pelvis
movement in football were poor. The pelvis con-
tains the centre of gravity of the body and acts as
the fulcrum for all athletic movement in football.
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Anatomically and functionally, this area is
extremely complex with several mobile and fixed
articulations associated with powerful muscle
groups, aponeuroses and ligaments that make it
difficult to calculate accurately forces and associ-
ated moments [54].

The hip joint is the main area of the pelvis that
has been formally evaluated biomechanically
with in vivo prosthesis monitoring. The hip effec-
tively acts as a multiaxial ball-and-socket joint
upon which the upper body is balanced during
stance and gait. Stability of this joint is critical to
allow motion while supporting the forces encoun-
tered during activity. Nearly all motion between
the femoral head and acetabulum is rotational,
with no detectable translation because of the con-
gruency of the articulating surfaces. The high
degree of articular congruency is provided by the
bony architecture of the joint and the acetabular
labrum, articular cartilage, joint capsule and sur-
rounding musculature [1, 6, 16, 38, 43, 47].

The joint reactive forces calculated through
the hip joint are five times the body weight while
jogging and over eight times the body weight
during athletic activity or stumbling. These forces
are further increased in single stance, which com-
monly occurs in football with kicking, jumping
or cutting-in.

The labrum is a complex structure consisting
of a fibrocartilaginous rim composed of circum-
ferential collagen fibres spanning the entirety of
the acetabulum and becoming contiguous with
the transverse acetabular ligament. The complete
physiologic function of the labrum is not entirely
defined, but it appears to serve multiple purposes
including a limitation of extreme range of motion
and deepening the acetabulum to enhance the sta-
bility of the hip joint. The labrum contributes
approximately 22% of the articulating surface of
the hip and increases the volume of the acetabu-
lum by 33%. In athletic motion, the labrum
undergoes shearing forces while limiting femoral
head motion, which can result in acute labral
tears or chronic degeneration. Indeed, in retired
football players, there is a high incidence of pre-
mature hip osteoarthritis, and there is now an

increasing recognition of osteochondral and
labral injuries occurring during active playing
careers [6].

In football, considerable reactive forces also
act through the anterior pelvis, in particular the
symphysis pubis, inguinofemoral aponeuroses
and parasymphyseal muscles. The symphysis
pubis and rami function as an effective strut
modulating reactive forces between the lower
limbs and axial skeleton. Biomechanical studies
have attempted to reproduce running and single
stance forces in fresh cadaver pelvis and mea-
sured forces of the order of 300 N across the
symphysis with normal relative pubic body
movement of up to 2 mm in the vertical plane.
The pelvis is normally tilted anteriorly in rela-
tion to the hip and lower limb, and this relation-
ship must be maintained through all the complex
athletic movements that occur in football. This
core stability is thought to be crucial for normal
and repetitive athletic activity of the pelvis,
which in turn acts as the stabilizer for effective
athletic function of the lower limb kinetic chain.
Studies have shown that preseason weakness of
the hip abductors and external rotators predis-
poses to lower limb injury and decreased adduc-
tor function predisposes to further ipsilateral
adductor injury [1, 16].

In football players, a prospective study of the
elite teams in UEFA during seven seasons found a
total of 628 hip/groin injuries accounting for
12-16% of all injuries per season. Acute groin
injuries in football include myotendinous strain of
adductor longus or abdominal muscles, but have a
good response to rehabilitation. Chronic injury
and pain in this region may be career ending as it
can be extremely difficult to diagnose and treat
effectively. The increased incidence of chronic
injury in sports that require constant cutting-in
may relate to chronic shearing forces being further
exacerbated, if the player develops one dominant
leg and is commonly in single stance. Groin injury
has been described more frequently in football
players and is a significant problem estimated to
constitute 10% of acute and 18% of chronic foot-
ball-related injuries [12, 16, 17, 54].
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8.3.2 Biomechanics of Knee Injury

Knee injuries are prevalent among a variety of
competitive sports, especially those that involve
sprinting, jumping and landing both with and
without passing a ball, cutting-in and direct
impact. The incidence of knee injuries during
competition is 15-19% of all injuries. Of these,
35-37% are strains, 20-21% sprains and 16-24%
contusions. However, knee injuries account for
58% of all major injuries. Two of the most com-
mon sports-related knee injuries are patellofemo-
ral pain syndrome (PFPS) and anterior cruciate
ligament (ACL) injuries [14, 31].

The three main factors that contribute to an
increased risk of knee injury in football are the
age of the player, a previous injury and the liga-
mentous status of the knee. Females sustain more
injuries during training than males, whereas
males sustain more injuries during competition,
and particularly during competition in contact
situations, with the tackled player being the more
susceptible to injury. The playing environment
has a role, with a higher number of injuries in
indoor football, of which the majority are non-
contact. It is not surprising that foul play was
identified as a risk for a major knee injury, with
20% of illegal activity-related knee injuries
requiring surgery [15, 43].

The high incidence of major knee injuries in
female players is of great concern. The majority
are non-contact injuries that occur with a change
in direction. Many aetiological factors have
been considered and include anatomical and
structural differences between men and women,
muscle strength and neuromuscular activation
patterns as well as hormonal influences on knee
stability. Although there has been little reported
gender-related difference in injury patterns else-
where in the body, there seems to be a signifi-
cant increase in the incidence of non-contact
internal derangement of the knee in female foot-
ball players relative to male counterparts [2].

The different biomechanics of muscle and
joint recruitment in running and especially land-
ing after jumping have been studied in female

football players and matched male controls.
When an athlete lands on one leg after jumping,
considerable translational force is produced
across the knee joint. This is increased in sports
where the athlete wants to push off immediately
in another direction, requiring forceful thigh
muscular contraction resulting in further femur
rotation and ligament stress. Muscular recruit-
ment can significantly modify the degree of
knee flexion and stress directed across the joint,
with the hamstrings in particular acting to
decrease tibial anterior translation. Concomitant
injury or fatigue of these muscles can precipi-
tate a serious knee injury on landing as more
force is transmitted through the knee ligaments
alone.

8.3.2.1 ACL Injury

ACL injuries have the highest morbidity of knee
injuries for football players and result in the
most time lost. The incidence of ACL injury
ranges from 0.06 to 3.7 per 1000 h of active
football play, with females being two to eight
times more likely to sustain non-contact ACL
injury than males. ACL injuries occur as a result
of a combination of a deceleration and twisting
on a planted foot with an extended or near fully
extended knee. The result is a varus or valgus
strain combined with internal or external rota-
tion of the tibia on a fixed foot, combined with
an anterior translation force. The player usually
describes a “popping” feeling with a sensation
of giving way. The presence of a knee haemar-
throsis is positive for an ACL injury in 70% of
cases [13, 15, 43].

The active patient with an ACL-deficient
knee is at risk for repeated episodes of instabil-
ity, meniscal and articular cartilage injury, early
joint degeneration and a decline in joint func-
tion. There is a large variation in the manage-
ment and rehabilitation approach by surgeons on
different continents. Few football players are
able to remain competitive with an ACL-
deficient knee despite strengthening and brac-
ing, and surgical reconstruction should be
recommended for all players wishing to continue
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the sport. Surgery is usually delayed to start
‘pre-rehabilitation” until the swelling has sub-
sided and near to normal range of motion has
been achieved [4, 24].

Successful return to a pre-injury level of
football is possible, although the success rates
may vary from 50% to 90%. Players participat-
ing at a higher level of competition tend to have
a more successful outcome. Recent studies spe-
cific to football have shown that a high percent-
age of players studied gave up football because
of poor knee function or fear of a new injury
regardless of the treatment. The role of neuro-
muscular control, proprioception and landing
error assessment has now been successfully
employed in the reduction of ACL injuries
through the institution of preventive pro-
grammes [19, 51].

8.3.2.2 Patellofemoral Pain Syndrome
(PFPS)

Several factors have been implicated in the aeti-
ology of PFPS. The aetiology remains uncertain,
which identified three major predisposing fac-
tors: bone abnormalities, malalignment of the
lower limb, and muscle-tendon imbalances and
periarticular soft tissues.

(a) Bone Abnormalities

With the knee in full extension, the patella is
in a higher position on the femoral trochlea. As
the knee flexion is initiated, the distal portion of
the rod comes into contact with the lateral femo-
ral condyle, between 10° and 20° bending. Then
the patella describes an S curve during their con-
tact with the femoral trochlea, linking up with the
femur in the distal-proximal direction as the
bending increases from 30° to 90°. The 120° con-
tact between the patella and femur is small,
remaining only the most proximal facet in con-
tact with the femur. The configurations of the
femoral condyles, with greater prominence of
lateral V shape, and the patella are two key fac-
tors in maintaining the patella centred in the
trochlea. Different degrees of dysplasia of the
femoral trochlea can compromise the effective-
ness of static stabilizer contributing to greater

instability femoropatellar joint. The asymmetry
of patella aspects also contributes to a decrease in
congruence. The normal ratio of the lateral to
medial facet is 3:2; this lateral facet is longer and
more oblique corresponding to higher and wider
lateral femoral condyle [49, 50, 51]

(b) Bad Lower Limb Alignment

The misalignment of the lower limbs has
been considered a determining factor in the
development of PFPS. Significant deviations in
the secondary alignment patellar femoral ante-
version, valgus knee, external tibial torsion and
excessive subtalar pronation can contribute to
the onset of femoropatellar pain by increasing
the contact pressure between the patella and the
facet trochlear lateral. The study of cadaveric
knees showed that the femoral anteversion leads
to an increase in contact between the patella and
the lateral surface of the trochlear pressure that
can theoretically trigger patellar symptomatol-
ogy. The Q angle measurement is used in clini-
cal practice as an indicator of a possible
misalignment of the lower limb. Many authors
consider that a Q angle greater than 15-20° is a
risk factor for the development of PFPS to con-
dition a lateral deviation of the alignment rod;
however, only few patients with PFPS feature a
Q angle higher than normal, and many people
with increased Q angles show no complaints.
We conclude, therefore, that the Q angle is just
one of multiple etiologic factors that determine
the appearance of PFPS [49, 52]

(¢) Imbalances in Muscle-Tendon and Periarti-
cular Soft Tissue

The balance established between the medial
and lateral heads of the quadriceps is one of the
most important anatomical factors in the dynamic
stabilization of the patella. Lateral dynamic
forces are produced by the vastus lateralis, biceps
femoris, gluteus and tensor fascia lata, through its
inclusion in the iliotibial band and lateral reti-
naculum. The vastus is responsible for producing
a force vector with medial direction and the vas-
tus medialis muscle (VM) considered the leading
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medial stabilizer of the patella. In situations of
weakness or late activation of the VM, the lateral
forces acting on the bearing exceed the medial,
which results in an increase in its lateral mobility.
Anomalies of periarticular soft tissues may also
affect biomechanics of femoropatellar joint.
Retractions of the quadriceps, hamstrings, ilio-
tibial band and peripatellar retinacula, contribute
to an increase in the contact pressure between the
lateral patella and femoral trochlea and lateral
displacement of the patella [49, 52]

8.3.3 Biomechanics of Ankle Injury

The ankle is one of the most common acutely
injured areas in football players with a reported
incidence of 17% of all injuries, most of them
occur during activity between the ages of 15 and
35 years. The ankle is exposed to stresses during
sprinting, sudden changes of direction and tack-
ling and the actual kicking mechanism [3, 8, 48].

8.3.3.1 Lateral Complex Injury

In the neutral position, the bony anatomy of the
ankle joint is responsible for the stability. Bone
stability is increased by the compressive loads on
the body loading position. Stormont demon-
strated that, under load, the joint surface provides
rotational stability of 30% and 100% stability
inversion. In no load conditions, stabilization is
promoted by the ligamentous structures. With
increased plantar flexion, bone containment is
decreased, and the soft tissues are more prone to
injury. The main side stabilizing soft tissue ankle
ligaments is the lateral ligament complex: the
anterior talofibular ligament (ATFL), the calca-
neofibular ligament (CFL) and the posterior talo-
fibular ligament (PTFL) [5, 7, 10, 11].

The ATFL really is nothing more than a thick-
ening of the tibiofibular cover that comes from the
leading edge and the tip of the lateral malleolus
and earlier runs to insert into the talar neck. Its
width is 6 mm to 10 mm, 20 mm length and 2 mm
thickness. It runs almost parallel to the neutral axis
of the foot. When the foot is in plantar flexion,
however, the ligament runs parallel to the leg axis.
Due to most sprains occur when the foot is in plan-

tar flexion, this ligament is the most frequently
involved in twisting inversion [7, 11, 18, 50].

The CFL originates at the tip of the lateral
malleolus and runs with a slight posterior tilt to
the side portion of calcaneus. The ligament is
extra-articular and is positioned below the pero-
neal tendons. It has 20 mm to 25 mm long with a
diameter of 6 mm to 8 mm. Since this ligament
runs more perpendicular to the axis of the foot in
a neutral position, isolated breaks are less com-
mon with the typical lesions in plantar flexion. It
is most commonly ruptured during moderately
severe kinks when rupturing the ATFL, and the
lesion progresses around the outer side of the
ankle, also breaking the CFL. Isolated lesions
may occur but are rare and occur when the liga-
ment is under maximum stress on the foot in dor-
siflexion [7, 11, 18, 50].

The PTFL emerges from the posteromedial
portion of the lateral malleolus and runs posterior
medially to the posterior process of the talus. It
has an average diameter of 6 mm. The ligament is
under maximum stress when the foot is in dorsi-
flexion. Isolated lesions of PTFL are extremely
rare. Many injuries occur as a result of a very
serious ankle sprain, when both ATFL and CFL
were previously severed at break of PTFL while
the lesion progresses around the lateral side of
the ankle.

The ATFL and PTFL contain the anterior and
posterior displacement, respectively, of the talus
relative to the tibia and fibula. The CFL limits
calcaneal inversion in relation to fibula.

8.3.3.2 Deltoid Injury

The deltoid ligament, fan-shaped, is composed of
a vertical surface layer and an innermost layer,
smaller and horizontal. The surface part consists
of the above tibionavicular ligament, the liga-
ment in tibiocalcaneal means (originating from 1
or 2 cm above the tip of the medial malleolus and
inserted into the sustentaculum tali of the calca-
neus) and subsequently linking tibiotalar surface.
The deepest horizontal layer of the deltoid liga-
ment is the strongest ligament posterior and ante-
rior tibiotalar. The deepest layer is most important
for ankle stability than the superficial layer.
During the mobility of the ankle, however, all
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parts of the deltoid ligament function as a single
unit, giving static support for the ankle in abduc-
tion, eversion and pronation of the foot. The
tibionavicular ligaments and medial tibiocalca-
neal ligament give stability to both the subtalar
joints and hock, while the deep tibiotalar liga-
ments are solely responsible for the medial sta-
bility of the hock joint [33, 34].

Isolated lesions of the deltoid ligament are
very rare. In a number of acute injuries of 281
ankles studied by Brostrom, only 3% of these
were located on the medial side. Almost all of
the medial side injuries were partial ruptures of
the ligament. Complete ruptures of the deltoid
ligament most often occur in combination with
ankle fractures. In reviewing Harper, of the 42
patients with complete deltoid ligament rup-
tures, all were associated with other injuries.
The three major characteristics of the deltoid
ligament injury mechanisms are due to prona-
tion-abduction, external rotation and pronation-
supination-external rotation of the foot. The first
component describes the position of one foot,
and the second indicates the relative mobility of
the foot when the supported leg rotates. Then in
injury-prone abduction, the foot is supported in
pronation when the body falls to the lateral side
of the foot, exerting great force abduction ankle
and deltoid ligament. Since the forces required
to damage the strong deltoid ligament are great,
the injury usually continues for syndesmosis and
the action of the lateral malleolus on the side of
the talus [18].

8.3.3.3 Syndesmosis Injury

The tibiofibular syndesmosis is a structure that
maintains the relationship between the distal tibia
and fibula. The syndesmosis consists of four
components: anterior inferior tibiofibular liga-
ment (AITFL), posterior-inferior tibiofibular
ligament (PITFL), transverse ligament and inter-
osseous membrane. The anterior and posterior
tibiofibular ligaments are attached superiorly and
medially to the tibia and inferiorly and laterally
to the fibula. The most distal aspect of the lower
tibiofibular ligament and posterior tibiofibular
ligament is called transverse.

There is a small groove on the distal tibia
where the fibula rotates on its vertical axis during
plantar flexion and dorsal ankle. The AITFL and
PITFL are responsible for holding the fibula in
the groove. The interosseous membrane melts in
the anterior and posterior tibiofibular ligaments
in approximately from 1 cm to 2.5 cm on the
talus dome. This place remains the top connect-
ing adjacent rough surfaces of the tibia and fib-
ula. The AITFL controls the external rotation and
posterior displacement of the fibula with respect
to the tibia, but all three tibiofibular ligaments
prevent excessive lateral displacement of the fib-
ula. The lateral displacement of the fibula will
cause increased ankle shroud [18, 42, 45].

Diastasis syndesmosis occurs with partial or
complete rupture of the syndesmosis complex.
Isolated complete syndesmosis injuries are rare,
and there is relatively little information in the lit-
erature on the ankle diastasis in the absence of
fracture.

Partial ruptures of the lower tibiofibular liga-
ments, however, are not common. As the above
isolated breaks, they occur most commonly in a
violent external rotation of the foot while the
ankle is in dorsiflexion. Isolated partial syndes-
mosis injuries occur with some frequencys; it is
much more common for the associated injury
with a fracture and/or deltoid ligament injury.
The frequency of the syndesmosis disruption is
directly related to the type and level of associated
fibular fractures. This is predicted by Lauge-
Hansen in his injury mechanism for the classifi-
cation of ankle fractures. In this classification
scheme, ligament injuries or fractures occur
when the lesion pattern continues around the
circular mode ankle. The most characteristic
syndesmosis injury mechanism is from the
pronation-external rotation of the foot. Then in
the pronation-external rotation injury the foot is
placed prone with the rotations of the body and
causes the relative external rotation of the foot. It
has a lot of strength, first in the deltoid ligament,
then the anterior inferior tibiofibular ligament in
the shaft above the syndesmosis and finally the
posterior-inferior tibiofibular ligament. Since the
forces required to completely break the strong
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deltoid ligament are so great, the injury usually
continues through the syndesmosis like a strong
lever arm of the lateral malleolus on the side of
the talus [21, 27, 43].

8.3.4 Biomechanics of Muscle
and Tendon Injury

Muscle and tendon injuries occur at areas of tran-
sition (anatomical or functional) because these
sites represent potential weaknesses in the func-
tional unit involving the muscle, tendon and
bone.

8.3.4.1 Muscle Injury

Muscular strains of the lower limb are among the
most common injuries in sport. They make up
one third of all referrals to sports physicians, and
their frequency and disabling effect is well docu-
mented. Hamstring injuries in particular are the
most common type of muscular strain to effect
the lower limb in the elite athlete.

Muscle injury to the thigh is the single most
common injury subtype in top-level football and
accounts for 23% of all injuries. The risk of sus-
taining a thigh muscle injury is 1.6/1000 h of
exposure, which means that a team with 25 play-
ers in the squad can expect (as a mean) ten such
injuries each season [23, 27, 40].

Although nonsurgical treatment results in a
good prognosis for most athletes with muscle
injuries, the consequences of treatment failure
may be dramatic, postponing the return to physi-
cal activity for weeks or even months. Knowledge
of certain basic principles of the regeneration and
repair mechanisms of skeletal muscles may help
to avoid imminent hazards and accelerate the
return to sport.

Muscle fibres generally originate in a bone or
in dense connective tissue and insert in another
bone through a tendon insertion. There are mus-
cles that cross one or more joints to generate
movement. Muscles with a tonic or postural
function are generally wide, planar and located
at a single joint with a low contraction velocity
and a capacity to generate and maintain large

contractile force. They are generally located in
deeper compartments. Muscles involving two
joints have greater contraction velocity and
greater capacity to change length, but less capac-
ity to withstand tension. They are generally
located in superficial compartments. With regard
to shape, fusiform muscles allow greater range
of motion, while pennate muscles have greater
contractile strength. Fibre length is an important
determinant of the quantity of contraction pos-
sible in a muscle. Since myofibrils generally
present oblique distribution within a muscle
belly, they are generally shorter than the total
length of the muscle [4, 24, 43].

Muscle injuries can be caused by bruising,
spraining or laceration. More than 90% of all
sports-related injuries are bruises or sprains. On
the other hand, muscle lacerations are the least
frequent injuries resulting from sports. The ten-
sile force exerted on a muscle may lead to exces-
sive stretching of the muscle fibres, and
consequently a tear closes to the muscle-tendon
junction. Muscle sprains are typically observed
in the superficial muscles that work by traversing
two joints, such as the rectus femoris, semitendi-
nosus and gastrocnemius muscles [4].

Acute injuries commonly occur at the distal
myotendinous junction of rectus femoris, proxi-
mal or distal myotendinous junction of biceps
femoris and the myotendinous junction of the
gastrocnemius-soleus. Other potential areas of
injury include the muscular-aponeurosis junction
or midsubstance tear. Although avulsion of the
iliac spine epiphysis is not an uncommon injury
from tackling and kicking in adolescents, avul-
sion or a proximal injury of rectus femoris in
skeletally mature players is rare. This type of
injury may occur in goalkeepers, presumably
involving the transition zone at the interface of
the straight and reflected tendons of rectus femo-
ris. In the goal kicks, these players strike the dead
ball from their goal area into the opposition half.
To generate this power, the kicking leg is hyper-
extended at the hip and flexed at the knee, result-
ing in severe eccentric tensing of both proximal
tendon components anterior to the hip joint and
the potential for proximal rectus injury [43].
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8.3.4.2 Tendon Injury

Athletes may have acute injuries that come from
breaking them being partial or total, often related
to trauma or may have chronic injuries, which are
caused by overload. The function of the tendon is
divided into two categories, one is the transmis-
sion of tensile strength, and the other is the
storage and release of elastic energy during loco-
motion. The action of the tendons in the storage
and release of energy is found mainly in sports
with stretching and shortening cycles.

To store and release high-energy loads with-
out damage to the tendon tissue, tendons require
greater energy absorption capacity. If this capac-
ity is insufficient, the demands on the energy
absorption and release can quickly exceed the
capacity of the tendon, so the more intense, the
more problems activity can be developed in the
tendons [15,17, 23].

In sports such as running and jumping, the
tendon muscle unit acts as elastic spring, with the
risk of further injury, due to increased overhead.
So it is essential to increase the capacity of ten-
don energy absorption as prevention and treat-
ment of tendon injuries [23].

The method of the tendon increase capacity is
by eccentric exercise, and the other is reducing
the rigidity of the tendon by increasing the elas-
ticity. These two modes are interconnected as to
make quality eccentric exercise; the tendon must
be elastic.

The causes of tendon injuries, according to
Guillet, are the wrong use of technical move-
ments, lack of training, physical fatigue and, in
particular, the association workforce. Among
all the problems caused by overuse and related
to physical activity, tendonitis is the most com-
mon [43].

Tendinopathy in the Achilles tendon is a com-
mon overuse injury but can also be caused by
muscle hard or weak calves or any condition that
causes the tendon to become less flexible and
more rigid, such as reactive arthritis or normal
ageing.

Achilles tendon is a band of tissue that con-
nects the heel bone to the calf muscle and can
support forces of 3000 N to 5000 N during
athletic movement.

The lesions involve irritation, stretch or tear of
the tendon that connects the calf muscle to the
back of the heel. The break in this structure
results from jump manoeuvre or cutting, com-
mon in football and in other sports. Tendon rup-
ture can require surgery or just plaster cast for up
to 10 weeks [26].

A partial disruption of tendon can only cause
pain and limited range of motion but when giv-
ing a total disruption may present significant
deformity, so that the tendon may present spher-
ical shape or a muscle peat. In such cases, it
applies the Thompson test, which is done by
squeezing the calf muscle to see if bending
occurs in the foot; if not, the total breakup is
proven [26].

During muscular activity, the tendon must
move or slide on other structures around when-
ever the muscle contracts. If a particular motion
is performed repeatedly, the tendon becomes irri-
tated and inflamed. This inflammation is mani-
fested by pain during movement, swelling and
possibly some heating usually sputtering.

Immediately should be use immobilization
and application of ice pack. It is necessary to
perform compression and local protection with
bandage. The use of functional bandage has the
aim of promoting joint positioning without
causing restriction in the same, only limiting
unwanted movement or symptom reported by
the patient, maintaining joint mobility. This
allows proper mechanical operation and avoids
overload tendon structures, capsular ligament
and muscle [26].
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9.1 Radiologic Perspective

Sports medicine is one of the most rapidly grow-
ing subspecialties in orthopedics. It has been esti-
mated that 25% of patients seen by primary care
physicians complain of musculoskeletal problems,
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many of which are sports or activity related [1].
Sports injuries often generate nonspecific symp-
toms and clinical findings, demanding further
imaging investigations for accurate diagnosis and
optimal treatment planning.

Over the last 10 years, imaging techniques
have become increasingly important as a diag-
nostic tool for sports injuries without replacing
the traditional methods of management [2, 3].

The discipline of musculoskeletal radiology
has evolved into a major imaging subspecialty in
recent years since the first use of X-rays to diag-
nose fractures. Musculoskeletal radiology exper-
tise has experienced enormous developments in
diagnostic sensitivity and specificity and in image-
guided treatment options, in addition to techno-
logic advances far beyond X-rays. Advances in
cross-sectional imaging such as CT and MR imag-
ing and educational and research endeavors have
contributed further to the growth of musculoskel-
etal radiology as a distinct subspecialty.
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Diagnostic imaging plays an increasingly
important role in the detection, management, and
follow-up of sports disorders.

The use of a wide range of imaging modalities
such as routine radiography and ultrasound, as well
as advanced imaging modalities such magnetic res-
onance imaging (MRI) and computed tomography
(CT), allows an accurate diagnosis of a broad range
of osseous, articular, and soft tissue abnormalities.

However, over-imaging can cause problems in
high-level athletes, who have easy access to
imaging modalities.

The choice of the imaging modality depends on
multiple factors inherent to the radiologist, athlete,
and type of lesion, and the optimal imaging process
may not exist and should be individually tailored.

While diagnostic imaging allows for accurate
characterization of a lesion and local anatomy, it
must be emphasized that clinical correlation is
mandatory to avoid diagnostic discrepancies and
promote optimal athlete management. Good
communication between the radiologist and the
sports physician is essential.

The sports medicine radiologist can provide
confirmation of specific injury, monitoring of the
healing process and the return to play, screening
and evaluation before competition/signing, and
technical assistance in invasive procedures.

The radiology department of sports medicine
should provide different imaging techniques
(X-ray, ultrasound, CT, MRI), radiologists with
experience in sports medicine imaging, and avail-
ability 24 h/7 days with rapid response.

In an ideal setting, the radiologic exams should
be available at the training center of the athlete. In
recent years, there has been a crescent recognition
of the importance of the imaging department within
the medical departments of clubs, national and
international federations, and Olympic committees.
Top European clubs and Olympic Games have been
establishing partnerships with imaging medical sys-
tems companies to provide radiologic equipment
within their own medical and training centers and
the Olympic village. It’s predictable the integration
of radiologists in the medical department staff of
top clubs, federations, and Olympic delegations.

9.2 Role of Imaging

The athlete’s population differs from the normal
population. In sports medicine, especially elite
sports medicine, there is always the dichotomy
between lesion severity and the pressure of time
to resume to play.

Radiological imaging is often required to
obtain accurate diagnosis in sports injuries. Even
if symptoms and clinical findings in sports inju-
ries are specific, sports medicine physicians often
request additional and costly imaging more eas-
ily, as they often need a more rapid and accurate
diagnosis for lesion severity grading and to opti-
mize treatment planning [4]. Imaging techniques
are also readily used to monitor ongoing pathol-
ogy and to facilitate return-to-play decisions [5].

Imaging can play an important role allowing a
fast and accurate diagnosis, helping in evidence-
based decision for conservative versus surgical
treatment, and also by demonstrating to the ath-
lete the presence of the lesion and reinforcing his
adherence to treatment. Imaging can also guide
treatment interventions.

9.3  Overview of Imaging

Modalities

This chapter aims to review the role of imaging
techniques available to the diagnosis and grading
of injuries inherent to football practice, enlighten-
ing their specific advantages and limitations and
delineating possible imaging strategies and path-
ways to evaluate most frequent problems and inju-
ries in football, with additional practical guidelines
that may be useful in daily clinical practice.

924 Conventional Radiology (CR)
Plain radiography is the initial screening examina-
tion for osseous disorders due to its ability to visual-
ize osseous structures with high spatial resolution,
low cost, and widespread availability [6].

The characterization of the cortical bone is
excellent, but the trabecular bone is underdiag-
nosed. Bone lesions producing cortical disrup-
tion, namely, fractures, are relatively easily
visualized. Bone loss limited to the trabecular
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bone from osteoporosis is more difficult to
characterize.

The presence of metal is not a limiting factor
for CR, allowing assessment of the postoperative
bone lesions safely and without artifacts.

CR has important limitations in the evaluation
of soft tissue lesions due to poor contrast resolu-
tion. It may play a role in the evaluation of the
presence of calcifications within the lesion, for
example, in myositis ossificans lesions.

Indications for radiography include trauma,
pain, instability, impingement, infection, preop-
erative or postoperative evaluation and/or follow-
up, and evaluation of soft tissues in an extremity
(e.g., suspected foreign body) (ACR-SPR-SSR
Practice Parameter for the Performance of
Radiography of the Extremities [7]).

The minimum recommended views in routine
circumstances most often include two orthogonal
perpendicular projections. Views may be modi-
fied for any given clinical situation. Additional
views (e.g., oblique views, stress views) may be
warranted as part of the initial examination, or
after review of the initial images, to clarify sus-
pected pathology. In the evaluation of the shaft of
a long bone, the X-ray should include both proxi-
mal and distal joints.

While standard radiographs are a static form
of imaging, stress radiography is employed to
dynamic evaluation, allowing assessment of
alignment and stability. These stressed views
may demonstrate misalignment or signs of insta-
bility not visualized in neutral position.

CR plays an important role in assessing bone
position following the treatment of a fracture or
dislocation, in monitoring the progress of frac-
ture healing with callus formation and in the
diagnosis of fracture complications or complica-
tions arising from treatment. Two or more views
are usually required to accurately assess bone
position after any treatment procedure.

There are numerous normal anatomical vari-
ants which may mimic fractures. Correlation of
X-ray findings with clinical features is often use-
ful to eliminate significant injury. Some fracture
mimics have characteristic features.

Conventional arthrography (X-ray joint
evaluation after injection of intra-articular con-

trast medium) has evolved during the last cen-
tury from crude techniques with postprocedural
radiographic imaging to modern CT and MR
arthrographic techniques. Arthrography saw its
widest use in the 1960s and 1970s, but
indications for its use in many joints decreased
significantly after the introduction of cross-sec-
tional imaging modalities such as CT and MR
imaging. Arthrography nowadays is only per-
formed as part of CT or magnetic ressonance
arthrography (MRA) [8].

CR uses ionizing radiation. Medical ionizing
radiation has great benefits and should not be
feared, especially in urgent situations.
Radiological dose and risk depends on good
methodology and quality control, taking into
account the possible risk from radiation exposure
and the diagnostic image quality necessary to
achieve the clinical objective (“as low as reason-
ably achievable”).

The prescribing physician must justify the
examination and determine relevant clinical
information before referring the patient to a radi-
ologist. Indications and decisions should reflect
the possibility of using nonionizing radiation
examinations, such as MRI or ultrasonography.
Repetition of examinations should be avoided at
other institutions.

9.5  Ultrasound (US)
US technology is rapidly advancing and being
refined, and is aimed at both increasing image
quality and opening new fields of applications.
Acute skeletal muscle injury is one of the
major causative factors for loss of playing time in
all athletes and is the most common injury in pro-
fessional football. A recent study on male profes-
sional footballers showed that injuries to muscle
represent more than 30% of all injuries and are
responsible for approximately one quarter of
total injury absence. Over 90% of muscle injuries
affect the four major muscle groups of the lower
extremity: hamstrings, adductors, quadriceps,
and gastrocnemius. Injury to the hamstring mus-
cle group is reported to be the most common
injury subtype [9].
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Over the last 15 years, musculoskeletal ultra-
sonography has become an important imaging
modality used in sports medicine, being consid-
ered the sports medicine stethoscope. This tech-
nique has become an indispensable tool in the
clinical management of sports injuries and
degenerative and traumatic lesions of the articu-
lations and periarticular soft tissues. With the
rapid development and sophistication of this
modality, essential information for a better under-
standing of the pathophysiologic assessment of
many disorders has been established, allowing
crucial decisions regarding treatment planning
and monitoring the effects of therapy.

Major advantages for the diagnostic accuracy
of US in sports medicine practice are the ready
availability, portability, affordability, speed, real-
time and dynamic imaging, high spatial resolu-
tion, and absence of ionizing radiation. The
possibility of using Doppler imaging is another
advantage.

US main disadvantages are the inadequate
characterization of bone and deep structures,
operator dependency, and the short field of view.
Despite the former, ultrasound is sensitive to rule
out cortical fractures of superficially located
bones and is more accurate to detect rib fractures
compared to radiographs [10].

US is able to recognize the internal muscle
architecture. Intramuscular vessels coursing
within the hyperechoic septa are visible on color
and power Doppler imaging. The outer muscle
fascia (epimysium) appears as a well-delineated
echogenic  envelope  circumscribing  the
hypoechoic muscle. Large hyperechoic septa
(aponeuroses) directed within the muscle belly
can be seen arising from it. In complex muscles,
an individual hyperechoic fascial sheath sur-
rounds each muscle belly thus helping the exam-
iner to recognize the different heads. The
interstice between juxtaposed fasciae of two
adjacent muscles appears as a hypoechoic band
and corresponds to loose connective tissue that
allows some sliding of the muscles during con-
traction [11].

Dynamic US scanning performed during mus-
cle contraction can show changes in size and
relationship of fascicles and fibro-adipose septa.

High-frequency (7-18 MHz) linear-array
probes are used to perform musculoskeletal US
examinations. Broadband transducers use a spec-
trum of frequency distribution (i.e., 12-5 MHz)
instead of a single fundamental frequency (i.e.,
10 MHz): the high-frequency components tend to
increase the intensity maximum in the focal zone
but cause a prompt decrease in intensity with
depth, whereas the low-frequency components
extend the penetration depth [12]. Other systems
use the total transducer bandwidth for the trans-
mitted pulse and then adjust the receiver band-
width to lower frequencies as deeper depths are
sampled. These systems give increased flexibility
to the US examination, enabling the same trans-
ducer to change the image acquisition parameters
during scanning based on the desired clinical
information. In musculoskeletal imaging, this is
particularly important when the study focuses on
both superficial (i.e., subcutaneous tissue planes)
and deep (i.e., muscle tissue layers) tissues in the
same study and body area to be explored.

A variety of linear-array transducers, includ-
ing large (>40 mm), medium-sized (<40 mm)
and small-FOV (hockey-stick-shaped) probes,
are currently available in the frequency range
used for musculoskeletal examinations.
Selection of the adequate transducer primarily
depends on the frequency. Hockey-stick probes
are the best choice for imaging small superficial
structures at sites in which the skin surface does
not allow adequate contact with larger probes
(i.e., soft tissues adjacent to bony prominences)
or while performing dynamic maneuvers, but
they are characterized by a restricted field of
view. Compared with small transducers, high-
frequency large-diameter transducers tend to
have a large near-field beam width leading to a
poor lateral resolution at shallow depths.
Because they maintain beam shape to greater
depths with less divergence of the US beam,
they have the best potential for imaging deep-
seated structures [11].

Recent technologic innovations in US have
resulted in improved diagnostic performance for
the evaluation of the musculoskeletal system,
including wideband Doppler imaging, spatial
compound imaging, extended field-of-view
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imaging, steering-based gray-scale
elastography, and 3D imaging [11].

The ability of high-frequency color and power
Doppler to detect low flow states in superficial
structures and to correlate hyperemic changes
with structural abnormalities has allowed for the
noninvasive study of blood flow and vascularity
within anatomic structures and lesions, opening
new perspectives in the evaluation of a variety of
musculoskeletal disorders.

The most studied example is the detection of
intra-tendon neovascularization in tendinopathy,
considered of diagnostic and prognostic value,
related to clinical outcome, and the exclusive tar-
get of some therapeutic interventions [13-16],
but with discrepant results, and recent studies
have been questioning the value of neovascular-
ization in tendinopathy [17-19].

Spatial compound imaging indicates an acqui-
sition mode in which the information is obtained
from several angles of insonation and is com-
bined to obtain a single image [20, 21].

The advantages of compound mode are many,
including reduction of image artifacts (e.g.,
speckle, clutter, noise, angle-generated artifacts),
sharper delineation of tissue interfaces and better
discrimination of lesions over the background, as
well as improvement in detail resolution and
image contrast. In the musculoskeletal system,
compound imaging leads to an improved delinea-
tion of structures composed of specular echoes,
such as tendons and muscles [21].

The extended field-of-view technique contrib-
utes to an improved presentation of the US infor-
mation for the referring physician [22-25],
displaying the full extent of an abnormality and
showing its relationship with adjacent structures
on a single image.

Three-dimensional — acquisition can be
achieved with US using either 2D conventional
transducers equipped with a small electromag-
netic positional sensor or dedicated “3D volume
transducers,” which are larger than standard
probes and more difficult to handle but have the
advantage of providing more exact assessment of
each scanning plane.

Ultrasound elastography (EUS) is a method
to assess the mechanical properties of tissue, by

imaging,

applying stress and detecting tissue displace-
ment using ultrasound. There are several EUS
techniques used in clinical practice; strain (com-
pression) EUS is the most common technique
that allows real-time visualization of the elasto-
graphic map on the screen. There is increasing
evidence that EUS can be used to measure the
mechanical properties of musculoskeletal tissue
in clinical practice, with the future potential for
early diagnosis to both guide and monitor ther-
apy [11].

Due to the excellent spatial resolution and
definition of muscle structure, US has become an
indispensable tool for evaluation of muscle
pathology, not only for the diagnosis of the
lesion, allowing an accurate characterization
most of the times, especially in superficial mus-
cles, but also for the follow-up of lesions during
healing process, with detection of healing com-
plications such as fibrosis, hematomas/seromas,
hernias, or myositis ossificans.

The ideal time for the US examination of fresh
traumatic muscle lesions is between 2 and 48 h
after trauma. Before 2 h, the hematoma is still in
formation. After 48 h, the hematoma can be
spread outside of the muscle [26]. However, with
some muscles it can stay for much longer. It is
recommended that for lesions in the hamstrings,
the US examination be done as soon as possible
after the 2 h delay. For rectus femoris and gas-
trocnemius lesions, the examination can be post-
poned for as long as 2 or 3 days, or even longer
sometimes [27].

Dynamic US study may be very helpful to the
correct diagnosis, e.g., to search for muscle her-
nia (during muscle contraction) or to evaluate the
snapping hip syndrome (during hip flexion and
lateral rotation). To avoid artifacts or pitfalls,
comparison with the contralateral side may be
necessary.

US has intrinsic limitations in the assessment
of the bone. In some applications, however, it can
be useful to assess selected bone disorders, espe-
cially if performed as a complement to standard
radiographs [28]. With US, the interface between
the soft tissue and cortical bone is highly echo-
genic because of an inherent high acoustic imped-
ance mismatch [29]. The bone cortex appears as
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aregular continuous bright hyperechoic line with
strong posterior acoustic shadowing and some
reverberation artifact.

US can detect cortical outgrowths (exostoses,
anatomic variants), defects (fracture, osseous
tunnels, impact lesions), and erosions. Some
authors have suggested that the process of frac-
ture healing can be followed with color Doppler
imaging and spectral analysis [30].

Bone abnormalities seen at US can easily be
correlated with clinical findings and can suggest
the requirement for additional radiographic views
or other imaging studies if further evaluation is
warranted.

The indications for joint US are rapidly
expanding due to the refinement of high-
resolution transducers and to the fact that both
radiologists and clinicians are increasingly aware
of the potential of US [31].

US allows visualization and characterization
of superficial ligaments, intra-articular fat pads,
and intra-articular fluid. Some ligaments located
in the central portion of joints (i.e., the interosse-
ous tarsal sinus ligaments and the cruciate liga-
ments of the knee) cannot be visualized with US
because of the overlying osseous structures.

In most joints, small amounts of normal intra-
articular fluid can be detected in the articular cav-
ity by means of high-resolution US.

Many joints contain fibrocartilaginous struc-
tures, including the meniscus in the knee, the
labrum in the hip and the shoulder, the triangular
fibrocartilage in the wrist, and the volar and plan-
tar plates in the hand and foot. Because of their
deep location and close contact with the bone,
these structures can be evaluated with US only in
part and not reliably. However, some conditions
involving the superficial part of these structures,
such as an extruded meniscus, a meniscocapsular
detachment with fluid intervening between the
capsule and the fibrocartilage or a meniscal ossi-
cle can be inferred on US.

In contrast to the results of fibrocartilage eval-
uation, US has proved to be an effective modality
for diagnosing parameniscal and paralabral cysts
[32-34].

Ligament tears can be demonstrated with US
at different sites, including the ankle and foot

[35, 36], the wrist and hand [31, 37-39], the
knee [40-42], and the elbow [43]. The US fea-
tures of a torn ligament vary depending on
whether the lesion is acute or has healed. In
acute phases, a partially torn ligament appears
swollen and hypoechoic but continuous; an
anechoic band over the superficial aspect of the
ligament may be observed representing reactive
soft tissue edema [35]. In complex ligaments,
US can distinguish the abnormal hypoechoic
portion of the ligament from the unaffected one
retaining a normal appearance. In acute com-
plete ruptures, a hypoechoic cleft reflecting the
hematoma can be detected through the ligament
substance, and the free ends of the severed liga-
ment may appear retracted and wavy. In doubtful
cases, the ability to assess the ligament dynami-
cally is a definite advantage of US: under stress,
a normal ligament tightens preventing excessive
widening of the joint space; if the ligament is
torn, a paradoxical movement is obtained reflect-
ing joint instability [44, 45]. In chronic partial
tears, the ligament always appears thicker than
normal on US images. Calcifications within the
ligament substance in old tears and irregularities
of the bony insertions in avulsion injuries may
be observed [45]. A typical example is the
Pellegrini-Stieda syndrome (calcification of the
proximal end of the medial collateral ligament of
the knee).

One of the major limitations of US in evaluat-
ing osteoarthritis is the incomplete evaluation of
the cartilage surface, which is, for the most part,
masked by the ends of opposing bones. This is
true for both tight and large joints. In the knee,
for instance, articular cartilages that are vulnera-
ble to tears and ulcerations are mainly located at
the posteroinferior aspect of the femoral condyle
and on the lateral facet of the patella: both sur-
faces are barely evaluated with US. Similarly,
geodes (subchondral cysts) are not visible at US
because they are completely surrounded by the
bone. On the other hand, osteophytes can be
readily appreciated as beak-like bone projections
covered by hypoechoic cartilage adjacent to the
joint line. They increase the surface area of the
articular cartilage, thus lessening the stress and
loading forces that are experienced by the joint
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and, at the same time, increasing its stability:
typical locations of osteophytes are the posterior
humeral head, the internal femorotibial, and the
anterior tibiotalar joints [46].

Finally, US can be useful in assessing para-
articular soft tissue abnormalities that can be
responsible for pain in osteoarthritis and may
help to guide intra-articular drug injection.

Detection and localization of postoperative
infection and complications may be a challeng-
ing task and underdiagnosed with US.

9.6  Multidetector Spiral CT

(MDCT) Scan

CT is a frequently and an increasingly used imag-
ing modality with multiple musculoskeletal
applications. Technological improvements and
innovations have refined and broadened the util-
ity of CT for clinical imaging.

CT has distinct advantages and inherent limi-
tations in the assessment of bones, joints, and soft
tissues, both need to be considered when choos-
ing CT for a specific imaging task.

CT technology has evolved since the first
scanner was introduced in 1972. The past four
decades have witnessed major improvements.
These include development of spiral CT, rapid
acquisition and processing of raw data, and
improvements in spatial resolution. These have
resulted in the ability to generate isotropic vol-
ume data sets and multiplanar reformations
(MPRs). There have been multiple generations of
CT scanners, but most of the current clinical
scanners use a third-generation geometry in
which the X-ray tube or tubes and detector arrays
are opposed and mounted to a rotating gantry.
Advances in tube, detector and software design
continue to refine and redefine clinical
applications.

Multislice CT has brought about major
advances in bone and joint imaging. A volumet-
ric image set with isotropic properties can be
obtained in a single acquisition with a 0.5-mm
slice width. Multislice CT allows extended ana-
tomic coverage with thin slices; large patients
and patients with metal hardware in their bodies

now can be scanned without sacrificing diagnos-
tic quality. To take full advantage of these capa-
bilities, production of multiplanar reformatted
images has become an integral part of the exami-
nation. Different three-dimensional rendering
techniques can be applied to reduce the large
image sets into clear pictures for the referring
physician and the patient.

Most musculoskeletal applications demand
high spatial resolution. The progressive increase
in the number of detector elements in each row
and decrease of detector width have improved
spatial resolution. A typical 64 multidetector
computed tomography (MDCT) scan can achieve
a spatial resolution of 0.33-0.47 mm.

Reconstruction algorithms can be applied to
image data in order to enhance detail or contrast
resolution depending on the purpose of the study.
High spatial resolution filters can enhance image
detail and sharpness to better evaluation of bone
trabecular structure. Lower space resolution fil-
ters can generate a smoother image, better for
evaluation of soft tissues and low contrast
structures.

Isotropic data sets also improved the quality
of three-dimensional (3D) rendering techniques,
like volume rendering, shaded surface display,
and maximum intensity projection (MIP). The
generated 3D overview provides good visualiza-
tion of structure spatial relationship, helpful in
presurgical planning.

Recent advances in technology and software
development also allowed improvements in some
disadvantages of CT. The most observable
changes are the availability of radiation dose
reduction and metal artifact reduction.

The optimal CT protocol for musculoskeletal
imaging contemplates several parameters with
the objective of achieving the best diagnostic
image quality for the specific clinical scenario.

Major musculoskeletal clinical applications of
CT are trauma; nontraumatic osseous, soft tissue,
and periarticular lesions; and imaging around
metal hardware.

Possibly the most obvious ideal application
for spiral CT is in the evaluation of musculoskel-
etal trauma. Once a volumetric data set is gener-
ated, the images can be used for multiplanar and
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three-dimensional reconstruction. The value of
rapid acquisition is particularly apparent in
trauma patients when the trauma involves areas
where patients may have difficulty remaining still
such as the shoulder, sternoclavicular joint,
elbow, or wrist.

More common CT applications in musculo-
skeletal trauma include the pelvis and acetabu-
lum, the knee including the tibial plateau, the
ankle joint, the wrist, and the spine. Transaxial
CT supplemented by multiplanar reconstruction
and 3D imaging could have a major impact on
both diagnosis and patient management. The use
of MPR and 3D imaging can alter the patient
management versus the use of transaxial CT
alone. These changes in management are pre-
dominantly two types: tentative surgery sched-
uled due to a situation worse than anticipated and
acute surgery deferred in favor later definitive
arthrodesis or arthroplasty, again usually when
the images revealed a clinical picture worse than
anticipated.

In acetabular and pelvic trauma, spiral CT
data sets coupled with a real-time 3D volume-
rendering program allow visualization of the
entire pelvis through any plane or perspective
[47]. By scanning and creating 3D maps of the
entire pelvis, we can easily detect any associated
sacral or sacroiliac injuries.

CT is especially useful in lower extremity
trauma involving either the knee joint or the
ankle. In the patient with a tibial plateau frac-
ture, spiral CT with sagittal and coronal
reformatting of data is an important study in
defining whether or not a patient needs surgi-
cal intervention. The use of these displays
coupled with 3D images is ideal for defining
plateau depression and quantifying it. In
cases of proximal tibiofibular dislocation, the
3D images are especially valuable. Severe
ankle trauma also illustrates the role of mul-
tiplanar and 3D imaging in finalizing assess-
ment and surgical planning [48]. Pilon
fractures, with severe impaction and destruc-
tion of the articular plafond, may be triaged
into those patients needing immediate sur-
gery and those who will be treated later with

arthroplasty. Injuries to the talus, calcaneus,
or tarsal bones are well imaged with spiral
CT protocols.

Spiral CT with direct coronal reconstructions
is an excellent approach to the traumatized wrist
[49], allowing successful evaluation of occult or
complex fractures.

Trauma to the spine can be routinely visual-
ized successfully with a combination of transax-
ial CT, MPR images, and 3D studies.

One limitation of CT in acute trauma is the
poor depiction of bone marrow edema and soft
tissue injuries compared with magnetic reso-
nance imaging (MRI), which is more accurate for
detecting non-displaced fractures, bone contu-
sions, ligament and tendon tears, and other soft
tissue lesions.

In addition to acute trauma, CT can be used in
the setting of chronic trauma. Fractures require
serial follow-up to assess healing and to look for
potential complications. Although radiographs
alone are sufficient in most cases, certain situa-
tions may warrant additional cross-sectional
evaluation. CT is used commonly to assess frac-
ture complications like malunion, nonunion,
hardware failure, and infection. CT allows more
precise determination of the relative volume of
osseous to fibrous union and cortical bone bridg-
ing. The cortical bone destruction of infection is
easier to visualize at CT than MRI, particularly in
cases with adjacent metal hardware.

CT can provide advantages over radiography
for characterization of nontraumatic osseous, soft
tissue, and periarticular lesions. CT can improve
the detection of focal lesions if they are small or
located in anatomic complex regions, like the
pelvis, and characterization of the lesion, like the
matrix mineralization or presence of cortical
shell, nidus, or sequestrum.

The evaluation of soft tissue or muscle infec-
tion and/or tumor is another clinical application
for spiral CT. With the use of iodinated contrast
material, the scan can evaluate an area of sus-
pected musculoskeletal abnormality during peak
levels of contrast enhancement. It has been previ-
ously documented that contrast enhancement
allows for better detection of intramuscular
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pathology whether it is inflammatory or neoplas-
tic [50, 51]. CT is also useful in distinguishing
vascular masses from hematoma, abscess, or
tumor.

Artifacts from metal hardware traditionally
have been a major limitation to diagnostic imag-
ing, including CT.

Recently metal artifacts have become less
problematic in CT imaging by using optimal
scanning technique in conjunction with advances
in scanner hardware and software. These artifacts
can be reduced by adapting the acquisition proto-
col and scanning technique to the clinical ques-
tion and type of the hardware.

CT arthrography (CTA) consists of intra-
articular injection of iodinated contrast solution
performed under fluoroscopic observation [52].
The volume of contrast medium injected depends
on which joint is studied: shoulder, 10-15 ml;
wrist, 5 ml; hip, 10 ml; knee, 20 ml; and ankle,
6—12 ml. After injection of contrast material,
patients are asked to perform full-range mobiliza-
tion of the joint. Anteroposterior, lateral, and
oblique views are routinely obtained to image the
entire articular cavity. Subsequently, multidetector
CT is performed.

CTA can be an acceptable alternative to MRI
and MRA for evaluation of internal derange-
ments of joints in several situations; in some
cases it can be the study of choice. Technical
advances in CT have improved the usefulness of
CTA.

The main advantages of CTA over MR and
MRA include faster acquisition speed, higher
spatial resolution, and fewer artifacts near metal
hardware. MR has some contraindications, like
cardiac pacemakers, and CTA can replace MR in
these cases.

The advantage of CTA for the assessment of
the cartilage is the excellent conspicuity of focal
morphologic cartilage lesions that result from the
high spatial resolution and the high attenuation
difference between the cartilage substance and
the joint contrast filling the lesion [53]. A limita-
tion of CTA imaging of the cartilage is its com-
plete insensitivity to alterations of the deep layers
of the cartilage.

The faster acquisition speed may constitute an
important strength of CTA in patients with claus-
trophobia, pain, and other constraints that would
limit MR scan.

Metal artifacts are less problematic in CT than
MRI, and CTA is a useful technique in many
postoperative scenarios.

Other limitations of CTA include its invasive-
ness, possible allergic reaction, use of ionizing
radiation, and poor soft tissue contrast resolution.

Radiation dose from CT has received consid-
erable attention from the imaging community
and from the public. Adapting protocols to the
particular patient body region and clinical sce-
nario is critical to optimization of the radiation
dose. Efforts to lower the dose begin by deter-
mining the appropriateness of CT as an imaging
technique for the specific clinical problem; alter-
native nonionizing or low-dose imaging tech-
niques must be considered.

Radiologist and technologist should anticipate
cases where dose is wasted and should be elimi-
nated, excessive and can be reduced, or inade-
quate and should be increased.

It is therefore important to understand the
clinical questions to be answered prior to per-
forming the spiral CT examination. There are a
variety of current CT techniques available for
imaging musculoskeletal problem, and radiolo-
gists must decide judiciously to when and where
they should be applied.

9.7 Magnetic Resonance

Imaging (MRI)

Since its introduction in the 1970s, magnetic res-
onance imaging (MRI) has revolutionized the
diagnosis and treatment of musculoskeletal dis-
orders. Excellent soft tissue contrast, spatial reso-
lution, and multiplanar imaging are among the
major advantages of MRI. The majority of appli-
cations for musculoskeletal MRI fall into one of
three major categories of disease: (i) derange-
ment within and about joints, (ii) infectious pro-
cesses, and (iii) tumors and tumorlike conditions.
MRI for sports medicine includes high spatial
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resolution multiplanar depiction of anatomy and
abnormalities in almost every joint in the body, as
a result of its ability to assess a wide variety of
anatomy and pathology ranging from ligament
injuries to articular cartilage lesions [54-56]. The
field of musculoskeletal radiology is constantly
advancing as MRI applications in the musculo-
skeletal field continue to grow enormously.
Remarkable advances have taken place in both
hardware and software technology that allow for
improved visualization of anatomy and
pathology.

Specialized non-contrast sequences enable the
direct quantitative assessment of articular carti-
lage and other joint structures, thereby providing
indirect assessment of tissue health and biochem-
istry. T2 mapping displays local water content
and collagen fibril orientation, and the method of
T1 rho mapping displays the local proteoglycan
content of the tissue. Ultrashort echo imaging
improves the contrast of joint structures with
high tissue isotropy or low water content, such as
ligament, tendon, and meniscus.

Traditionally, most MRI of the musculoskel-
etal system is done at intermediate field strengths
of 1.5 T or lower. However, imaging at 3.0 T has
become increasingly more common for clinical
evaluation, while other higher field systems are
being evaluated in the research field. Despite
initially being used for neurological imaging,
availability of specialized coils and numerous
studies have confirmed the benefits and abilities
of higher field systems in musculoskeletal imag-
ing [57-59]. The most valuable benefit includes
an improved signal to noise (SNR) which can
result in increased image resolution and
decreased exam time. However, with the
increase to a 3.0 T or higher field strength comes
numerous issues that must be considered in
order to optimize its intrinsically superior imag-
ing capabilities.

The gain in SNR that is afforded by 3 T MR
imaging systems has tremendous clinical appli-
cations in the musculoskeletal system. The poten-
tial for demonstrating and enhancing the visibility
of normal osseous, tendinous, cartilaginous, and
ligamentous structures is exciting. Radiologists
have enjoyed great success in assessing joint

disease with current MRI field strengths; how-
ever, many intrinsic joint structures remain diffi-
cult to evaluate, which leads to a golden
opportunity for 3 T MRI. The articular cartilage
of the knee, the glenoid labrum of the shoulder,
the intrinsic ligaments and TFC of the wrist,
the collateral ligaments of the elbow, the
labrum and articular cartilage of the hip, and
the collateral ligaments of the ankle have been
evaluated suboptimally on 1.5 T systems using
routine non-arthrographic MRI. Because of the
enhanced SNR, the higher spatial resolution, and
the greater CNR of intrinsic joint structures at
higher field strengths, 3 T MRI has the potential
to improve diagnostic abilities in the musculo-
skeletal system vastly, which translates into bet-
ter patient care and management. As coil
technology advances and as the use of parallel
imaging becomes more available in the extremi-
ties, it’s expected to see even more dramatic
improvements in image quality.

The quality of MRI depends on the lack of
motion, signal and resolution, and tissue
contrast.

Although appropriate selection of imaging
planes will depend on the location and desired
coverage of the anatomical region to be examined
and the pathology to be expected, a complete MR
examination requires that images be obtained in
the axial, coronal, and sagittal planes. Oblique
planes may also be useful, e.g., in the shoulder
(paracoronal and parasagittal images). A typical
musculoskeletal examination includes three to
six sequences obtained in various anatomic
planes.

The number of pulse sequences and combina-
tions is almost infinitive. Conventional spin echo
(SE) include T1-weighted (T1 W), T2-weighted
(T2 W), and proton density weighted (PDW).
Fast spin echo (FSE) allows for much more rapid
acquisition than the conventional spin echo
method. Decreased overall acquisition time less-
ens the potential for patient motion. FSE
sequences are commonly used in musculoskele-
tal imaging. This technique has some drawbacks;
the signal intensity of fat remains intensely bright
on FSE-T2 W images and consequently can
obscure pathology in subcutaneous fat and bone
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marrow. FSE can result in blurring tissue mar-
gins, making some pathology difficult to detect,
like meniscal tears.

Short tau inversion recovery (STIR) is a fat
saturation technique that results in markedly
decreased signal of fat and strikingly increased
signal from fluid and edema. As a result, STIR
sequences are a very sensitive tool to detection of
soft tissue and bone marrow pathology. FSE-
STIR sequences are widely used in musculoskel-
etal protocols.

Gradient echo (GRE) sequences were origi-
nally developed to generate T2 images more
rapid than SE sequences. Ligaments, cartilage,
and fibrocartilaginous structures like knee
menisci and glenoid labrum are well shown in
GRE sequences. GRE imaging can be performed
using a two-dimensional technique or a three-
dimensional (3D) volumetric technique.

One feature of GRE sequences is a heightened
sensitivity to susceptibility artifacts. This refers
to artifactual signal loss at the interface between
tissues of widely different magnetic properties.
This can be advantageous to detect subtle areas
of hemorrhage, loose bodies, and soft tissue gas.
Susceptibility effects can be problematic when
imaging patients with metallic hardware.

Fat signal suppression can be achieved with
two main techniques: frequency-selective (chem-
ical) fat saturation and STIR imaging.

The frequency-selective technique can be
used with T1 W imaging, like in MR arthrogra-
phy and after intravenous injection gadolinium
contrast material, and FSE-T2 W imaging to
highlight areas of soft tissue and bone marrow
pathology. A major problem with frequency-
selective technique is the potential for inhomoge-
neous suppression of fat signal.

STIR technique tends to produce more homo-
geneous suppression of fat signal but cannot be
used with IV or intra-articular injection of gado-
linium because its signal would be saturated
along with fat in STIR sequences.

Most useful sequences to evaluate the bone
are STIR, FSE-T2, and T1 and GRE T2%, articu-
lar cartilage are STIR or fat-saturated FSE-T2
and 3D-T1 W gradient echo with fat saturation,
fibrocartilage are SE PD and GRE T2* and T1,

tendons and ligaments are STIR or FSE-T2 with
or without fat saturation and GRE T2* and T1,
muscle are T1 and STIR, and synovium is T1 W
fat-saturated images after IV administration of
Gd-DTPA.

Because each anatomic site contains multiple
different structures being imaged, it is necessary
to use protocols that adequately characterize
these structures. Pulse sequences and imaging
planes must be carefully selected to optimal char-
acterization in the shortest time achievable in
order to clarify the clinical indication for the
imaging study.

MRI allows characterization of multiple clini-
cal scenarios at different body regions by adapt-
ing MRI protocols and is an excellent diagnostic
tool for evaluation of the bone marrow, tendons
and muscles, peripheral nerves, arthritis and car-
tilage, osseous trauma, musculoskeletal infec-
tions, tumors, and internal derangements of the
different joints.

Recently, diffusion tensor imaging (DTI) has
been used to study muscle architecture and
structure. In the future, DTI may become a use-
ful tool for monitoring subtle changes in skele-
tal muscle, which may be a consequence of age,
atrophy, or disease [60]. Furthermore, important
information about muscle biomechanics, mus-
cle energetics, and joint function may be
obtained with unique MRI contrast such as
T2-mapping, spectroscopy, blood-oxygenation-
level-dependent (BOLD) imaging, and molecu-
lar imaging.

The contrast medium injected for MRA sepa-
rates the articular capsule from other structures
and, due to considerable T1 shortening, outlines
intra-articular structures on T1-weighted images.
Direct MRA has been successfully used in many
joints of the body for a variety of conditions.
MRA is a technique which is mainly used in the
shoulder, wrist, ankle, knee, and hip joint.
Compared with standard MRI, MRA improves
the detection of intra-articular bodies and osteo-
chondral lesions in any of the peripheral joints.
Moreover, direct MRA improves the assessment
of internal joint derangements, such as the detec-
tion of labral and ligamentous abnormalities in
the shoulder and hip. In the wrist, MRA improves
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confidence in the diagnosis of interosseous liga-
ment tears and tears of the triangular fibrocarti-
lage complex (TFCC).

In the direct arthrography technique, the
contrast medium is a 2 mmol/l solution of
Gd-DTPA in 0.9% NaCl. Eventually add
1-5 ml 1% lidocaine. Fluoroscopy is used to
bring the needle tip into a correct intra-articu-
lar position. To assure the correct position,
1-2 ml of 60% nonionic contrast medium is
injected. The amount of the MR contrast
medium injected depends on the selected joint.
MRI (with FS SE T1-WI) is initiated within
30 min after injection to minimize the absorp-
tion of contrast solution and the loss of capsu-
lar distension. In the indirect arthrography
technique, there is intravenous administration
of 10-20 ml 0.1 mmol Gd-DTPA/kg body
weight. Synovial excretion of contrast medium
occurs in minutes after injection to shorten the
relaxation time of the synovial fluid and is
heightened by rigorous exercise (joint move-
ments) for about 10 min. MR imaging (with FS
SE T1-WI) is initiated within 30 min after
injection, when maximal enhancement is
reached blanc line.

Gadolinium contrast agents, however, have
not been approved for intra-articular injection by
the Food and Drug Administration (FDA). Intra-
articular administration of gadolinium contrast
agents, therefore, represents an unapproved use
of an approved drug. Intra-articular administra-
tion of gadolinium contrast agents is currently
considered safe, and FDA approval is not required
for use on an individual patient. Future contrast
agents for MRA may incorporate paramagnetic
contrast agents entrapped in liposomes to prevent
diffusion into articular cartilage.

A major disadvantage of the direct technique
is its invasiveness. The indirect technique has
the advantage of not requiring direct access to
the joint but lacks the advantages of joint
distension.

MRI has become the dominant imaging modal-
ity in the assessment of sports-related injury,
because sports medicine and high-quality imag-
ing are inextricably linked. There are, however,
many findings on MRI that may not represent

clinically significant disorders. Therefore, optimi-
zation of image acquisition and interpretation
requires correlation with clinical findings.

9.8 General Principles

and Indications

There is no doubt that radiography is the first-line
imaging modality for assessment of bone disor-
ders: it allows a panoramic, low-cost, and repro-
ducible evaluation of the bone. Conventional
radiography should always be the first diagnostic
modality performed to depict associated skeletal
or joint abnormalities. More accurate analysis
can be obtained by means of CT, especially if
complex anatomic areas must be examined. CT
can be used for better evaluation of fracture, for
assessment of fracture healing process and com-
plications, or for biometric views. While CT
allows an optimal assessment of the bone cortex,
MRI is the technique of choice to evaluate the
bone marrow. US has intrinsic limitations in the
assessment of the bone. In some applications,
however, it can be useful to assess selected bone
disorders, especially if performed as a comple-
ment to standard radiographs [28].

As a general rule, MRI and US are most accu-
rate for grading soft tissue injuries, while bone
injury can be assessed with conventional radiog-
raphy and MRI. Bone scintigraphy has a high
sensitivity but low specificity and lacks spatial
resolution and has been largely superseded by
MRI, providing excellent sensitivity and specific-
ity, as it can also identify alternative sources of
pain [61].

For the diagnosis of muscle and tendon
lesions, US is considered the best imaging modal-
ity (sports medicine stethoscope), both in the ini-
tial phase for recognition of a lesion and also for
the assessment of the various changes it under-
goes until complete healing has been achieved.
Complementary characterization and detection
of associated abnormalities and complications
can be obtained by MRIL.

For internal derangements of joints, MRI is
the preferred technique because of its noninva-
sive character and soft tissue contrast, allowing



9 Imaging in Football Lesions

77

detailed characterization of the different intra-
and periarticular structures.

Concomitant knee multiaxial laxity quantifi-
cation and ligaments structure and functional
assessment is useful for clinical management in
the ACL-ruptured individual. Thus, the availabil-
ity of laximeters, which are safe and compatible
with MRI environment (e.g. Porto Knee Testing
Device), may embody an opportunity for further
understanding of specific patterns of tissue dam-
age and knee arthrokinematics changes [62, 63].

If plain radiographs and/or US are negative or
reveal unequivocal findings and clinical
symptoms are suspicious for musculoskeletal
lesion, MRI must be performed.

Due to the recent developments in CT technol-
ogy, multidetector CTA has become a valuable
alternative to MRI for the assessment of internal
derangement of joints and has proved to be an accu-
rate technique to detect articular cartilage lesions. A
major drawback of spiral CTA, however, is its inva-
sive character and use of ionizing radiation.

MRA is considered the reference standard of
arthrographic techniques for joint imaging. The
choice between multidetector CTA and MRI for
assessment of internal joint derangement depends
on the clinical situation. Multidetector CTA con-
stitutes a valid alternative when MRA is contrain-
dicated or the acquisition time is a major concern.
CTA may be preferred if osseous lesions can be
present and constitute a decisional element in the
surgical strategy.

Familiarity with mechanisms of injury, posi-
tion of the player, and the need for rapid diagno-
sis and reporting will help radiologists with
imaging of football players. Although plain
radiographs are typically the first imaging modal-
ity used, magnetic resonance imaging has become
the cornerstone on which diagnoses and treat-
ment decisions are based. As football athletes
become stronger, faster, and more skilled, the
ability to accurately assess their injuries becomes
even more important, and understanding the
challenges that these patients present becomes
critical.

Medical imaging has attained a preeminent
role in the treatment of these athletes. Although
history and physical examinations remain the

primary means of diagnosis, and plain radio-
graphs are often the first line of imaging for these
players, MRI has become the definitive imaging
examination, particularly as the level of player
becomes more elite. MR imaging is relied on by
players, coaches, and team physicians because of
its ability to confirm suspected diagnoses, add
additional unknown information, and provide a
roadmap for surgical or conservative treatment
planning. When dealing with professional foot-
ball players, time is always a pressure, and rapid
diagnosis of an injury can be critical. This is
where imaging, and, namely, advanced imaging,
can play an important role for both the sports
physician and the athlete, by helping in making
an accurate diagnosis as well as guiding therapy
and monitoring response to treatment and return
to play.
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10.1 Introduction

Ankle sprains are the most common athletic
injury in modern sports and represent one of the
most frequent causes of time lost from sports
participation [1, 2]. An estimated incidence rate
of 2.1 and 2.15 per 1000 person-years in the gen-
eral population was reported regarding the emer-
gency departments within the Netherlands [3]
and the United States [4], respectively. When
focusing in the athletic population, the incidence
rate increases, accounting up to 21% of all inju-
ries [1, 5] and 14-21% within football specifi-
cally [1, 6-8]. Along this line, the UEFA
Champions League injury study recorded a total
of 1080 ankle injuries during a period of 11 years,
representing a reported total of 13% of all inju-
ries [9]. The presence of chronic ankle instability
(defined as history of recurrent sprains and a
sensation of “giving way”) was assessed in 512
college/high school athletes (total of 17 sports,
118 football players). The authors reported
65.8% of the athletes indicated previous ankle
injuries and 23.4% of the athletes developed
chronic ankle instability (half of them bilater-
ally). Focusing on football, it was found that
79.7% of players suffered from previous lateral
ankle sprains and 23.7% had chronic ankle insta-
bility [10]. In addition, Jain et al. [11] recorded
the injury incidence of anEnglish Premier
League football team over a 4-season period and
reported 14 ATLF injuries (31%), six tibiofibular
syndesmosis injuries, (13%) and one deltoid lig-
ament injury (2%).

The majority of ankle sprains comprise
younger individuals, as they represent the most
physically active population. The most common
injury mechanism is a high-velocity excessive
inversion of the rear foot or combined adduction
of the plantar flexed foot [12, 13], that is, some-
times exacerbated by external rotation of the
lower leg [14]. Specifically in football, the mech-
anism of ankle injury is mainly triggered by (1)
player-to-player contact with impact by an oppo-
nent on the medial aspect of the leg just before or
at foot strike, resulting in a laterally directed
force causing the player to land with the ankle in
a vulnerable, inverted position, or (2) forced

plantar flexion where the injured player hit the
opponent’s foot when attempting to shoot or clear
the ball [15].

These injuries, if not treated properly, can lead
to chronic ankle instability and long-term associ-
ated morbidity [16—18]. Moreover, it is possible
that bony, cartilage, and tendon injuries may
occur concomitantly [19], which must be
addressed along with the ankle ligament surgery.
In addition, the recurrence rate of acute ankle lat-
eral ligament injury has been reported to be up to
70%, and 20-74% develop chronic ankle insta-
bility [12, 20-24]. These patients often experi-
ence an early onset of ankle posttraumatic
osteoarthritis [12].

At the elite level of football, the absence of a
key player may result in the game defeat and
associated economic costs for the club.
Moreover, the high loads imposed in the ankle
joint of these players represent an unfavorable
prognostic factor for developing further damage
and extend the clinical symptomatology [25],
augmenting the challenge of treating these
patients [19].

10.2 Lateral Ankle Instability

The majority of the ankle sprains occurs in the
lateral ankle ligament complex [9] and may
occur in an isolated or multiligamentous fashion
[19]. The lateral ankle ligament’s complex is
composed of three ligaments: the anterior talo-
fibular ligament (ATFL), the calcaneofibular
ligament (CFL), and the posterior talofibular
ligament (PTFL) (Fig. 10.1). The ATFL has
been reported to be the weakest and the first to
be injured upon an ankle sprain, which ruptures
in 66% of the ankle sprains as an isolated injury,
and in 20% of the cases, it occurs in combina-
tion with a CFL rupture [26]. Isolated capsular
lesion or partial rupture of the ATFL is only
present in 1% of all the supination injuries [27,
28]. In addition, the subtalar ligaments are also
injured in combination when a lateral ankle
sprain occurs, with an estimated incidence of
75-80% of individuals with chronic ankle insta-
bility [20, 29].
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10.2.1 Predisposing Risk Factors

Over the last few decades, several predisposing
intrinsic and extrinsic risk factors for acute lat-
eral ankle sprains have been investigated (Table
10.1). The most commonly cited intrinsic risk
factors for lateral ankle sprain are previous injury
[30-36], poor neuromuscular postural control
[31, 37-40], and decreased ankle joint range of
movement [41, 42]. Conversely, gender [32, 43],

Fig.10.1 The lateral ligaments of the ankle comprise of
the anterior talofibular ligament (ATFL — red arrow), the
calcaneofibular ligament (CFL — yellow arrow), and the
posterior talofibular ligament (PTFL — blue arrow)

age [30, 33, 43], biometry (height, weight) [30,
31, 33, 36, 44], strength (ankle and hip) [39, 41],
and anatomical alignment [33, 44—49] still show
conflicting evidence on the scientific literature.
Regarding the extrinsic risk factors, improper
lace-up of ankle brace [50, 51], third and fourth
generation of artificial turf [52, 53], absence of or
incorrect warm-up [54], player position [33, 34,
55], time into the game/season (which may be
associated with accumulated fatigue) [34], and
lack of use of external support have been sug-
gested [36, 56] (Table 10.1).

10.2.2 Classification

Ankle sprain has been defined as a morphologic
pathological condition of the ankle ligamentous
complex, ranging from an overstretching to com-
plete rupture of the ligament [19]. Thus, after an
acute ankle supination trauma, it is essential to
differentiate a simple sprain from a ligament rup-
ture [57]. In this sense, several grading systems
for lateral ankle ligament injuries have been
developed, based on the anatomical injury, clini-
cal symptoms, trauma mechanism, stability, and
the severity of the injury [19]. In addition, grad-
ing of the injury may allow the clinician to better

Table 10.1 Predisposing intrinsic and extrinsic risk factors for lateral ankle sprains

Intrinsic risk factors

Variable Negative effect ~ No effect
Previous injury [30-36] =

Gender [43] [32]

Age [43] [30, 33]
Biometry (height, [36, 44] [30, 31, 33]
weight)

Poor NM postural [31, 37-40] [33, 43]
control

ROM (ankle) [41, 42] [31]
Strength - [39, 41]
Anatomical alignment® [44, 45] [33, 45-49]

Extrinsic risk factors

Variable Negative effect ~ No effect
Improper lace-up of [50, 51] -
ankle brace

third/fourth generation  [52, 53] —
of artificial turf

Absence of or incorrect [54] -
warm-up

Player position [34, 55] [33]
Time into the game/ [34] -
season

Lack of use of external [36, 56] -

support

*Anatomical alignment: tibial varum, foot type, arch type, forefoot position, rearfoot position, toe deformity, Q angle,

and tibiofemoral angle
Legend: NM, neuromuscular, ROM, range of movement
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Table 10.2 Classification system adapted from Konradsen et al. [59]

Grading criteria (compared to the uninjured side)

Grade Severity Anatomical damage

I Mild Stretching of the ligament
without macroscopic
rupture

II Moderate Partial macroscopic
rupture of the ligaments

1T Severe Complete rupture of the

ligaments and the joint
capsule

Table 10.3 Classification of acute lateral ankle sprains
in athletes, adapted from Malliaropoulos et al. [60]

Grading criteria (compared to the uninjured

side)

Decreased Stress
Grade ROM Edema radiography
1 Up to 5° Lower Normal

0.5 cm

I 5-10° 0.5-2.0cm  Normal
IIMA  Greater Greater than Normal
mB  than 10° 2.0 cm Laxity greater

than 3 mm

Legend: ROM — range of movement

judge the prognosis and design the rehabilitation
program [19, 58].

Konradsen and colleagues [59] proposed, in
1991, a severity classification system grouped
into three grades according to the injury severity:
mild (grade 1), moderate (grade 2), and severe
(grade 3). This classification is easily reproduc-
ible and should be applied 5 days after the injury
(Table 10.2) [59].

However, when dealing with elite athletes,
providing a precise prognosis as soon as possible
plays a crucial role, as time to return to competi-
tion is a determinant factor. Thus, Malliaropoulos
and colleagues [60] proposed a simple grading
system for the severity of acute lateral ankle
sprains in athletes based in accurate objective cri-
teria (Table 10.3).

In addition, a functional classification of ankle
sprains, based on the patient’s ambulatory ability,
may also be made (Table 10.4).

Swelling,
tenderness, and
pain Laxity
Minor swelling and Normal
tenderness

Mild to
moderate

Moderate swelling,
tenderness, and
pain

Severe swelling and Increased
pain

Function
Minimal

Some loss of motion
and moderate
functional disability
Major loss of function
and reduction of

motion

Table 10.4 Functional classification of ankle sprains

Grade

1 The ankle feels stable and the patient is able to
walk with minimal pain

Grading criteria

11 The ankle sometimes feels stable, and tender
damaged areas and walking are clearly painful

I The ankle is unstable and the patient may feel
some “wobbly” of the ankle joint. Walking is
usually not possible due to “giving away”
symptomatology and intense pain

When considering the ankle joint stability,
two types of instability may be considered
[14, 61]:

e Mechanical ankle instability: clinical and
radiographic evidence of pathological laxity
(excessive talar movement) after ankle liga-
mentous injury

e Functional ankle instability: occurrence of the
recurrent ankle instability and the sensation of
joint instability due to the contributions of
proprioceptive and neuromuscular deficits,
without radiographic and clinical evidence of
tibiotalar laxity

Chronic ankle instability implicates the occur-
rence of repetitive bouts of episodes of lateral ankle
instability, resulting in numerous ankle sprains,
associated with biomechanical instability [14].

Dynamic ankle joint stiffness, defined as passive
and active resistance of the joint structures (muscles
and other soft tissues which cross the ankle joint),
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generating a net joint moment response [62], should
also be considered when assessing ankle stability. It
has been suggested that there may be an optimal
volume of stiffness that allows the player’s perfor-
mance with lower risk of injury, taking into account
the type of activity or task, gender, and the degree of
muscle activation [63-65]. In this sense, increased
stiffness may be associated to bony injuries, as
decreased stiffness might be correlated with soft tis-
sue injuries. Nevertheless, increased stiffness has
been advocated to yield clinically relevant benefits
toward performance, diagnosis, and injury preven-
tion programs [63, 65, 66].

10.2.3 Diagnosis

Lateral ankle sprain is known to be the most fre-
quent traumatic sports-related ankle injury. The
correct diagnosis and accurate subgrouping of
the patients are essential for the treatment suc-
cess. In this sense, it is important to exclude all
differential diagnosis including fracture, high

ankle sprain, cuboid syndrome, medial ankle
sprain, and osteochondral lesion [58]. In addi-
tion, neural, muscular, and vascular structures
should also be assessed [67].

Usually, a comprehensive medical history
taking and an accurate physical examination are
enough to the diagnosis of an acute lateral ankle
sprain [67]. Performing the physical examina-
tion in an acute setting is not recommended,
once the results may be unreliable and once the
results may be biased or limited due to ankle
mechanical pain [57]. It has been reported that
delayed physical diagnostic examination (within
4-5 days post-injury) provides better diagnostic
accuracy, with high sensitivity and specificity
values (96% and 84 %, respectively) [68]. Hence,
physical examination should be performed as
soon as the athlete’s swelling and pain have
decreased, and it has been confirmed that the eti-
ology of the swelling is edema or hematoma
[57]. The physical examination must include
inspection of the ankle complex, palpation of the
ATFL (Fig. 10.2), the talar inversion tilt test, and

Fig. 10.2 Evaluation of tender spots—anterior talofibular ligament (on the leff) and calcaneofibular ligament (on the
right)
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Fig. 10.3 (a) Anterior drawer test for involvement of
anterior talofibular ligament injury. The test determines
the amount of talus anterior displacement over the tibio-
fibular mortise. It is used to assess mainly the ATFL. A
force is applied in the anterior direction from the calca-
neus (yellow arrow), and the amount of talar displacement
is observed anteriorly to the tip of the fibula (red circle)

the anterior drawer test (Fig. 10.3), and a few
considerations may be made regarding the lat-
eral ankle ligaments rupture [57, 69]:

e Pain during palpation combined with hema-
toma discoloration (90% chance of rupture)

e Pain during palpation combined with a posi-
tive anterior drawer test and hematoma discol-
oration (sensitivity of 100% and specificity of
T7%)

When assessing athletes with suspicion of
ankle lateral ligamentous injury, in addition to
the considerations above, the clinician should
also assess the ankle and subtalar joint range of
motion, ligamentous mechanical laxity, muscular
strength, and functional performance (such as

(b). Talar inversion tilt test: The foot and ankle are main-
tained in the neutral position. The examiner stabilizes the
distal lower leg while cupping the calcaneus with the
opposite hand. The talus is then rolled inward to inversion.
This test checks the integrity of the lateral ligaments, spe-
cifically the calcaneofibular, anterior talofibular, and pos-
terior talofibular ligaments (in order of involvement)

single-limb balance, star excursion balance test,
and hop tests) [58, 60, 67]. In addition, several
outcome instruments [70-75] may be used to
further qualify the lateral ankle joint status
(Table 10.5).

Table 10.5 Outcome measure scales for rating ankle sta-
bility, functionality, and activity limitation

Purpose Scale

Stability Cumberland Ankle Instability
Tool [70]
Chronic Ankle Instability
Scale [71]

Functionality Foot and Ankle Ability Measure

(FAAM) [72, 73]
Foot and Ankle Outcome Score
(FAOS) [74]

Activity limitation ~ Sports Ankle Rating System [75]
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Diagnostic physical examination is known to
be dependent of the clinician’s sensitivity and
experience [76]. Hence, several mechanical test-
ing devices have emerged as a potential instru-
ment to objectively measure the ankle ligamentous
laxity [77-83].

After a lateral ankle sprain, if there are recur-
rent episodes of giving away and/or “feelings of
instability,” the clinician should suspect of the
development to chronic ankle instability [13, 14].
In this sense, the chronic ankle instability may be
subgrouped into biomechanical (mechanical and
functional) instability, or even the presence of
both types of ankle instability [84]. By subgroup-
ing the patients into different categories, the cli-
nician may tailor the rehabilitation protocol in
accordance to the specific deficits associated with
the type of instability and personalize it in order
to address each player’s needs and expectations.

10.2.4 Imaging Evaluation

When dealing with athletes with an acute lateral
ankle trauma, radiography is of upmost impor-
tance to exclude the presence of any ankle frac-
ture [19]. In this sense, the Ottawa and Bernese
ankle rules may be used as criteria to exclude
ankle fractures; however, the Ottawa ankle rules
seem to be more reliable [85, 86].

Stress radiography has no role in the routine
diagnosis of acute lateral ankle ligament injuries
[19]. In addition, during the acute setting, per-
forming stress radiography evaluation may
appear difficult due to pain, edema, and muscle
spasms [87]. This diagnostic tool is able to mea-
sure the soft tissue structures’ passive stiffness
and identify the presence of increased laxity
within the talocrural and subtalar joints (Fig.
10.4) [88, 89]. Hence, it provides the possibility
to further characterize the ankle instability and
better direct the treatment.

Magnetic resonance imaging (MRI) may be
useful to assess the integrity and morphology of
the lateral ankle ligamentous complex and its
peripheral tissues (Fig. 10.5) [67]. In addition, it
has a valuable role in the differential diagnosis

Fig.10.4 Stress radiography evaluation of the right foot

of osteochondral lesions, tendon disorders, and
occult fractures [90, 91]. It has been suggested
that performing the imaging studies with resort
to superficial coils and with the ankle at 20
degrees of flexion improves the ligament visual-
ization [19]. Nevertheless, osteochondral lesions
may be better identified using computed tomog-
raphy (CT) [19]. Moreover, CT scans may be
useful to assess the articular surface, abnormal
osseous anatomy, and avulsion fractures [92].

The ultrasound is able to provide a detailed
and accurate depiction of the normal ankle’s
anatomic structures and ligament integrity [93].
In which concerns ankle ligament ruptures, it has
high sensitivity (92%) and moderate specificity
(64%), with positive and negative predictive val-
ues of 85 and 77%, respectively [76, 94].
Although stress ultrasonography may cause
some discomfort and requires some level of
expertise, it may augment the accuracy of the
diagnosis [19, 95].
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Fig. 10.5 Magnetic resonance imaging of the left foot. It has visible signal changes in the lateral ligament complex
(mainly in the CFL)

10.2.5 Surgical Versus Conservative
Management

It has been discussed over the past decades which
treatment approach provides better outcomes
after an acute lateral ankle ligament injuries. In
this sense, Kekhoffs et al. [96] performed, in
2007, a Cochrane systematic review of random-
ized control trials (20 randomized control trials
and 2562 patients included) assessing the surgical
versus conservative treatment for acute injuries of
the lateral ligament complex of the ankle in adults.
The authors found no statistical significant superi-
ority in which concerns the two treatment
approaches. More recently, two randomized con-
trol trials also compared the surgical treatment
against functional treatment, showing, likewise,
no clear superiority of one approach over the
other [97, 98]. Thus, the decision between surgi-
cal and conservative treatment must be on an indi-

vidual basis, taking into account the relative
benefits and risks of each treatment approach
[96], as also, other relevant sports-related fea-
tures, such as athlete’s individual and team expec-
tations, time into the season and/or career,
expected ankle load, medical history, time since
the trauma/injury, and concomitant injuries [99].

Several plausible advantages in favor of pri-
mary repair of acute lateral ankle ligaments’ rup-
ture may be enunciated, such as enhanced
ligament healing, reduced layoff days from train-
ing/competition, inferior rate of recurrence epi-
sodes, and lower risk of developing chronic ankle
instability [98, 100]. In addition, surgical repair
provides better objective stability to the ankle
joint (positive talar tilt on stress radiographs or
positive anterior drawer sign) [19], which plays a
crucial role in the elite athlete.

When considering elite athletes, expert con-
sensus (level V) [19, 69] suggests the surgical
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treatment as a primary approach once it provides
a better chance in maintaining the ankle joint sta-
bility. In addition, it has also been recommended
that the surgical repair of acute lateral ankle liga-
ments injury should be performed by an experi-
enced surgeon, once it will likely improve the
outcomes [19, 101, 102].

10.2.6 Surgical Management

Since its first report in 1932 by Nilsonne [103],
ankle ligament surgery has been gaining its
place in the orthopedic and traumatology com-
munity (specially within the sports medicine
scope), and dozens of new techniques have been
developed [104].

In relation to ankle ligament surgery, two
main approaches appear: anatomic and nonana-
tomic reconstruction. The nonanatomic recon-
struction using local tendons has been proposed;
however, it can lead to functional and mechanical
instability, restricted ankle range of movement,
subtalar and tibiotalar stiffness, higher rate of
reoperations, development of chronic pain,
degenerative joint disease changes, and impaired
sports performance [105-110]. The anatomic
reconstruction (Fig. 10.6) usually provides good
long-term outcomes in which concerns stability,
decreased symptomatology, and functional abil-
ity [111-114]. In this sense, the Brostrom proce-
dure, along with its modifications, has been
accepted and has the gold standard procedure to
surgically treat lateral ankle ligament injuries
[57, 115]. In addition, anatomic reconstruction

with tenodesis augmentation with autograft or
allograft tissue (usually from the hamstrings) has
been proposed, with good results [116—-119]. In
fact, it has been demonstrated that anatomic
reconstruction of the ATLF with semitendinosus
allografts provides similar strength and stiffness
as the native ligament at time zero in a fresh-
frozen cadaveric model. This approach is clearly
useful in clinical situations where a Brostrom
repair is unlikely to be successful or has previ-
ously failed [120]. Additionally, it may be con-
sidered a suture-tape augmentation of ATFL
[121, 122], once it is at least as strong and stiff as
the native one at time zero in a cadaveric model
[121]. Moreover, other modified techniques have
emerged to address the specific needs of high-
demanding athletes [123, 124].

More recently, arthroscopic techniques for
repair of the lateral ankle ligaments (Fig. 10.7)
have been gaining increasing interest as they pro-
vide an improved diagnosis of the lesion diagno-
sis, also reduce the surgical aggression, and
shorten the rehabilitation process [57, 125, 126].
In this sense, and along with the development of
novel anchor and fixation devices, several
arthroscopic techniques have been developed to
repair the lateral ankle ligaments [125, 127-140].
However, there is still limited evidence to sup-
port the arthroscopic repair since most available
studies are either technical notes or case series
(level IV and V) [141]. Nevertheless, biomechan-
ical cadaveric studies comparing open Vs
arthroscopic approach for lateral ankle instability
found that the minimal invasive approach
provided an effective ankle stabilization, and,

Fig. 10.6 Anatomic reconstruction. Arthroscopic evaluation confirms a poor ATFL remnant (on the leff). Mini-open
approach is then used for ATFL and CFL repair
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Fig.10.7 Arthroscopic Brostrom repair: (a) and (b) after
introducing the arthroscope in the media portal, the lateral
gutter is inspected, and the lateral portal is created by

therefore, a minimally invasive, arthroscopic
approach may be deliberated for the treatment of
lateral ankle instability [142, 143]. In addition,
ESSKA-AFAS Ankle Instability Group consen-
sus opinion suggests that the arthroscopic ana-
tomical reconstruction of the lateral ankle
ligaments is feasible and reproducible procedure
if performed by an experienced surgeon used to
the arthroscopic techniques [144].

transillumination, and instruments can be introduced. (c¢)
The ATFL remnant is inspected (red arrow). (d) Two
anchors are placed for final ligament’s repair

When dealing with athletes, a direct anatomic
repair of the ruptured ligaments by an expert
ankle/sports surgeon in order to provide the best
surgical approach without compromising or
delaying return to competition is suggested [145].

The rehabilitation following ankle ligament
surgery in athletes usually involves some con-
troversy due to the conflict between the athlete
safety concerns and the return to play as soon
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as possible. In the postsurgical phase (10—
14 days), the athlete’s ankle is immobilized.
After wound inspection, it is allowed for the
patient to walk in full weight-bearing while
using a walker boot. However, walking without
any protection should not be allowed until the
sixth week. In the early rehabilitation phase
(6-10 weeks), the athlete is allowed to walk
with any support, and the rehabilitation goals
include increased muscular strength and lower
limb range of motion, restored full ankle/foot
active range of motion, and improved gait sym-
metry. To progress to the late rehabilitation
phase (8—12 weeks), the athlete should be able
to walk with turns without pain, good static bal-
ance, and at least 90% of muscular strength
compared to the contralateral side. At this
phase, the muscular strengthening is performed
unilaterally, and rehabilitation goals are based
in the balance and functional performance
improvement. As soon as the athlete demon-
strates good ankle functional performance
(functional tests at least 90% compared to the
contralateral side), the athlete progresses to the
sports-specific training phase, which is usually
between the 12th week and the 14th month. In
this last phase, the athlete returns to running
and agility exercises, as sport-specific drills are
added to the rehabilitation [146].

10.2.7 Conservative Management

Conservative management of lateral ankle liga-
ment injuries is based on the early functional reha-
bilitation focusing on the controlling of clinical
symptomatology and restoration of the neuromus-
cular deficits (such as proprioceptive deficits and
peroneal muscle latency [147, 148]). In this sense,
the early rehabilitation should include the PRICE
protocol (protection, rest, ice, compression, and
elevation), early range of movement exercises,
progressive weight-bearing and peroneal strength-
ening, and proprioceptive training [87, 149-151].

In the healing phase, the PRICE protocol
helps to control the clinical symptomatology
(specially pain and swelling). The cryotherapy
should be performed intermittently and may be

applied through immersion or direct approach
[152, 153]. The application of ice with nonsteroi-
dal anti-inflammatory medication may enhance a
faster healing [150].

Progressive early weight-bearing with support
has shown to have significant clinical and func-
tional benefits and cost-effectiveness in the treat-
ment of acute lateral ankle sprains [154-156].
During the healing phase, the use of crutches or
other walking supports may prevent the occur-
rence of reinjury and reduce the pain during
walking, providing improved conditions to the
athlete and the rehabilitation exercises [67].

Short-term plaster immobilization or similar
rigid supports (£ 10 days) in the acute healing
phase may provide a hasten decrease on pain and
swelling [69, 157]. Nevertheless, a 4-6-week
functional treatment is preferable [69, 158, 159].
Several external ankle supports have shown to be
helpful in the treatment of acute lateral ankle
sprains [160, 161]. Within this scope, lace-up
ankle orthosis has shown better results than semi-
rigid ankle support, elastic bandage, and tape
[161] and should be recommended [69].

Therapeutic exercises should be added to the
treatment plan and should be tailored to increase
ankle range of motion, strengthen the peripheral
muscles, and restore the neuromuscular deficits
[162—-168]. Trunk and hip strengthening exer-
cises may also be included in order to address
potential hip strength deficits and consequently
reduce the risk of reinjury [39, 58]. In addition,
the incorporation of early manual therapy, such
as articular mobilization, soft tissue massage, and
lymphatic drainage, may be helpful in decreasing
the joint stiffness and swelling, as well as increase
the ankle range of movement [163, 169-171].
Correcting ankle joint malpositions in pre-
landing to post-landing stages will improve mus-
cle recruitment and co-contraction, enhancing
the ankle dynamic postural control in patients
with chronic ankle instability [172].

In which concerns the use of physical agents, the
scientific literature provides conflicting evidence
regarding electrotherapy [173—175], low-level laser
therapy [176, 177], and therapeutic ultrasound
[178] and therefore are not recommended for acute
lateral ankle sprains. Pulsating shortwave diathermy
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seems to be beneficial in decreasing edema and
associated gait deviations [179].

Sports-specific training is important and
should be included in the more advanced phase
of ankle ligament injuries’ rehabilitation [67].
This sports-specific training should focus to the
reestablishment of mobility, strength, and coordi-
nation while performing the sport-specific exer-
cises [58, 146].

10.2.8 Prevention

One of the bases to design a prevention program
is a comprehensive and accurate screening of the
athlete’s biomechanical performance. This initial
screening will allow the physiotherapist to iden-
tify the athletes at risk of sustaining an ankle liga-
ment injury and measure potential neuromuscular,
proprioceptive, and ligamentous laxity deficits.
As soon as the modifiable risk factors are identi-
fied, the physiotherapist should focus on correct-
ing those impairments to prevent future injury/
reinjury. Even after a successful return to the
competition, the athlete should continue with his
prevention exercises in order to prevent further
damage, recurrence of the injury, or new injuries
(secondary prevention). In this sense, the follow-
up screening is crucial to measure the effects of
the preventive strategies and keep tailoring the
prevention program to address each athlete’s
individual deficits.

Several preventive strategies have been sug-
gested in the scientific literature. The use of brace
to prevent an inversion injury is recommended,
and different systematic reviews have shown to be
an effective strategy [160, 180, 181]. Although
exercise therapy shows conflicting evidence in the
literature [39, 163, 180, 182—187], the implemen-
tation of balance and coordination training within
the preventive programs is recommended [69].

These prevention programs are proven to be
cost-effective and able to reduce the associated
cost of €69 and €332 for non-injured and injured
athletes, with an overall €35.9 million reduction
per year in the Netherlands [183]. Thus, promot-
ing adherence and compliance strategies to these
prevention programs is of upmost importance.

10.3 Tibiofibular Syndesmotic
Injuries

Tibiofibular syndesmotic injuries are also known
as high ankle sprains. Compared to the lateral
ankle ligament injuries, tibiofibular syndesmotic
injuries are rare once they require higher loads to
fail [87]. Several injury mechanisms have been
described; however, the most common involves
hyperdorsiflexion and external rotation of the
ankle [188], which can also injure the deltoid
ligament [189]. In football, the injury mechanism
usually involves (1) quick internal twist of the
externally rotated foot with lateral impact on the
leg or (2) external lateral trauma to the lower leg
(proximal to the heel), forcing the footballer
ankle to external rotation [190].

The ESSKA-AFAS consensus panel has pro-
vided a definition to isolate syndesmotic injuries as
“injury of one or more ligaments of the tibiofibular
syndesmosis with or without the association of the
injury of the deltoid ligament” [191]. Moreover,
they classified these injuries based on the time from
injury, as it affects the management:

e Acute: less than 6 weeks
e Subacute: between 6 weeks and 6 months
e Chronic: more than 6 months

In addition, a distinction between total and
partial rupture of the syndesmotic ligament is
crucial [192]. Medical history may assist in
determining the extent of the injury [57]. Physical
examination involves palpation of the membrane
interossea, and manual test includes cotton test,
dorsiflexion-compression test, external rotation
stress test, fibular translation, palpation test, and
squeeze test [191]. If the pain and swelling extend
proximally through the interosseus membrane,
an unstable ankle mortise should be suspected,
since they have direct correlation [192].
Nevertheless, in the acute setting, the diagnosis
may be difficult since 40% of the patients may
also present pain on the anterior distal talofibular
ligament with no rupture of the syndesmotic liga-
ments [193]. The MRI provides high sensitivity
(95%) and specificity (90%) figures [190, 194]
and may be reliably used in the diagnosis and
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prognosis of syndesmotic ligament injuries in
football players [193]. Stress ultrasonography
may be considered as it provides a cheaper and
faster examination [195].

The ESSKA-AFAS consensus panel [196]
recommends that acute isolated syndesmotic rup-
tures with rupture of the anterior-inferior talofib-
ular ligament, with or without interosseus
ligament, and with an intact deltoid ligament
should be treated conservatively: non-weight-
bearing with initially rest, cryotherapy, and
walker boot (3 weeks). Following these for
3 weeks, proprioceptive training, strengthening,
and mobility exercises should be included into
the conservative treatment [196, 197]. Acute syn-
desmotic injuries with deltoid ligament rupture
(unstable) should be treated surgically [196]:
screw fixation, dynamic fixation with a suture
button, or direct repair of the anterior inferior
talofibular ligament with or without suture
anchors/button [196, 197].

10.4 Deltoid Ligament Injuries

Isolated deltoid ligament injuries are uncommon
and mostly associated with lateral malleolar and
fibular fractures [198]. The primary mechanism
of injury mainly involves eversion or external
rotation of the ankle, which in athletes usually
occurs during an off-balanced, pronated foot
landing [199]. This injury is often associated
with anteromedial pain instead of recurrent
medial ankle instability [57]. Hintermann et al.
[200] classified these injuries into three grades
based on the location and severity of injury
(Table 10.6).

Table 10.6 Hintermann classification of medial ankle
injuries [200]

Grading criteria

Grade Localization Ligaments involved

I Proximal tear or Tibionavicular or
avulsion tibiospring

1I Intermediate tear

1T Distal tear or Tibionavicular and
avulsion spring

Radiography should include anteroposterior,
mortise, and lateral views, providing moderate
sensitivity (57%) and specificity (60%) [201]. On
the other hand, MRI provides high sensitivity and
specificity figures to superficial and deep deltoid
ligament layers [202], with clinical use at the
acute setting [198]. In addition, ultrasonography
has high diagnostic accuracy, with 100% sensi-
tivity and specificity reported [201]. CT scans
may be used in cases with associated fracture or
avulsion or when bony morphology is unclear on
radiographs or MRI [198].

Isolated superficial deltoid ligament injury
may be treated with short-term immobilization
and rehabilitation program similar to the one
discussed for lateral ankle ligament injuries
[198, 203]. Acute and chronic deltoid ligament
injury and deltoid ligament insufficiency may
be treated surgically through direct repair or
reconstruction, once it might provide an early
stabilization and anatomical reduction of the
talus and, therefore, facilitate the early rehabili-
tation [198, 203].

10.5 Return to Training
and Competition

In the majority of the players that have suffered an
ankle sprain, the initial inflammatory symptomatology
may be resolved through conservative management
inashort period of time [152, 160, 162]. Nevertheless,
these athletes often present disabling symptomatol-
ogy and decreased performance due to loss of
strength and power and functional deficits (poor
balance and neuromuscular control), which may
persist even after returning to practice [37, 204—
207]. In this sense, Konradsen et al. [23] fol-
lowed 648 patients with lateral ankle sprains for
a period of 7 years. They found that 32% of the
patients still presented clinical symptomatology
(pain and/or swelling) and/or recurrent sprains.
Around 70% of these patients also reported func-
tional impairments at the 7-year follow-up. In
addition, Perron et al. [208] reported persistence
of eversion and plantar flexion concentric
strength deficits in 32 male military units at
6 months post-injury.
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After an acute lateral ankle sprain, there is a
high likelihood of a rapid return to training and
competition [209-211], which can be enhanced
with accelerated rehabilitation protocols [211],
nevertheless with a twofold increased risk of
reinjury within the following year [212, 213]. In
addition, it has been reported that, even after suc-
cessful return to play, residual deficits may per-
sist leading to a higher risk of injury recurrence
[214]. These include pain (30%), instability
(20%), crepitus (18%), weakness (17%), stiftness
(15%), and swelling (14%) [6].

It was reported that successful return to train-
ing and competition after acute lateral ligament
repair (grade III injuries) was 63 days (49-110)
and 77 days (56-127), respectively. However,
when associated injuries were present, the return
was delayed to 86 days (63-152) and 105 days
(82-178). Still, all patients return to their pre-
injury athletic level [102]. In another study, with
a short- to medium-term follow-up after a modi-
fied Brostrom repair with immediate postopera-
tive weight-bearing, a 94% return to sports at the
pre-injury levels was reported, and the remaining
athletes abandoned sports due to associated inju-
ries [215]. In a case series with a 9-year follow-
up of 42 athletes after isolated ATFL ligament
Brostrom repair, 58% of the athletes return to
practice at the pre-injury levels as other 16% low-
ered their athletic levels, but were still perform-
ing less demanding sports [114].

In which concerns tibiofibular syndesmotic
injuries, Calder et al. [216] found that patients with
anterior inferior tibiofibular ligament and deltoid
ligament tenderness and presented positive squeeze
and external rotation tests had unstable syndesmo-
sis at arthroscopy. They reported a mean time to
return to sports of 45 days (23-63) for patients
treated conservatively (grade Ila injuries) com-
pared with 65 days (27-104) for those with treated
with surgical fixation (grade IIb injuries). Patients
that had injured both the anterior inferior tibiofibu-
lar ligament and deltoid ligament took longer to
return to sports, as well as the ones that required
concomitant chondral surgical procedure. The
authors suggested that the cornerstone for a suc-
cessful treatment relies on preserving the anatomic

restoration of the syndesmosis throughout the
duration of treatment until full healing is achieved.
Athletes with lateral ligament surgical repair
should expect a successful return to competition,
within 2-3 months postsurgery. Regarding tibio-
fibular syndesmotic injuries, it should be expected
that the return to competition is within 1-2 months
and 1-3 months for patients treated conserva-
tively or with surgical fixation, respectively.

10.6 Final Remarks and Future
Directions

Ankle ligament injury management underwent
important developments in the last few decades.
Nowadays, trend of arthroscopic anatomic recon-
struction/repair provides the closest replication of
the ligament’s native anatomy, showing promis-
ing results. Diagnostic procedures have also expe-
rienced several advancements, providing good
figures of diagnostic accuracy. Both conservative
and surgical managements have proved to be
effective, with preference of the surgical treat-
ment for athletes due to the increased ligament
stability provided. Neuromuscular and functional
prevention programs are cost-effective and might
help to prevent the injury recurrence. Acute
syndesmotic injuries with deltoid ligament
rupture (unstable) should be treated through sur-
gical approach. Deltoid ligament injury/insuffi-
ciency may be treated through direct repair or
reconstruction. After an acute injury, a rapid
return to competition may be expected, however
often associated with long-term residual deficits.
Future research should be focused in:

e Refined arthroscopic repair techniques

* Improved arthroscopic ATLF fixation

e Developed biomechanical dynamic testing
protocols

e Developed effective secondary prevention
programs

e Improved adherence and compliance with pre-
vention programs

e Defined objective criteria to allow returning to
training/competition
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11.1 Introduction

An osteochondral ankle defect (OCD) is a lesion
of the talar cartilage and subchondral bone mostly
caused by a single or multiple traumatic events,
leading to partial or complete detachment of the
fragment (Figs. 11.1 and 11.2) [1].

The defects cause deep ankle pain associated
with weight bearing. Impaired function, limited
range of motion, stiffness, catching, locking, and
swelling may be present [2]. These symptoms
place the ability to walk, work, and perform
sports at risk.
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Fig. 11.1 CT image of talus osteochondral defect with
bone cyst formation (yellow arrow). A cartilage defect in
a congruent joint enables joint fluid to penetrate the sub-
chondral bone leading to osteolysis. Bony defects are bet-
ter evaluated in CT opposing to MRI

Fig. 11.2 MRI T2 image of medial talus osteochondral
defect (yellow arrow). Edema is sometimes related to
“active” (more symptomatic) lesions

Symptomatic osteochondral ankle defects
often require surgical treatment [3].

11.2 Etiology

A traumatic insult is widely accepted as the most
important etiologic factor of an OD of the talus [1].

The injury was classified by Berndt and
Harty in 1959 [4].

Ankle sprains cause intra-articular pressure
impact and have a prominent role in the develop-
ment of traumatic OCD. For lateral talar defects,
trauma has been described in 93-98% and for
medial defects in 61-70% [1].

The trauma causing the lesion can be a single
event or a series of less intense (micro) traumas,
which may remain unrecognized in some cases.

As not all patients report a history of ankle
injury, a subdivision can be made in the etiology
of nontraumatic and traumatic defects [2].
Ischemia, subsequent necrosis, and possibly
genetics are etiologic factors in nontraumatic
OCD [2].

11.3 Epidemiology

Symptomatic OCDs of the talus usually appear in
the second or third decade of life. Men are
affected more often than women.

Approximately 1 in 10,000 people per day
suffers an ankle injury [2]. Talar OCDs occur in
15-25% of these injuries. These data suggest that
OCDs are common but not always cause symp-
toms [5].

11.4 Clinical Presentation

In the acute situation, an OCD of the talus often
remains unrecognized since the swelling and
pain from the lateral ligament lesion prevail.

When the symptoms of the ligament injury
have resolved after some weeks, symptoms of
persistent swelling, limited range of motion, and
pain on weight bearing may continue. If symp-
toms have not resolved within 4-6 weeks, an
osteochondral defect should be suspected.
Locking and catching are symptoms of a dis-
placed fragment [2].
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Chronic lesions typically present as persistent or
intermittent deep ankle pain during or after activity.
Most patients demonstrate a normal range of
motion with the absence of recognizable tenderness
on palpation and absence of swelling. However,
reactive swelling or stiffness may be present [6].

11.5 Cause of Pain
in Osteochondral Ankle
Lesions

Several factors can play a role in the cause of
pain in ODs.

A rise in intra-articular pressure can be a cause
of pain in degenerative joint disease [7]. However,
it is unlikely that in a localized osteochondral
talar defect, a raise in intra-articular pressure
plays a role [8]. These patients typically do not
demonstrate relevant joint effusion.

Nerve endings can be found in the synovium
and joint capsule. Patients with an OD of the
ankle, however, generally do not show much
synovitis. The synovium of the anterior ankle
joint can be palpated since it lies directly under
the skin. These patients usually can differentiate
this secondary synovial pain from the deep ankle
pain caused by the OD. The disabling deep ankle
pain on weight bearing cannot be reproduced
during physical examination.

The most probable cause of this pain is the
nerve endings in the subchondral bone that have
been firstly detected in the early 1990s [5, 9] [3].

Pain probably develops as a rise in fluid
pressure, and a decrease in pH excitates nerve
fibers present in bone [4].

11.6 Natural History

The lesions can either heal and remain asymp-
tomatic or progress to deep ankle pain on weight
bearing and formation of subchondral bone
cysts [10].

The natural history of osteochondral lesions
of the talus whether treated or not is benign [3].
Reports of ankle arthrodesis following ODs of
the talus are rare [5].

11.7 Joint Congruency
Versus Cartilage Thickness

The cartilage of the talar dome is thin in com-
parison with the cartilage of other articulating
surfaces. The average cartilage thickness of the
talar dome is 1.11 (£0.28 mm) in women and
1.35 (£0.22 mm) in men [5].

Braune and Fischer proposed that articular
cartilage is thicker in regions of low congru-
ence. Simon et al. related joint congruence to
cartilage thickness [11].

Shepherd and Seedhom hypothesized that
congruent joint surfaces, such as those in the
ankle and elbow, are covered only by thin articu-
lar cartilage because the compressive loads are
spread over a wide area, decreasing local joint
stresses and eliminating the necessity for large
cartilaginous deformations. Incongruent joints
are covered by thicker cartilage which more eas-
ily deforms, thereby increasing the load-bearing
area and decreasing the stress per unit area [12].

11.8 Cartilage, Subchondral
Bone, and Loading

Ramsey and Hamilton found that a 1-mm lateral
talar shift, as occurs after an ankle fracture mal-
union, reduces the contact area by 42% and a
2-mm lateral shift reduces the contact area by 58%
[13]. A 1-mm shift generally is considered accept-
able, while a 2-mm shift should be surgically cor-
rected because of the high risk of degenerative
changes [13].

Apparently, the talar cartilage can adapt to
an increase in contact stress as great as 42%.

Christensen et al. evaluated the effect of talar
OCDs graduated in size. Significant changes in
contact stresses were demonstrated only for
larger lesions (diameter, >15 mm) [14].

It has been postulated by van Dijk that the
increase in load caused by a small OCD proba-
bly is not large enough to cause damage to the
remaining cartilage in a normally aligned ankle
[5]. However, any varus or valgus malalign-
ment increases the likelihood of cartilage dam-
age by high contact stresses [14].
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11.9 Types of Osteochondral
Defects in the Ankle
and Subchondral Cyst
Formation

The consecutive stages of local ODs may help us
to understand the development of the defects.
Superficial lesions consist of sheared off flakes
with an intact subchondral bone plate. In a more
severe defect, the subchondral bone is damaged,
as with microfractures and bone bruises [9]. The
reticular type bone bruise is not continuous with
the adjacent articular surface. In general, this
type heals normally, and the healing occurs from
the periphery to the center.

Subchondral cyst formation (Fig. 11.1) has
been hypothesized to be caused by the damaged
cartilage functioning as a valve [10, 15]. This
valve mechanism would allow intrusion of fluid
from the joint space into the subchondral bone,
but not in the opposite direction [5].

On the weight-bearing phase of gait, there is
full contact between major parts of the talar and
tibial cartilage, with most contact over the talar
shoulders. During this phase, pressures in oppos-
ing talar and tibial cartilage are theoretically iden-
tical, which may result in the forcing of fluid in
the direction of the least resistance, i.e., the dam-
aged subchondral bone. Backflow is prevented by
the direct contact of opposing cartilage. During
unloading of the joint, joint space fluid may reen-
ter the articular cartilage. On the next weight-
bearing cycle, this fluid again is intruded in the
subchondral bone. This repetitive mechanism rep-
resents a vicious circle, causing the intermittent
shift of synovial fluid under high pressure into the
damaged subchondral talar bone. Development of
a subchondral cyst is then just a matter of time.

11.10 Imaging

Radiographs (weight-bearing anteroposterior
mortise and lateral views) are the preferred ini-
tial investigation for a suspected OCD. The sen-
sitivity and specificity of the combination of
medical history, physical examination, and
radiography are 59% and 91% [16].

FLEXAOPLANATAR NS

3.75 0.75:1 AVERAGE

Fig. 11.3 Plantar-flexed CT sagittal view for preopera-
tive planning (yellow arrow represents possible approach
by surgical instruments)

An anteroposterior heel rise view with the
ankle in a plantar-flexed position may reveal a
posteriorly located defect.

The radiographs may show an area of
detached bone or radiolucency. Initially, the
damage may be too small to be visualized on
routine radiography. By repeating the imaging
in a later stage, the abnormality sometimes
becomes apparent.

The sensitivity and specificity of CT to
detect an OCD are 81% and 99%, respectively;
those of MRI are 96% and 96% [16].

In diagnosing a talar OCD, CT is as accu-
rate as MRI (p = 0.33). CT is useful in deter-
mining the size, location, shape, and degree
of displacement of osteochondral fragments
and is therefore valuable in preoperative plan-
ning [16].

Moreover, CT (particularly plantar-flexed
sagittal view) can be helpful when deciding if
the lesion is reachable by arthroscopic approach
(Fig. 11.3) or requires open surgery (combined
with osteotomy or ligament’s release).

MRI offers the advantage of visualizing
bone bruises, articular cartilage damage, and
other soft tissue insults, but signal patterns in
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the talus may overestimate the severity of the
bone injury [16].

Two types of bone bruises can be found on
MRI. The reticular type bone bruise is not
continuous with the adjacent articular surface
[5]. In general, this type heals normally, and
the healing occurs from the periphery to the
center. The geographic type bone bruise is
continuous with the adjacent articular surface
[5]. It is this type that is often associated with
ODs of the talus. Spontaneous healing is
impaired or absent [5].

11.11 Surgical Treatment
Strategies

The surgical treatment strategies to OCD of the
ankle can be divided in three groups.

Debridement and bone marrow stimulation
(microfracturing, drilling, abrasion arthro-

plasty, retrograde drilling), with or without
loose body removal (Figs. 11.4 and 11.5) [3].

Fig. 11.4 Debridement and microfractures for talar
osteochondral defect

Fig.11.5 MRI image of tibial osteochondral defect (a). Retrograde drilling using specific aiming device (b)
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Fig. 11.6 Fixation of a loose osteochondral fragment
after lifting, debridement and drilling, filling with bone
autograph, and ultimately screw fixation

Fixing a lesion to the talar dome (fragment
fixation, cancellous bone grafting) (Fig. 11.6) [7].

Development or replacement of hyaline or
hyaline-like cartilage (osteochondral autograft
transfer [OATS], autologous chondrocyte
implantation [ACI]) [6, 17].

Tissue engineering is promising to have a
growing role in the present and also for the future
(growth factors, cytokines, stem cells, hydrogels)
especially in ankle lesions [8, 18-24].

Based on the current best available evidence,
at present, treatment by means of debridement
and bone marrow stimulation is the most effective
treatment strategy for symptomatic osteochon-
dral lesions of the talus with an average success
rate of 85% (41-93%). Large lesions (>15 mm)
and secondary cases may be treated by OATS
(success rate 76%) or ACI (success rate 87%) [9].

The surgical approach is determined by the
size and location of the lesion as well as the
type of surgical treatment.

The preferred approach of most lesions is by
means of anterior arthroscopy [25].

Alternative approaches are posterior arthros-
copy by means of a two-portal hindfoot
approach and open arthrotomy with or without
a medial malleolar osteotomy [16].

Arthroscopy offers less postoperative mor-
bidity, faster and functional rehabilitation, and
earlier resumption of sports [6].

11.12 Debridement and Bone
Marrow Stimulation (BMS)

Advantages of this technique are the possibility
of arthroscopy, the relatively easy procedure,
and early rehabilitation. A disadvantage is the
formation of fibrous cartilage rather than hya-
line cartilage. Although often successful, this
may be insufficient for large defects [26].

In this surgical procedure, all unstable carti-
lage is removed including the underlying necrotic
bone. Any cysts underlying the defect are opened
and curetted. Several connections with the sub-
chondral bone are created by drilling or micro-
fracturing. The objective is to partially destroy
the calcified zone that is often present and to cre-
ate openings into the subchondral bone. The for-
mation of local new blood vessels is stimulated,
marrow cells are introduced in the defect, and
fibrocartilaginous tissue is formed [10].

11.13 Pre-op Planning: Lesion
Size, Location,
and Accessibility

Most of the lesions can be treated by anterior
arthroscopy in the anterior working area by full
plantar flexion of the ankle. As a rule, lesions
located in the anterior half or in the anterior part
of the posterior half of the talus in patients with
unlimited plantar flexion can be reached and
treated this way.

Computed tomography of the ankle in full
plantar flexion is a reliable method for preopera-
tive planning of arthroscopic access to osteo-
chondral defects of the talus [9]. If the anterior
border of the defect is located anteriorly to the
anterior distal tibial rim on the plantarflexion
scan — the OCD will be accessible through ante-
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rior arthroscopy. Access in posterior lesions
depends on various parameters, such as ankle
range of motion, joint laxity, and the presence of
osteophytes, as well as surgical methods.
Removal of osteophytes and joint opening in case
of ligament laxity will ease the access.

11.14 Surgical Technique

After performing the appropriate debridement
of the lesion, the subchondral bone can be per-
forated using a 2-mm drill, a microfracture awl,
or a 1.4-mm Kirschner wire (K-wire).

A K-wire has the advantage of flexibility,
whereas a drill may break more easily if the
position of the ankle is changed during
drilling.

A microfracture awl offers the possibility to
work “around the corner” and results in micro-
fractures of the trabeculae rather than destruc-
tion of the bone.

Any created small bony particles should be
carefully removed.

Sufficient bleeding can be checked by loos-
ening of the tourniquet.

11.15 Rehabilitation

Active plantar flexion and dorsiflexion are
encouraged from the first day.

Partial weight bearing is allowed as tolerated.
We allow progress to full weight bearing within
4 weeks in patients with central or posterior
lesions of up to 1 cm. Larger lesions and anterior
lesions require partial weight bearing up to
6 weeks.

Running on even ground is permitted after
12 weeks.

Full return to sporting activities is usually
possible 4—6 months after surgery.

Conclusion
Most osteochondral talar defects are caused
by trauma.

They may heal and remain asymptomatic
or progress to subchondral cysts with deep
ankle pain on weight bearing.

The pain in osteochondral defects is most
probably caused by an intermittent local rise
in intraosseous fluid pressure which occurs on
every step and which thus sensitizes the highly
innervated subchondral bone.

Based on the current best available evi-
dence, at present, treatment by means of
debridement and bone marrow stimulation is
the most effective treatment strategy for
symptomatic osteochondral lesions of the
talus.
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Football is one of the most popular sports in the
world not only with regard to increasing match
attendances and TV audiences but also to the
number of people around the globe who actually
plays the game. According to impressive findings
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of the Big Count, a Fédération Internationale de
Football Association (FIFA) survey of its member
associations, 265 million male and female play-
ers and a further five million referees, coaches,
and other officials or a grand total of 270 million
people, or 4% of the world’s population, are
involved in football [1].

Football is a high-demand team sport involv-
ing constantly changing complex movement pat-
terns. Walking, running, sprinting, sudden
changes in direction, jumping, and body contact
require a high grade of coordination and body
control. Several studies have investigated the
incidence and nature of injuries during football
play [2—4]. This incidence, due to the specificity
of football movement patterns, is higher in the
lower extremity [4, 5] with foot and ankle
accounting for most of it [2, 3, 6, 7]. From the
results of previous studies, it can be estimated
that the incidence of foot and ankle injuries in
elite football competition is between three and
nine injuries per 1000 player-hours of competi-
tion [8]. Ankle injuries as part of overall injury
rates for each sport as reported by Fong et al. [6]
are shown in Fig. 12.1. Detailed video analysis of

Volleyball
Track and Field
Gymnastics
Football
Running
Basketball
Handball
Rugby

Tennis

Skiing

the mechanism of acute foot and ankle injuries in
football shows that the two main situations where
they occur are during player-to-player contact or
during extreme joint ranges of motion. The
player-to-player contact often occurred just
above the ankle joint, and before or at foot strike,
which pushes the foot into high-speed inversion
or eversion. When, during a shot or long pass, the
high-velocity movement of plantar flexion at the
ankle is followed by a contact with an opponent’s
foot, hyperflexion is created that stresses the tis-
sues at the front and back of the ankle and results
in injury [9].

Energy transfer to the lower leg by a direct-
impact trauma, such as a miskick or slide tackle,
can result in a fracture [10]. The incidence of
fractures in football has been reported to range
from 2 to 20% of all reported injuries, one-third
of which are located in the lower extremities. Of
all lower-leg fractures, ankle fractures are the
most common (36%), followed by fractures of
the foot (33%) and the tibia (22%) [11].

To our knowledge, there is no data on the
exact classification and morphology of ankle
fractures in football. Overall, supination and

Weighted percentage (%)

Fig. 12.1 Weighted percentage of ankle injury in different sports (Adapted from “A systematic review on ankle injury

and ankle sprain in sports” by Fong et al. [6])
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external rotation (according to Lauge-Hansen
Classification) are the most common mecha-
nism of ankle fractures in sports. Another pat-
tern of fractures in football is the metatarsal
fractures and Lisfranc fractures/lesions. In
football players, stress fractures of the fifth
metatarsal account for up to 78% of all stress
fractures [12].

The high injury rate among football players
constitutes a considerable problem for the player,
the team, the club, and, given the popularity of
this phenomenon, the society at large. Health
consequences may be seen not just in the short
term but also in medium/long term with the risk
of early consequences, like ankle osteoarthritis
which has a high prevalence among retired play-
ers (6%) [8].

12.1  Ankle Fractures

We already know that the ankle is the most
affected segment in football. Overall, almost all
ankle injuries are due to trauma, and about two-
thirds involve a collision or tackle with an oppo-
nent [4]. As referred previously, of the reported
football injuries, 2-20% are fractures, one-third
of which are located in the lower extremities
[11]. In a prospective study of ankle injuries in
the UK youth football population, there were
only three fractures reported in a total of 56 ankle
injuries (5.4%) [2]. During the 2010 FIFA World
Cup, only one ankle fracture was diagnosed
(n=229) [3].

Ankle fractures result from higher energy
trauma and can require more extensive treatment
and may result in a greater loss of time from
sports and work than mild strains and sprains.
Fractures with or without ligament trauma can
result in long-term disability and preclude return
to sports [13].

12.1.1 Anatomy
The ankle joint is the junction of three bony

structures: the distal ends of the tibia and fibula,
forming a mortise-like cavity that receives the

trochlea of the talus. Stability of the joint is due
to the congruity of the osseous structures and
associated ligaments. The tibia and fibula are
bound by the ligamentous structures of the syn-
desmosis (interosseous membrane; anterior, pos-
terior, and transverse tibiofibular ligaments) [14].
Powerful collateral ligaments stabilize the joint
against stress: the medial malleolus is supported
by the broad fan of the deltoid ligament and the
plantar calcaneonavicular ligament (spring liga-
ment); the lateral aspect of the joint is reinforced
by the lateral complex which consists the anterior
fibulotalar ligament (AFTL), fibulocalcaneal lig-
ament (FCL), and posterior fibulotalar ligament
(PFTL). The ankle joint is not a pure hinge. It
moves as a rotatory hinge around the helical axis
of the joint due to the asymmetric shape of the
talus. To function properly, exact congruence is
crucial. Ankle fractures are regarded as articular
fractures even if there is no joint involvement.
Nonanatomical reductions and restraints in the
ankle joint may have major adverse effects as
premature degeneration of the joint, as they alter
the biomechanics of the joint and cause patho-
logical compressive stress [15, 16]. Hence, com-
petent anatomical reconstruction and reduction,
often involving surgery, are required in order to
prevent long-term sequels.

12.1.2 Classification

The two most widely used classification systems
for ankle fractures are the Danis-Weber and
AO-Miiller and Lauge-Hansen systems [17-19].
According to Danis-Weber and AO-Miiller, a
fracture is classified based on the level of the
fibular fracture in relation to the syndesmotic
ligaments. The Lauge-Hansen classification [17]
describes the trauma mechanism of fractures
based on the position of the foot at the time of
injury and the direction of the deforming force.
There are five types of Lauge-Hansen fracture
each with progressive stages of injury: supination
adduction, supination external rotation, prona-
tion external rotation, pronation abduction, and
pronation dorsiflexion. This classification was
initially proposed to guide the closed reduction
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of ankle fractures by reversing the injury
mechanism. Although it can be useful in describ-
ing the pathomechanics of ankle injuries and
inferring their stability [20], we find it too com-
plicated for routine use. We favor the Danis-
Weber classification in which a lateral malleolar
fracture below the syndesmosis is designated a
type A injury; a fracture at the level of the syn-
desmosis, a type B injury; and a fracture above
the syndesmosis, a type C injury. The
Maisonneuve fracture is a special case, as it
involves a proximal fracture of the fibula, typi-
cally below the fibular head that is usually caused
by an indirect pronation mechanism. In this type
of fracture, a tear of the entire interosseous mem-
brane of the lower leg, the syndesmosis, and the
deltoid ligament destabilizes the ankle joint.

12.1.3 Physical Examination

Evidence of an ankle fracture includes swelling,
hematoma formation, and tenderness to pressure
over the medial and/or lateral malleolus or over
the proximal head of the fibula (proximal fibular
fracture, the so-called Maisonneuve fracture). It
can be hard, though, to differentiate a fracture
from a more common ligamentous injury, espe-
cially during on-the-field evaluation. Visible mal-
position of the joint should be immediately
reduced with manual axial traction, followed by
joint immobilization in a splint or an appropriate
alternative. Careful neurovascular status and
associated soft tissue damage should always be
assessed.

12.1.4 Radiographic Examination

Plain radiographs are needed in practically all
cases of a fracture or a sprain with ligamentous
instability suspicion. Ottawa ankle rules, first
introduced by Stiell et al. in 1992, serve as guide-
lines in terms of ruling out serious ankle and mid-
foot fractures [21]. Although useful to reduce
costs and increase time effectiveness (e.g.,
decrease wait times) in the emergency depart-
ment, they do not correspond to the diagnostic

standard in Europe. We believe that the costs and
low radiation dose do not overweigh the risk of
missing a fracture, particularly in the athlete.

Standard x-ray imaging of the ankle joint
should be performed in the anteroposterior and
lateral views. The mortise view is not a true
anteroposterior view — it is obtained with the
leg internally rotated 15-20° to optimize visu-
alization of the ankle joint without being over-
lapped by the fibula. Depending on the
associated injuries that may be suspected, addi-
tional views or a lateral image of the foot (to
rule out fifth metatarsal base fractures) may be
indicated. Computed tomography (CT) can also
be helpful for the evaluation of articular frac-
tures. On the other side, magnetic resonance
imaging (MRI) is not indicated on the acute set-
ting, but it can be valuable later on for the
assessment of associated cartilaginous or liga-
mentous injuries.

12.1.5 Treatment

In the general population, treatment of ankle
fractures involves open reduction and internal
fixation (ORIF) or nonoperative treatment. The
ideal treatment of ankle fractures in the athlete
remains relatively undetermined as the options
are affected by concerns such as time to full
return to sporting activity, amount of time of
immobilization required, and ability to rehabili-
tate while recovering and healing. We believe
that surgical treatment offers the potential for a
more rapid and healthy recovery than nonsurgical
management, allowing for early rehabilitation
and preventing the deleterious effect of joint
immobilization (muscle inactivity, osteopenia,
joint stiffness, etc.). Nevertheless, any stable
fracture with non-displaced or only slightly dis-
placed fragments can be treated conservatively.
The key factor to long-term success of treatment,
regardless of the chosen method, is anatomical
reduction [13]. In our practice, surgical reduction
with rigid internal fixation is recommended to
athletes with ankle fractures with bone displace-
ment greater than or equal to 3 mm or if the ath-
lete is especially concerned about a rapid return
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Fig. 12.2 Ankle fractures (a) a Danis-Weber B type fracture and its treatment, (b) a Danis-Weber C type fracture and
its treatment, (¢) post-Danis-Weber C fracture complication with talus lateral shift

to activity. Usually, after the surgical reduction to
an anatomic position, Danis-Weber type A and B
injuries are fixated with a plate and cortical lag
screws with or without interfragmentary screws.
For Danis-Weber type C fractures, the fibula is
reduced and fixated in a manner identical to that
of the type A and B fractures. If the syndesmosis
is unstable to external rotation following fixation
of the Danis-Weber C fibula, then we insert one
or two syndesmosis screws or knotless suture
fixation systems. Bimalleolar fractures require
appropriate reduction and fixation of the fibula as
described, as well as reduction and fixation of the
medial malleolus with lag screws. Bimalleolar
equivalent injuries are treated according to the
protocol of type B fractures, with additional
repair of the deltoid ligament with large absorb-
able suture, if the mortise remains unstable after
fibular fixation. Early postoperative functional
treatment and physiotherapy are advised to
improve joint function and proprioception (espe-
cially in athletes with combined ligamentous
injuries). Full return to sports is likely
12-16 weeks after the injury.

In a Cochrane Review, which included three
randomized and one quasi-randomized trial with
292 patients, the complications of nonoperative
treatment included malunion, nonunion, pain,
loss of function, muscle atrophy, cartilage degen-
eration, stiff/swollen joint, deep vein thrombosis
(DVT), and pulmonary embolism (PE) [22].
Postoperative wound infections are the most
commonly reported complication. Other compli-
cations reported include insufficient primary
osteosynthesis, soft tissue necrosis, DVT, delayed
union, nonunion, secondary displacement, refrac-

ture, stiffness, muscular atrophy, tendinous insuf-
ficiency, sensory deficit, tarsal tunnel syndrome,
and complex regional pain syndrome type 1 [23]
(Fig. 12.2).

12.2 Pilon Fractures

Pilon fractures, also called tibial plafond frac-
tures, are defined as fractures of the tibial metaph-
ysis. The term pilon (hammer) was introduced by
a French radiologist called Destot in 1911 to
describe a compression injury which also pro-
duces severe soft tissue damage [24]. The com-
mon pathway for all pilon fractures is some form
of axial compression. The rest will be a product
of varying degrees of torsion, shearing and bend-
ing, depending on the position of the foot at the
moment of impact. Albeit most fractures are
caused by a high-energy axial force, low-energy
injuries can also occur, resulting in fewer fracture
fragments, mainly assuming a spiral configura-
tion with minimal displacement and soft tissue
insult. Pilon fractures are relatively uncommon,
making up approximately 7% of all tibial frac-
tures and 1% of all fractures of the lower limb in
the general population [25].

12.2.1 Anatomy

The distal portion of the tibia is known as the pla-
fond, which, along with the medial and lateral
malleoli, forms the mortise to articulate with the
talar dome. The plafond is concave in the antero-
posterior plane and convex in the lateral plane.
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It is wider in the anterior plane to provide stabil-
ity, especially while weight bearing (vide Ankle
Fractures).

12.2.2 Classification

The two most commonly used classification sys-
tems are based on fracture patterns as seen on the
radiograph: the Ruedi and Allgower [26] and the
AO/OTA group classifications [27].

Ruedi and Allgower proposed the first of these
classification systems in 1969. It is the classifica-
tion system we use more often. Fractures are
separated according to the degree of articular dis-
placement as below:

Type 1: Simple cleavage-type fracture with
little or no articular displacement

Type 2: Mild to moderate displacement of
articular surface but minimal or no comminution
of the articular surface or adjacent metaphysis

Type 3: Comminution of the articular surface
and metaphysis with significant impaction of the
metaphysis

Itis also crucial to assess and grade the amount
of soft tissue damage, according to the Tscherne
classification [28].

12.2.3 Physical Examination

The most common signs and symptoms are
pain, swelling, deformity, and crepitus about
the ankle, along with the inability to bear
weight. Neurovascular examination should
include pulses and capillary refill and assess-
ment of sensation and ability to move the toes.
An assessment for compartment syndrome
should also be performed, as often there is sig-
nificant soft tissue injury with a tibial plafond
fracture.

12.2.4 Radiographic Examination
In the first instance, multi-view radiographs

including the foot, ankle (AP, mortise, and lateral
views), and full-length leg views should be

obtained. CT scans are particularly important and
are necessary in most cases.

12.2.5 Treatment

The main goals of treatment are the reestablish-
ment of articular congruity, stable fixation with
anatomic reduction, prevention of soft tissue
complications, and rapid return to function. This
requires operative intervention in most cases.
Acute ankle external fixation followed by delayed
reconstruction of the tibial plafond with plating
or limited internal fixation combined with exter-
nal fixation is the primary treatment option in
cases of extensive soft tissue injury. Long leg cast
may be an acceptable treatment in patients with
isolated, non-displaced fractures. Acute ORIF
should be limited to low-energy fracture patterns
with minimal soft tissue injury or swelling. Early
motion is usually delayed 7-10 days following
treatment for soft tissue considerations.
Generally, in intra-articular fractures, weight
bearing is restricted in the first 8 weeks. Intensive
physiotherapy exercise regimes play an integral
role in rehabilitation. Although satisfactory long-
term outcomes are usually expected in the gen-
eral population, tibial plafond fractures can be
disastrous to the professional athlete.

12.3 Calcaneal Fractures

Calcaneal fractures represent about 2% of all frac-
tures in the general population, and 65-70% of
those fractures involve the articular surface of the
subtalar or calcaneocuboid joint [29]. Calcaneal
fractures are scarcely seen in football mainly
because they are the result of high-energy trauma by
an axial load on the patients’ heels (most often by a
fall from a height or motorcycle accidents) [30].

12.3.1 Anatomy

The calcaneus is the largest bone in the hindfoot.
It articulates with the falus superiorly and the
cuboid anteriorly and shares a joint space with
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the talonavicular joint, appropriately called the
talocalcaneonavicular joint. The calcaneus trans-
fers most of the body weight from the lower limb
to the ground and acts as a lever for the force gen-
erated by the calf muscles.

12.3.2 Classification

As reported by Sanders, the classification of
Essex-Lopresti divides intra-articular fractures
into two types: tongue type (tuberosity fragment
attached to the articular fragment) or joint depres-
sion (when it is not). Sanders further classified
fractures according to the number and location of
posterior facet articular fragments on CT [30].

12.3.3 Physical Examination

Patients usually present after a fall from a height with
complaints of severe heel pain and a variable degree
of swelling. The integrity of the soft tissues should be
assessed. Patients can also develop compartment
syndrome in the “calcaneal compartment,” which, if
left untreated, can lead to claw toe deformities.

12.3.4 Radiographic Examination

Patients should be assessed initially with plain
radiographs, including lateral and axial Harris
views of the hindfoot. An oblique view can be
helpful for visualizing the calcaneocuboid joint.
If these radiographs reveal an intra-articular com-
ponent to the fracture, a computed tomographic
scan should be made.

12.3.5 Treatment

The treatment of displaced intra-articular calcaneal
fractures can be divided into three categories: non-
operative, open reduction and internal fixation, and
primary arthrodesis. Extra-articular fractures can be
treated nonoperatively with immobilization and
non-weight bearing, unless the fragments are sub-
stantially displaced or impede soft tissue function,

as is the case of the calcaneal tuberosity fracture still
attached to the Achilles insertion. Intra-articular
fractures should be treated operatively. The primary
goals of surgery are to restore bony geometry (i.e.,
height and width) and joint congruity.

12.4 Lisfranc Injuries and Midfoot
Fractures

Lisfranc fracture dislocations were first described
by Jacques Lisfranc, a French surgeon, reported
on midfoot injuries when cavalrymen would fall
from their horses with a foot remaining plantar
flexed in the stirrup [31]. Although very serious,
this kind of injury is uncommon in football. It
occurs as a result of trauma to the tarsometatarsal
articulations of the midfoot, from forced plantar
flexion or abduction of the forefoot [31, 32].
Another causative circumstance can occur with
an axial force driven downward through the cal-
caneus, while the foot is plantar flexed.

12.4.1 Anatomy

The forefoot is comprised of five metatarsal
bones and the phalanges of each toe. The midfoot
consists of five bones: three cuneiforms (medial,
middle, and lateral), the cuboid, and navicular.
The Lisfranc joint consists of the articulations
between the metatarsals and the three cuneiforms
and cuboid. Its osseous architecture and soft tis-
sue connections are critical to the stability of the
foot. Soft tissue support of the tarsometatarsal
(TMT) articulation consists primarily of capsular
and ligamentous structures. The Lisfranc
ligament is the most important and runs from the
plantar medial cuneiform to the base of the second
metatarsal. Injury to this ligament can destabilize
the entire forefoot as well as the Lisfranc articu-
lation [32].

12.4.2 Classification

In 1909, Quenu and Kuss first described injuries
to the TMT joint based on the direction of dis-
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placement at the metatarsotarsal joint [33].
Myerson et al. classified these injuries into dif-
ferent types to aid in clinical decision-making
[34]:

Type A — total incongruity of the TMT joint

Type Bl — partial incongruity affecting the
first ray in relative isolation (i.e., partial medial
incongruity)

Type B2 — partial incongruity in which the dis-
placement affects one or more of the lateral four
metatarsals (i.e., partial lateral incongruity)

Types CI and C2 — a divergent pattern, with
partial or total displacement

12.4.3 Physical Examination

Athletes with Lisfranc or other midfoot fractures
will complain of midfoot pain of immediate onset
and present a subsequent inability to weight bear
and midfoot swelling. Classic findings of Lisfranc
fracture include forefoot and midfoot edema and
plantar arch ecchymosis.

12.4.4 Radiographic Examination

Computed tomography (CT) may supplement
standard radiographic examination if there is
need for further description and surgical plan-
ning. The images will typically reveal diastasis
between the hallux and the second toe on an
anteroposterior (AP) foot radiograph — a “posi-
tive gap sign” [32] — and/or multiple fractures
along the TMT joints along with suggestions of
ligamentous instability.

12.4.5 Treatment

Unstable Lisfranc injuries should be treated
surgically with either transarticular fixation to
restore anatomical alignment and stabilize the
tarsometatarsal joints or arthrodesis, depend-
ing on ligamentous or bony injury and
comminution. Postoperatively, patients are
frequently placed in a short leg cast for up to
4 weeks. Physical therapy to regain balance,

Fig. 12.3 Lisfranc fracture-dislocation

strength, and ROM is recommended.
Customarily, athletes needing surgical fixation
of a Lisfranc fracture-dislocation should
expect to be sidelined for at least 12—-16 weeks
[31] (Fig. 12.3).

12.5 Metatarsal and Phalanges
Fractures

Literature is not consensual in the diagnosis,
classification, pathomechanics, and treatment of
proximal fifth metatarsal fractures. This contro-
versy goes back to 1902, when Sir Robert Jones
published his well-known study Fracture of the
Base of the Fifth Metatarsal Bone by Indirect
Violence, inspired by the injury himself suffered
while dancing [35]. This has been perpetuated by
the universal application of the Jones fracture
designation to all fifth metatarsal base fractures.
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Fig. 12.4 Diaphysis
metatarsal

fracture (zone III) of fifth

The uniqueness of this type of fractures resides
on the anatomical variations in the osseous
structure of the fifth metatarsal, which enables its
division in three different zones. The tuberosity
avulsion fracture (zone I) is therefore distinct of
the true Jones fracture (zone II, at the junction of
the metaphysis and diaphysis) and of pure diaph-
ysis fracture (zone III) (Fig. 12.4). Blood supply
plays a crucial role in the healing ability of these
fractures [36, 37]. Perfusion comes from metaph-
yseal arteries at the base. At the metaphysis-
diaphysis junction, there is an area at high risk for
avascularity and poor healing. Zone I fracture
often results from traction forces imposed by the
peroneus brevis and/or the lateral band of the
plantar aponeurosis with foot inversion. This type
of fractures usually heals without complications
in a cast walker (4—6 weeks). Jones fractures and
true diaphysis fractures (distal to the fourth and
fifth metatarsal base articulation — frequently
stress fractures) have been reported to have
higher rates of nonunion when treated nonopera-
tively. Nonunion rates as high as 50% have been
reported [38]. Kavanaugh et al. have suggested
that almost 66% of the zone III fractures showed
delayed union [39]. The authors advocate early
surgical treatment in high-demand athletes and in

zone III fractures with evidence of delayed union
or nonhealing stress fractures in sedentary.
Surgical fixation usually involves placing an
intramedullary screw with or without bone graft
in order to achieve compression of the fracture
site and annulment of the loads acting on it.
Dameron, in 1975, was the first to suggest that
proximal fifth metatarsal fracture should be
treated accordingly to the activity level of the
patient [40]. We also believe that nonoperative
treatment in the high-demand footballer could
lead to higher refracture rates, delayed union, and
long recovery periods. Furthermore, conservative
treatment requires weeks of immobilization and
non-weight bearing, which have deleterious
effects in the athlete-like articulation stiffness,
loss of muscle capacity, and osteopenia.
Intramedular fixation of proximal fifth metatarsal
fractures is our method of choice in the athlete. It
is simple and minimally invasive, associated with
low complication rates, and allows an early return
to sports. In a previous study, we have followed
11 footballers with intramedullary fixation of
proximal fifth metatarsal fractures. The average
time to return to sports was 7.5 weeks (2-12),
and the athletes score an average of 95 points in
the midfoot AOFAS scale [41]. All of the athletes
returned to previous level of activity, and no com-
plications have been reported to date. The possi-
bility of an almost immediate rehabilitation
without the use of orthotics or casts augmented
by the action of weight bearing on the affected
limb has, in our opinion, benefits by allowing an
early recovery of range of motion, increase of
blood supply, and osteoblastic activity.

12.6 Stress Fractures of the Foot
and Ankle

The first fatigue (stress) fractures were described
in soldiers in 1855 by Breihaupt, a Prussian army
doctor [42]. The so-called march fractures were
reported after soldiers complained of painful
swollen feet after long marches. Since then there
have been numerous descriptions of fatigue frac-
tures, and nowadays stress fractures are common
overuse injuries in athletes.
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12.6.1 Epidemiology

The most common locations for stress fractures
are the metatarsals, tibia, fibula, tarsal navicu-
lar, and pars articularis. These sites of occur-
rence are activity related, and some anatomical
sites are specific of certain sports [43].
Although less common, upper-extremity stress
fractures can occur in overhead athletes. The
most common stress fractures affecting foot-
ballers are fifth metatarsal fractures maybe due
to the many bending moments applied to this
bone during rapid changes in direction and
speed [12].

12.6.2 Pathophysiology

Wolff’s law states that mechanical loadings
imposed to the living bone are followed by
adaptation that will influence the structure of its
tissue. Therefore, the repetitive cyclic loads that
football imposes on the bone may lead to an
imbalance between bone resorption and forma-
tion. This may be due to an excessive increase
in the intensity (or duration) of the physical
activity or to intrinsic factors as hormonal
changes, dietary content, endocrine input, or
altered osseous mineral density, common in the
female athlete. Although the exact mechanical
phenomenon responsible for initiating stress
fractures still remains unclear, the bone response
can be represented in agreement with the prin-
ciples of mechanic enginery. Material properties
can be described according to the response to
the application of external load. Stress is defined
as the force applied to the material, and the
response of the material to cyclic stress is
fatigue, which can result in failure of the
material.

12.6.3 Clinical Evaluation

Stress fracture injuries usually present insidi-
ously. The pain customarily occurs at the end of
physical activity with a focal point of tender-

ness. Athletes often refer pain that only comes
with activity evolving to persistent pain during
activity and finally pain at rest. Physical exami-
nation consistently shows tenderness over the
involved area, and swelling may or not be
present.

At present, a classification system is still lack-
ing. The more convenient grading, prognosis, and
treatment system in the literature to classify
stress fractures is high or low risk [44]. High-risk
fractures typically require surgical repair, while
low-risk stress fractures often respond to conser-
vative treatment. Determination of low- and
high-risk stress fractures should not only include
anamnesis and physical evaluation but also imag-
ing. Notwithstanding, plain radiographs often
show any signs of a stress fracture, as bone reac-
tion is time dependent. The identification is
dependent of periosteal changes or gross cortical
bone failure that usually takes 3-4 weeks to
appear [37, 45—47]. Thus, stress fractures that are
not detectable on plain radiographs should be
confirmed by scintigraphy, CT scan, or even
MRI.

12.6.4 Forefoot Stress Fractures

As mentioned, the most common stress fractures
in football are on the fifth metatarsal (Fig. 12.5)
[12]. Due to the anatomical specificity of fifth
metatarsal blood supply, these fractures have
high nonunion or delayed union rates (vide
Metatarsal and Phalanges Fractures).
Additionally, there are mechanical aspects in
football that can predispose athletes to this type
of fracture. Typically, there is a gradual onset of
pain on the outer side of the foot but only when
the pain interferes with playing does the athlete
seeks treatment. Radiographs may show callus
formation, medullary sclerosis, or even oblitera-
tion of the medullary canal. We believe that
immediate operative treatment — internal fixation
with a compression screw with or without bone
grafting — should be considered in all perfor-
mance athletes with fifth metatarsal stress
fractures.
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Fig. 12.6 Stress fracture of the tarsal navicular

12.6.5 Midfoot Stress Fractures

Stress fractures have been described in virtually
all midfoot bones, especially in the tarsal navicu-
lar [43, 46, 48-50] (Fig. 12.6), even though they
are not common in this segment nor in football.

Athletes usually complain of ill-defined pain or
cramping of the foot and, in the case of tarsal
navicular fractures, tenderness with compression
of the bone or over the medial longitudinal arch.
The pain has frequently been present for a long
time. Again, the diagnosis may be difficult due to
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the negativity of plain radiographs, a characteris-
tic of stress fractures. Complementary exams, like
a bone scan or MRI, can help. When they occur,
displaced fractures should be treated with internal
fixation, as should delayed unions or nonunions.
Partial or complete undisplaced fractures may be
treated with immobilization and non-weight bear-
ing and athletic activity elimination. This can take
several months until healing is complete.

12.6.6 Hindfoot Stress Fractures

Calcaneal stress fractures are the most common
stress fractures in this region. Nevertheless, talar
fractures have also been reported (Fig. 12.7).

Fractures in this region, being infrequent in foot-
ball, require a high index of clinical suspicion.
The clinical signs and radiological findings, as in
other sites, are usually subtle, making it problem-
atic to establish an early diagnosis. If the diagno-
sis is uncertain, a bone scan or MRI can help
differentiate stress fractures from Achilles tendi-
nosis, painful os trigonum, retrocalcaneal bursi-
tis, or plantar fasciitis. A favorable response has
been reported with activity modification/limita-
tion and the use of soft heel pads, although the
authors have some reservations (vide Treatment).
Becoming familiar with this rare stress fracture
may prevent delayed diagnosis and long-lasting
damage, both of which are important factors in
competitive athletes.

Fig. 12.7 Talar stress fracture
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12.6.7 Ankle Stress Fractures

These are most commonly seen proximal to the
medial malleolus or the lateral malleolus [45,
51]. They usually cause pain directly over the
bone or, if in the lateral malleolus, a few centime-
ters proximal to the tip of the fibula. Radiographs
are often negative, and a bone scan is required to
confirm the diagnosis.

12.6.8 Treatment

As Ekstrand and Torstveit refers that it, stress
fracture in the footballer is a rare injury but with
a long absence from sports. Athletes who sustain
a stress fracture may be hindered from sports for
up to 6 months [12]. As a consequence, treatment
of stress fractures depends on whether they
behave as a high- or a low-risk injury. Authors
maintain their opinion that in the high-demand
athlete, to whom repetitive and intense loads are
imposed, surgical fixation is a recommendation.
For ankle and foot low-risk stress fractures, a rest
period of 2-6 weeks of limited weight bearing
progressing to full weight bearing may be neces-
sary. This is followed by a phase of low-impact
activities, such as biking, swimming, or pool
running. All predisposing factors, as sudden
increases in training loads and nutritional,
hormonal, or medical abnormalities, need to be
assessed, particularly in female athletes.

12.7 Pediatric Foot and Ankle
Fractures

Approximately one-third of pediatric fractures
occur during sport or recreational activity.
Football is associated with an activity-specific
fracture rate of 0.44 (95% confidence interval,
0.35-0.52) per 10,000 h of exposure [52].
Fractures around the ankle account for approxi-
mately 5% of pediatric fractures and carry about
a 30% risk of later growth disturbances [53].
Metatarsal fractures are commonly seen in emer-
gency departments. In children, 61% of all frac-
tures of the foot are located in the metatarsal

bones [54]. The most common pediatric metatar-
sal fracture seen in football is the fracture of the
fifth metatarsal. Due to the unique anatomy of the
immature skeleton and the risk of partial or com-
plete growth arrest, extra care must be taken in
assessing and treating patients with injuries of
this type.

12.7.1 Anatomy

The physis, or growth plate, consists of chon-
drocytes surrounded by an extracellular matrix;
it is closely connected to the epiphysis, which
provides its blood supply. The chondrocytes
are organized in columns along the longitudi-
nal axis of the bones directed toward the
metaphysis where endochondral ossification
occurs.

12.7.2 Classification

The Salter-Harris classification system is simple
and reproducible, and it remains the most widely
used system for children’s ankle fractures [55].
The fracture is classified in one of five different
types according to its relationship to the physis

12.7.3 Physical Examination

Swelling, ecchymosis, and skin tenting are
assessed, and the ankle must be visualized cir-
cumferentially to exclude a possible open frac-
ture. Tenderness to palpation over the physis can
aid in the clinical diagnosis. If there is gross
deformity, urgent reduction is required. The vas-
cular, motor, and sensory examination should be
performed prior to and following any reduction
maneuver.

12.7.4 Radiographic Examination
Anteroposterior and lateral views are required to

fully evaluate the ankle and foot. Additional
views, like the mortise radiograph, may be
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necessary particularly in fractures without obvi-
ous deformity. There is no indication for routine
stress views as they are unlikely to change the
treatment, are uncomfortable, and cause increased
radiation exposure. CT is recommended for pre-
operative planning and postreduction assessment
for intra-articular pediatric ankle fractures.

12.7.5 Treatment

The goals of treatment are to achieve and
maintain a satisfactory reduction and to avoid
physeal arrest. The decision to treat pediatric
ankle fractures is based on the fracture type, dis-
placement, and the ability to restore and main-
tain the alignment of the physis and the congruity
of the ankle joint. If a satisfactory closed reduc-
tion can be achieved and maintained, pediatric
fractures can be effectively managed with cast

Fig. 12.8 Pediatric ankle fracture elastic fixation

immobilization and close radiographic follow-
up evaluation. However, if closed reduction is
unsuccessful, open reduction with or without
skeletal fixation is warranted. Before a closed
reduction is attempted, the child must be com-
fortable and relaxed. This may need either intra-
venous sedation or general anesthesia to facilitate
the reduction and reduce the risk of further phy-
seal injury. Physeal ankle injuries in younger
children with considerable growth remaining
should be followed closely for at least 1 year
after injury as growth arrest may result in sub-
stantial angular deformity and limb-length dis-
crepancies with the eventual development of
osteoarthritis, gait disturbance, and spinal disor-
ders. Besides those that result from physeal dam-
age, the potential complications associated with
pediatric ankle fractures include those seen with
adult fractures (such as posttraumatic arthritis,
stiffness, and reflex sympathetic dystrophy)
(Fig. 12.8).
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13.1 Introduction

There are more than 300 million registered foot-
ball players worldwide, and the ankle is one of
the most commonly reported injured joints —
ankle injuries constitute 12-23% of all injuries
recorded during FIFA competitions [1]. One in
five of all injuries to footballers of all skill and
age groups is to the ankle — this prevalence
increases to 35% in low-level amateur players,
children, and adolescents [1].

Arthroscopic surgery for chronic pathology
post ankle fracture has been shown to have sig-
nificant benefits, but evidence on its use in the
acute setting is limited. In the management of
acute ankle fractures in the athlete, arthroscopy
becomes increasingly important — not only in
optimizing diagnosis but also in offering
expanded treatment options [2]. Proposed
arthroscopic advantages in ankle fracture treat-
ment include:
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*  Minimally invasive nature
* Ability to directly visualize joint articulation
e Evaluation of ligamentous injuries

This aids in the diagnosis and treatment of
concomitant pathology that may not be obvious
through open surgery alone. Arthroscopy may
also help in minimizing the risk for postopera-
tive delay in rehabilitation and return to competi-
tion [3].

There are several potential benefits to the use
of arthroscopy in elite athlete ankle fracture
management:

1. In up to 60% of ankle fractures, a combined
cartilage lesion is also noted

2. Syndesmotic stability — and the presence of
intra-articular pathology — can best be assessed
by arthroscopy

3. Complex intra-articular ankle fractures need
accurate tibial plafond reduction — which can
best be achieved through arthroscopy

4. The minimally invasive character of arthros-
copy can be beneficial for the elite athlete by
allowing for a more rapid rehabilitation

The aim of this article is to offer a comprehen-
sive review of the current medical literature on

the indications and treatment options for
arthroscopic ankle procedures in football
players.

13.2 Materials

The generally accepted pathological indications
for ankle arthroscopy are:

* Ankle osteosynthesis

e Ligament ruptures

* Impingement syndromes
e Cartilage lesions

We performed a Medline search using the
keywords “ankle fracture, arthroscopy, and foot-
ball” We found and reviewed 55 articles,
describing either the procedure or the results of
arthroscopic-assisted reduction and internal fixa-
tion (ARIF) of various ankle fractures. Only 6 of

these 55 papers had a combined focus on elite
sports (e.g., football) [3-8]. Ligamentous inju-
ries will not be covered specifically, since they
are considered not in the scope of this review
chapter on football-related ankle fractures and
the role of arthroscopy.

The indications for ARIF (arthroscopic-
assisted reduction and internal fixation) in elite
sports ankle fracture management are:

e Malleolar fracture

e Intra-articular fracture

e (Osteo)chondral injury

e Syndesmotic injury

e Talar body/neck fracture
e Talar process fractures

13.3 ARIF

The obvious benefits of ARIF in the management
of ankle fractures are:

e Accurate reduction of damage to the soft tis-
sue envelope and blood supply to the damaged
area

* Reduced incidence of infection

e Improved visualization and accurate restora-
tion of the articular surface

Concerns exist in terms of increased surgical
time and surgeon-dependent ability to success-
fully use the technique — being mindful of any
associated soft tissue swelling. Imade et al.
describe an acute anterior compartment Ssyn-
drome following ankle arthroscopy after a
Maisonneuve fracture in a football player [9].

Fibrous tissue formation after an ankle frac-
ture can cause impairment in function through
impingement. This is due to remnants of torn
ligaments and capsular tissue — including those
from the syndesmotic, ATFL, and medial deltoid
ligaments — causing inflammation and laying
down of scar tissue [10]. This pathology is
known to respond well to arthroscopic resection
[11]. Acute arthroscopic evaluation and debride-
ment may be beneficial, but current evidence to
support this is limited [3, 4]. Hepple has
described potentially significant benefits of
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Fig.13.1 (a) Intraoperative
image of an arthroscopic-
assisted distal tibial
fracture (extending into
the talocrural joint)
assessment.

(b) Intraoperative image of
an arthroscopic-assisted
intra-articular distal tibial
fracture. Note the fracture
hematoma

ankle arthroscopy in fractures with a combined
need for ligamentous repair. Others, however,
suggest the negative effects of fluid extravasa-
tion into soft tissues as a reason not to combine
an arthroscopic procedure with a one-stage liga-
mentous repair [4]. There is currently no evi-
dence to guide surgeons encountering these
combined lesions acutely, and more research is
required in this area. Techniques for arthroscopic
lateral ligament repair in chronic cases show
promising results, but further work is required
for their effect to be extrapolated to acute and
elite sports cases [12, 13].

ARIF has been described for fractures of
the talar body, talar neck, or talar process and the
distal tibia, malleolar, and transitional fractures
[14—17]. Hindfoot process fracture excision/fixa-
tion — when symptomatic — is also possible
through arthroscopic-assisted techniques [18]. A
classic two-portal anterior/posterior arthroscopic
technique is most often used prior to a combined
open fracture reduction and fixation (Fig. 13.1a,
b). The literature, however, on the value of
arthroscopy in the management of these specific
fractures in football is limited [3-5].

Indications for Combined
Ankle Arthroscopy in Acute
Football Ankle Fractures

134

13.4.1 Malleolar Fractures

Malleolar fractures are generally evaluated by
physical examination and radiographs — they
are then classified according to either the AO

or Weber classification systems. In cases of
dislocation, immediate reduction is mandatory
to prevent skin necrosis and possible nerve
damage. Correct treatment is chosen on the
basis of:

e Mechanism of injury
e Correct classification
e Associated soft tissue damage

Weber A fractures are usually treated con-
servatively, while Weber B and C fractures
frequently require surgery. Specific attention
should be given to the intraoperative evalua-
tion of syndesmotic joint stability — up to
66% of Weber B and C ankle fractures have
some degree of syndesmotic ligamentous
injury [4, 19-25]. The most frequent compli-
cations are wound hematoma and wound
necrosis. Postoperative infection rate is
around 2%. Stufkens et al. analyzed the long-
term outcomes of these fractures and con-
cluded that over 10% of patients develop
ankle arthrosis [19]. The evidence for optimal
treatment strategies is low — especially in elite
sports such as football. Arthroscopy — prior to
open surgery — is shown to be effective in dis-
covering hitherto undetected osteochondral
defects in the ankle and enabling the surgeon
to check the anatomical reduction [2, 4, 20,
25-29]. Up to 60-75% of ankle fractures (that
require surgical fixation) have demonstrated
evidence of articular cartilage damage — pre-
viously undiagnosed prior to surgery [19].
Such injuries are mostly cartilaginous in
nature and therefore not radiographically
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Fig.13.2 (a)Anteroposterior (AP) X-ray of an elite foot-
ball player with a centro-lateral distal tibial stress fracture
with intra-articular excursion. (b) Coronal T2 MRI image
of the centro-lateral distal tibial stress fracture with intra-

visible (Fig. 13.2a—c). These lesions usually
occur at locations not accessible through tradi-
tional fracture surgery incisions. Therefore,
simultaneous arthroscopic assessment and
management of these lesions is required to
improve the rate and quality of recovery after
fracture surgery.

Since radiographs are commonly used as the
preferred diagnostic tool in acute ankle fractures,
the very low sensitivity of plain radiography
leads to many undiagnosed osteochondral lesions
[4, 19, 20, 30-32].

In the only prospective randomized trial
comparing arthroscopic-assisted with tradi-
tional non-assisted lateral malleolar fracture
fixation, Takao et al. showed a very high rate of
secondary pathology. This was mostly chon-
dral damage and syndesmotic injury [20]. At
average follow-up of 40 months, there was a

articular excursion. (¢) After arthroscopic-assisted percu-
taneous reduction and fixation with control over the
anatomical reduction and articular cartilage status

small but significantly greater AOFAS out-
come score in the arthroscopically assisted
group compared with the traditional group
[20].

13.4.2 Intra-articular Fractures

Intra-articular fractures like triplane and Tillaux
fractures clearly benefit from an arthroscopic-
assisted approach because fracture site clearance
and accurate intra-articular realignment check
can be performed. The same applies to simple
malleolar or distal tibial stress fractures that have
an intra-articular fracture line. Complete carti-
lage assessment can also be performed without
the need for large exposures. Any step-off into
the joint line, comminution, or depressed
fragment can be recognized and realigned
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Fig. 13.3 (a) Coronal CT image of a medial malleolar
stress fracture in the ankle of an elite football player. Note
the talar varus deformity alignment. (b) Axial CT image
of a medial malleolar stress fracture in the ankle of an elite
football player. Note the anterior small fragment. (c)

Fig. 13.4 (a) AP X-ray of a Weber B distal fibular frac-
ture in a professional football player. (b) Lateral X-ray
reveals the combined bony anterior syndesmotic fracture.

(Fig. 13.3a—d). Percutaneous temporary K-wires
are frequently used to manipulate and aid in frac-
ture reduction before definitive osteosynthesis is
performed [33, 34] (Fig. 13.4a—d). However, the
technique can be demanding, and no studies
comparing conventional open techniques are
available [4, 28].

Postoperative AP X-ray after arthroscopic-assisted percu-
taneous fracture reduction and fixation. (d) Postoperative
lateral X-ray after arthroscopic-assisted percutaneous
fracture reduction and fixation

(c¢) Coronal 3D CT image of the intra-articular ankle frac-
ture. (d) AP X-ray image after arthroscopic-assisted frac-
ture reduction and fixation

13.4.3 Osteochondral Lesions

A substantial proportion of osteochondral inju-
ries after ankle fracture will not cause long-term
symptomatic problems. There remains a lack of
studies over the need for combined arthroscopy
as a standardized tool in fracture fixation
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treatment. A prospective randomized trial by
Takao et al. showed no difference in outcome
between patients undergoing arthroscopy and
management of articular damage at the time of
fixation and those that did not [20]. Ono et al. —in
a larger prospective randomized trial of 72
patients — showed a statistically improved AOFAS
score (91.0 vs 87.6) in patients that had
arthroscopically assisted fixation [29]. Articular
damage following ankle fracture may be an
independent predictor for the development of
post-traumatic arthritis. Hence, arthroscopic
assessment at the time of fracture would be
advantageous in predicting long-term outcome.
Documentation of defect size, condition, and
location (medial, central, lateral) can assist in
adequate treatment decision-making. This is par-
ticularly true for defects over the medial malleo-
lus that have been shown to have the poorest
long-term outcomes [3, 20, 21, 31]. Frequently,
acute osteochondral defects that are detected in
combination with ankle fractures are amenable to
arthroscopic treatment. Arthroscopy can help in
decision-making and immediate treatment with
regard to fragment fixation to anatomic fit or
removal. Based upon the talar dome/tibial pla-
fond defect size, bone marrow stimulation tech-
niques (drilling, abrasion, or microfracture) can
be used in the same procedure stage to treat
osteochondral ankle lesions [35-39]. Cartilage
regeneration procedures (autologous chondro-
cyte implantation [ACI], matrix-induced autolo-
gous chondrocyte implantation [MACI]) are
becoming more popular in the treatment of foot-
ball players with a chronic osteochondral defect
of the talus [40, 41]. Arthroscopy can be benefi-
cial in these cases — a cartilage biopsy can also be
taken at the time of procedure for cell culture for
cartilage implantation (ACI). The same treatment
strategy is useful for the less frequent tibial pla-
fond osteochondral lesions [33].

13.4.4 Syndesmosis
Injury to the syndesmosis after an ankle fracture

is seen in 47-66% of patients and can result in
chronic ankle problems [22]. Intraoperative stress

views are more reliable — when compared to plain
radiographs — at detecting definitive instability
[23]. Nevertheless, borderline instability or
partial injury to the syndesmotic complex with-
out instability is difficult to detect. Magnetic
ressonance imaging (MRI) has been shown to
provide accurate information when documenting
a syndesmotic injury, but has a significant false
positive rate, whereas arthroscopic assessment
has been shown to be more sensitive and specific
[3, 4, 23, 24, 42]. In addition, arthroscopy can
debride the extra-syndesmotic fibers of the rup-
tured ligaments that may otherwise produce
chronic pain and impingement [10, 11, 43]. Good
to excellent results have been reported in a few
studies where arthroscopic assessment (with fixa-
tion) and/or debridement were used to manage
such injuries [20, 21, 30, 32]. Arthroscopic evalu-
ation may also detect sagittal and rotational ankle
instability, which may not always be visualized
on intraoperative stress radiography [3, 44].
Finally, damage to the medial area of the talocru-
ral joint is an indirect finding commonly associ-
ated with syndesmotic injury.

13.4.5 Talar Body and Neck Fractures

Fractures of the talar neck and body (Fig. 13.5a—¢)
are rare injuries that can cause significant morbid-
ity and complications. For the football player,
these injuries can have a deleterious effect on their
long-term functional outcome. Treatment efforts
are aimed at the quality of fracture reduction and
the preservation of talar blood supply. Arthroscopic-
assisted surgery has been shown to be of value in
both these aspects, but the technique is demanding
and prolongs operative time and increases soft tis-
sue swelling. Case reports, and small case series,
provide some evidence to recommend this tech-
nique [19, 45-47]. The underlying principle in
managing a talar fracture is to achieve anatomical
reduction and stable fixation with minimal distur-
bance to the soft tissue — for the abovementioned
reasons [45, 46]. Skin necrosis, infection, mal-
union, and post-traumatic arthritis are well-
recognized complications of talar fractures, and
management should be designed to minimize
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Fig.13.5 (a) Sagittal CT image of a professional football
player with sudden ankle pain after a preseason training
camp. (b) Sagittal TI MRI image of a talar body stress
fracture. Note the Hawkins sign. (¢) Coronal T2 MRI
image of the progressive diastasis of the talar body stress

these. Subairy et al. have shown that arthroscopic-
assisted surgical stabilization of these fractures is
advantageous and reduces the time to union [46].
Stress fractures are the most common overuse
bony injuries in football (Fig. 13.5), but stress
fractures of the talar body are extremely rare and
have only rarely been reported [5, 14, 48]. More
common — but still rare — are stress fractures of
the talar neck or lateral talar process [5, 15, 16].
Due to their minor displacement, most stress
fractures of the talar body are treated nonsurgi-
cally [5, 14, 17]. Stress fractures in football are
the result of excessive, repetitive cyclic loads
traumatizing bones with normal form and struc-
ture [49]. Predisposing factors may be both
intrinsic and extrinsic and include malalignment,
lack of flexibility, increase in training, training of

fracture during conservative treatment. (d) Axial T2 MRI
image of the progressive diastasis of the talar body stress
fracture during conservative treatment. (e) Lateral X-ray
of the arthroscopic-assisted talar body fracture compres-
sion screw fixation

excessive volume and intensity, hard or soft activ-
ity surfaces, inappropriate shoes, and inadequate
coaching [5, 14]. Additional factors to be consid-
ered include age, ethnicity, gender, fitness, skill
level, and menstrual history [5, 50]. Mechanical
factors that may lead to a stress fatigue fracture
remain unclear but may result from repeated
loading or from repetitive prolonged muscular
action on bone not yet conditioned to such heavy
and novel action.

In football players, significant pathogenetic
movements predisposing to talar stress fracture
can be identified in repetitive, restricted axial
loading while sprinting, kicking a ball, or land-
ing after heading. The load that has to be
absorbed during these actions, the extremes in
plantar-/dorsiflexion of the foot (kicking the
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ball), and other traumatic actions should be con-
sidered important pathogenetic factors in repeti-
tive strain injuries. Moreover, when playing
toward the end of a match, coordination is less
precise as athletes are often fatigued [5, 50]. The
diagnosis of stress fracture is based on clinical
suspicion, a detailed history, and a physical
examination, followed by appropriate imaging
investigations. The role of conventional radiog-
raphy is important, although initial findings are
often minimal or absent (Fig. 13.5a). The earliest
sign — often delayed until after the onset of
symptoms — may be a lucent linear image (more
often a sclerotic band, periosteal reaction, or cal-
lus formation) seen on X-ray [5, 14, 17]. MRI
has a high sensitivity for the detection of stress
fractures (Fig. 13.5b). In addition, MRI signs are
evident several weeks before radiographic signs.
Conservative treatment is preferred if there is no,
or only minor, displacement at the fracture site.
There is only limited scientific information on
healing times for stress fractures of the talar
body but overall, stress fractures are known for
their prolonged healing period [5, 51]. Generally,
treatment of stress fractures is immobilization
for 4-8 weeks [14, 48, 50, 51]. Avascular necro-
sis remains a relatively high risk — given the sub-
optimal talar vascular status — even after an
adequate immobilization period [51, 52].
Hawkins classified (nonstress) fractures of the
talus in an attempt to predict the risk of avascular
necrosis [53]. Hawkins type 1 fracture has a
good prognosis as the risk of avascular necrosis
is less than 15% [54]. If significant diastasis/dis-
placement (Hawkins type 2) occurs, the risk of
avascular necrosis rises to 50%, and surgical
repositioning and fixation is indicated [54]
(Fig. 13.5¢c—e).

If adequate measures — with rapid intervention
to reposition the displaced fracture — are taken, it
is possible to achieve a positive outcome without
ongoing problems [5] (Fig. 13.5e). D’Hooghe
et al. described the management of progressive
talar body stress fractures in professional football
players through posterior arthroscopy-assisted
compression screw fixation with excellent heal-
ing results [5] (Fig. 13.5a—e). No other articles
were found that combine arthroscopy with talar
stress fracture fixation management.

13.4.6 Talar Process Fractures

Lateral Tubercle Fractures

and Os Trigonum Complex
Posterior impingement in the ankle refers to a
mechanical conflict on the posterior side of the
ankle. In football, it accounts for about 4 % of all
ankle injuries and can present either acutely or
chronically [3].

Posterior ankle impingement syndrome is a
clinical pain syndrome reflecting the most com-
mon cause of posterior ankle pain. It can be pro-
voked by a forced hyperplantar flexion movement
of the ankle [18, 20, 55, 56]. In the event of bony
posterior impingement of the ankle, plantar flex-
ion induces a conflict between the posterior mal-
leolus of the distal tibia onto the posterosuperior
calcaneal bone. A hypertrophic posterior talar
process or an os trigonum is present in almost
7% of the football population [3]. Not every
apparent posterior bone — caused by acute or
repetitive overload (micro)trauma — induces
posterior ankle pain and is not necessarily asso-
ciated with the posterior ankle impingement
syndrome.

Acute forced hyperplantar flexion movement
of the ankle can induce bony conflict in the pos-
terior ankle joint; thus, it is frequently seen in
football. The mechanism of injury is a repetitive
forced plantar flexion or an acute blocked kicking
action. Compression of the os trigonum between
the distal tibia and calcaneal bone can also cause
this lesion, thus potentially leading to
displacement of an os trigonum or fracture of the
processus posterior tali or distal tibia (Fig. 13.6).

13.4.6.1

Fig. 13.6 Lateral X-ray of an os trigonum in a profes-
sional football player’s ankle
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Fig. 13.7 (a) Sagittal CT
image of a Cedell fracture
in a professional football
player’s ankle. (b) Axial
CT image of a Cedell
fracture in a professional
football player’s ankle

Over the last three decades, posterior
arthroscopy of the ankle joint has become a
standardized procedure, with numerous indica-
tions for treating posterior (intra-articular)
ankle pathology. Lack of direct access and the
nature and deep location of its hindfoot struc-
tures are reasons why posterior ankle problems
still pose a diagnostic and therapeutic challenge
today.

The two-portal endoscopic technique by van
Dijk et al. — introduced in 2000 — gives excellent
access to the posterior ankle compartment and
also to the surrounding extra-articular posterior
ankle structures [55].

This technique has modified classic
arthroscopic tools and skills and has introduced a
broad spectrum of new indications in posterior
ankle pathology [55-57].

The most influential indication to perform poste-
rior ankle arthroscopy remains the treatment of os
trigonum. This is an attractive alternative to open
surgery for experienced arthroscopic surgeons.

Improved functional outcomes after sur-
gery, lower morbidity and more rapid rehabili-
tation time, are all reasons why football players
can clearly benefit from this technique
[54-57].

13.4.6.2 Maedial Tubercle Fractures
Fractures of the medial tubercle are rare in foot-
ball [3]. They can be due to:

e Avulsion of the posterior talotibial ligament
(posterior aspect of the deltoid ligament)
¢ Dorsiflexion and eversion (Cedell fracture)

* Direct compression of the process as above
* Impingement of the sustentaculum tali in
supination

In contrast to lateral tubercle injuries, pain and
swelling is usually present between the Achilles
tendon and the medial malleolus. There may, how-
ever, be limited pain on walking or movement of
the ankle. It is difficult to visualize fractures of the
medial tubercle on plain AP and lateral radio-
graphs, and it has been suggested that the addition
of two oblique views at 45° and 70° of external
rotation may significantly aid detection prior to
resorting to a CT or MRI [3] (Fig. 13.7a, b). These
fractures can be approached through the posterior
arthroscopic technique — their extent can be visual-
ized and the necessary treatment can be performed
all in a one-stage procedure.

13.4.6.3 Entire Posterior Process
Fractures

These injuries are usually fractures of the lateral

or posterior process and comprise some of the

most commonly missed fractures in acute ankle

injuries.

Routine AP and lateral radiographs do not
often show acute fractures and may be incor-
rectly interpreted. CT scan remains the main-
stay of diagnosis, but there also needs to be a
high index of suspicion by the assessing physi-
cian [3, 4].

Lateral process fractures in football often
present with signs and symptoms of simple ankle
sprain. Undiagnosed and untreated fractures
often lead to persistent lateral ankle pain and late
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Table 13.1 Hawkins classification of lateral talar pro-
cess fractures [59]

Lateral talar process fractures

Type 1  Simple fracture extending from talofibular to
talocalcaneal joint

Type 2 Comminuted fracture

Type 3 Small chip fracture not involving talofibular

joint

subtalar joint arthritis. Outcomes are suboptimal
when diagnosis and treatment is delayed for more
than 2 weeks [4, 58]. The classification of these
fractures is shown in Table 13.1.

Type 1 fractures benefit from stable fixation
usually via an open surgical technique. Type 3
fractures respond well to conservative treatment.
Type 2 fractures, however, appear to respond best
to early removal of the fracture fragments as
opposed to delayed surgery. Removal of these
fracture fragments by arthroscopy would reduce
the surrounding soft tissue dissection and poten-
tially accelerate return to normal activity.
However, at present, there is no study available
that supports this theory. Further studies are
therefore necessary in this area.

Posterior process fractures usually occur as a
result of forced plantar flexion injuries and are
even less common than lateral process fractures.
Most of these injuries are initially treated with
conservative management, but a small number of
cases with significant comminution (such as in
elite football cases) may be appropriately treated
by early arthroscopic debridement [4].

13.5 Rehabilitation

Rehabilitation is a central aspect of management
of ankle fractures in football athletes. The aim of
arthroscopy in ankle fracture treatment is — in the
first instance — to improve functional outcome
and reduce morbidity and rehabilitation time.
Therefore, it is commonly used as a valuable tool
in football-related ankle traumatology. Initial
elevation after injury or operation, as well as
early range of motion exercises as soon as safely
possible, is encouraged in the early postoperative
phase [3].

13.6 General Outcomes and Time
to Return to Competition

Outcomes from the general population cannot be
directly extrapolated to football players, who
usually receive better and more intense rehabili-
tation. Their safe and prompt return to a highly
demanding level of activity is paramount.
Evidence on outcomes on the rarer fractures
around the ankle (i.e., process and talar frac-
tures) in football is scarce and has been dis-
cussed earlier. Some evidence on the more
common malleolar type fractures has been docu-
mented and allows for some conclusions to be
made [3]. It has to be noted that a number of
studies reporting time-loss ankle injuries from
training and competition provide limited infor-
mation. These studies often group ankle injuries
together, with the severity of injury often being
defined by the time to return to sport (rather than
the type of injury) [3].

Surgical treatment may allow a more rapid
recovery, with earlier weight-bearing and func-
tional rehabilitation providing a speedier return
to normal daily living and work. However, a
recent systematic review by Donken et al. looked
at surgical versus conservative intervention for
treating ankle fractures in adults. He concluded
that there is insufficient evidence to determine
which type of treatment provided better long-
term outcomes [60]. The review only identified
four controlled trials (292 adults with displaced
ankle fractures) from the general population.
Also, there were significant variations and limita-
tions in the types of patients, the surgical and
rehabilitation protocols applied, the outcomes
reported, and the duration of follow-up. Another
study by Colvin et al. looked at the functional
ability of 243 patients who underwent operative
fixation of unstable ankle fractures to return to
“vigorous activity” and sport [6]. Younger,
healthier male patients were more likely to return
to sport. At 1-year follow-up — although 88% of
recreational athletes were able to return to sport —
only 11.6% of competitive athletes were able to
do so. Specifically, those with bimalleolar frac-
tures were more likely to return to sport, com-
pared with those with uni-malleolar fractures.
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However, the study looked only retrospectively at
self-reported outcomes from a general trauma
population [6]. Nevertheless, it has been sug-
gested that surgical management (by open reduc-
tion and internal fixation of unstable ankle
fractures) in football players may provide a num-
ber of advantages. Firstly, it would avoid the
issues of secondary fracture displacement which
delay recovery. Secondly, it would ensure ana-
tomic fracture reduction and articular surface res-
toration. Finally, it allows for early range of
movement exercises and early weight-bearing
(within 1-2 weeks of fixation) and a more rapid
recovery and return to sport [7].

Studies specifically looking at ankle fractures
in football players are limited [3, 7, 8, 61], but
appear to demonstrate that a successful return to
high-level competition can be expected. A study
by Dunley et al. on three professional American
football players showed that all three returned to
their pre-injury level [8]. Similar findings were
reported in a study by Walsh et al. on the surgical
treatment of ankle fractures in three American
football and one football player [61]. Another
study by Oztekin et al. looked at the time-loss
from play in ankle injuries of Turkish profes-
sional football players. In this study, all patients
that were surgically treated for their ankle frac-
ture were able to return to their previous level of
play [62]. A layoff of 150 days in this study was
reported for two football players (one with a

Maisonneuve fracture and one with a lateral mal-
leolar fracture with deltoid rupture), while a
patient that was treated for a lateral malleolus
pseudoarthrosis took 200 days.

Another study by Porter documented the man-
agement, rehabilitation, and outcomes in 27 ath-
letes with ankle fractures that underwent ORIF
(including repair of any injured ligaments). The
indication for surgery was either displacement of
>3 mm or if the athlete was “especially enthusias-
tic” for an early return to sports [7]. The most
common sport injuries were in American football
(ten athletes) and baseball (three athletes), but two
athletes involved in football were also included.
At an average follow-up of 2.4 years (12 months
to 3.7 years), all athletes reported an average
96.4% functional rating compared to their pre-
injury level, with 12 athletes rating their ankle as
100%. Early rehabilitation and ambulation was
encouraged, which included the use of an ankle
Cryo/Cuff™, with athletes encouraged to weight-
bear in a walking boot within a week postopera-
tively. The ability of athletes to be weaned off
their rehabilitative devices and the time required
to reach activity goals are shown in Table 13.2 [7].
Those athletes with isolated Weber A and B lat-
eral malleolar fractures were able to return to
sport within the shortest time. In this study, return
to full activity was seen as early as 4 weeks. Two
out of the six athletes did not rate their ankle
100% in either flexibility or decreased stability

Table 13.2 Time (in weeks) athletes required the use of rehabilitative devices and time when athletes were able to
resume activities in 27 athletes with ankle fractures that underwent ORIF [3, 7]

Time (in weeks) athletes required the use of rehabilitative devices and time when athletes were able to resume

activities

Classification N Crutches Boot
Lateral malleolus 6 1.3+£0.5 3.0+£0.9
fracture

Medial malleolus 2 20+14 20+14
fracture

Bimalleolar fracture 10 3.7+1.6 3.7+£2.0
Syndesmosis 4 33+1.0 23+13
disruption injury

Salter-Harris type 4 20+0.8 35+1.7
fracture

Pilon fracture 1 4.0 2.0

Daily

Brace living Practice Competition
43+38 12+08 5.0x09 6.8+24
70+14 20+00 12057 17.0£9.9

2.£22 1.0+£05 10.9+4.0 12.7+4.0
6.8+x6.1 08+05 135%25 158+1.7
9.0+12 1.0+00 63=+1.3 85x1.0
2.0 1.0 8.0 16.0
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issues. Two athletes in this study, with isolated
medial malleolar fractures, required deltoid liga-
ment repair at the same time. These athletes took
longer to return to competition, with one patient
taking 24 weeks to return to motocross racing.
Athletes with bimalleolar fractures required
12.7 + 4.0 weeks to return to competition, while
athletes with syndesmotic and pilon fractures
took slightly longer. The authors did not docu-
ment the recovery of patients with stable and
undisplaced ankle fractures that underwent non-
operative treatment. There is a lack of evidence
with regard to outcomes and return to competition
in athletes with such injuries, but we feel that
early rehabilitation and ambulation would be pos-
sible in such cases, and a similar return to sport
should be expected [3]. No study was found that
documents arthroscopic-assisted ankle fracture
fixation and its value in return to elite football
resumption, compared to a control group (without
arthroscopy). Further work is required to objec-
tively describe the potentially added value of
arthroscopy in this return-to-sport perspective.

Conclusion

The incidence of ankle fractures is small,
making up less than 3% of all ankle injuries in
the modern professional football game.
Optimal management for the higher-level
football player has to address the demand for
early and safe return to a high level of activity.
The evidence for current best practice in foot-
ball-related ankle fractures remains limited,
and there is a lack of good studies. A thorough
history, examination, and adequate imaging
are essential to correctly diagnose injuries and
decide upon the optimal treatment plan. Early
rehabilitation allows for an early return to
sport within 2—4 months. Surgical reduction
(when indicated) and provision of stability by
fixation optimizes both outcomes and return
to competition in football ankle fractures.
Arthroscopy may be helpful in diagnosing
(and  treating) intra-articular pathology
(because up to 60% of ankle fractures may
have a cartilage injury). It may also have a
role in the assessment of syndesmosis stability
and can assist in the accurate reduction of

displaced (tibial plafond, malleolar, and talar)
fractures. This minimally invasive surgery
allows for a more rapid rehabilitation, with
less complications, than conventional tech-
niques in football athletes.
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14.1 Introduction

Prof. René Verdonk recently wrote that “Nothing
has changed so much in recent years of orthope-
dics as the treatment algorithm of meniscus
lesions” [1]. Together with Prof. Philippe
Beaufils, both started a movement dedicated to
saving the meniscus in order to preserve the future
[2]. In the 1970s, the meniscus has even been con-
sidered as a useless structure [3] that whenever
related to complaints should be completely
removed in order to prevent future injuries. Today,
the current trend defends the preservation of
meniscus tissue whenever possible by means of
repair or even replacement [1]. Nevertheless,
meniscectomy is still one of the most frequent
orthopedic procedures [4] despite the latest results
favor meniscal repair over partial meniscectomy
concerning either clinical outcome and/or risk for
subsequent osteoarthritis [5].

Moreover, patient’s expectations are decisive in
the course of action to follow, especially when deal-
ing with high-level athletes. A doctor who deals
with this subject must be able to provide the best
available knowledge concerning assessment, indi-
cations, outcome, and time to return to activity and
both short- and long-term risks. The patient should
be informed and afterward brought to participate in
the final decision. Concerning professional athletes,
they often require involving family, agents, manag-
ers, and others prior to final decision.

The menisci are heterogeneous structures with
segmental variations according to its biology and
function [6, 7]. The menisci are two wedge-
shaped semilunar disks of fibrocartilage which
have crucial roles in knee kinematics [8]. They
are largely constituted of collagen fibers (mostly
type I collagen) interposed between cells and an
extracellular matrix (ECM) of proteoglycans and

ICVS/3B’s—PT Government Associate Laboratory,
Braga/Guimaraes, Portugal

Ripoll y De Prado Sports Clinic — FIFA Medical
Centre of Excellence, Murcia-Madrid, Spain
Clinica do Dragao, Espregueira-Mendes Sports
Centre — FIFA Medical Centre of Excellence,
Porto, Portugal

e-mail: miguel.oliveira@dep.uminho.pt

glycoproteins [7]. They are known to play a role
in joint nutrition and stabilization [3], load trans-
fer, joint congruency, proprioception, lubrication,
and impact absorption [8-10].

The biological characterization of the menisci
has substantially advanced in the last few years.
Different cells have been described [11], while
segmental variations have also been documented
regarding the type of cells and density [12], ultra-
structure, extracellular matrix, and biomechanical
properties [6]. The lateral meniscus carries most
of the load transfer on lateral compartment while
in the medial compartment the load transmission
is more distributed between the exposed cartilage
surfaces and respective meniscus [13]. In vitro tri-
als indicated that 50-70% of the load transmis-
sion occurs through the corresponding menisci in
the lateral and medial compartment [14]. While
the lateral meniscus has higher mobility, the
medial meniscus also plays a role as secondary
stabilizer contributing to oppose the anterior tibial
displacement [8]. In the meniscus of adults,
peripheral vessels penetrate no more than 10-25%
of the width of the lateral meniscus and 10-30%
width of the medial meniscus [15]. The menisco-
femoral ligaments help to stabilize the posterior
horn of the lateral meniscus to the femoral con-
dyle [16]. The coronary ligaments connect in a
somewhat “slack” way the peripheral meniscal
rim to the tibia. The lateral meniscus has no
attachment to the lateral collateral ligament (LCL)
despite the close anatomical correlation.

The basic science research around the menis-
cus is of the highest relevance once it is known
that it is the basis to understand the mechanism of
healing and influences the indications and out-
come of repair [17]. Moreover, biology and bio-
mechanics represent the fundamentals for the
development of future therapies, including tissue
engineering and regenerative medicine [18].
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14.2 Physiopathology of Meniscal
Injuries (Traumatic
Versus Degenerative)

One critical distinction when dealing with menis-
cus injuries/tears is recognizing its traumatic or
degenerative nature though it is not always easy
to perform [19]. A traumatic meniscus tear is
usually related to an acute knee injury capable of
producing enough energy to tear the meniscus.
Usually, longitudinal, bucket-handle tears (Fig.
14.1) and radial tears (Fig. 14.2) are included in
this category [20]. Flap tears can also be consid-
ered as traumatic (Fig. 14.3).

On the other hand, degenerative meniscus lesions
(Fig. 14.4) have an importantly different nature. A
degenerative meniscus might present characteristics
such as cavitations, softened meniscal tissue, fibril-
lation, multiple tear patterns, or other degenerative
changes [21]. Horizontal tears are most often degen-
erative, even in younger populations [22-24].
Considering posterior root tears, the medial menis-
cus ones are more frequently considered as degen-
erative, while the lateral ones are more frequently
considered traumatic, often related to acute anterior
cruciate ligament (ACL) rupture [25, 26]. This
seems to influence prognosis and outcome.

Patient’s age is known to play a role on the etio-
logical and pathophysiological factors of meniscal
lesions, despite these can occur in all age groups [4,
19, 27]. The tissue characteristics including water
content, cells, extracellular matrix, collagen, and

Fig. 14.1 Arthroscopic view of a bucket-handle tear
inspected by a hook probe

adhesion glycoproteins vary according to age, injury
pattern, and pathological conditions [28]. During
normal knee kinematics, the menisci “suffer” from
compressive, radial tensile, and shear stresses [29—
31]. These have consequences in meniscus injuries
and on secondarily on further knee joint conse-
quences of these injuries [32]. High-energy and
sports-related trauma can be implicated in meniscus
tears [33] which might also occur combined with
fractures around the knee [33].

Clinical presentation of acute tears usually
includes sudden onset of pain and/or swelling of
the knee joint. Mechanical symptoms such as click-
ing, catching, or locking of the knee joint might be
caused by unstable tears [34]. Young and active per-
sons, specifically when involved in level 1 contact
sports that comprise frequent pivoting (e.g., foot-
ball, rugby, or American football), are more prone
to meniscus tears [34]. However, apparently innoc-
uous activities such as walking or squatting have
also been connected to injuries of the menisci [35].

One of the most frequent traumatic mecha-
nisms has been described as a twisting move-
ment at the knee while the leg is bent which is
common during football regardless of the com-
petitive level. Torsional loading or axial loading
(a high compressive force between femur and
tibia) might also cause meniscus injuries [36].
Valgus impact with external rotation of the tibia
can also cause a well-known triad of injuries
involving meniscal damage combined with
medial collateral and ACL tears [37, 38]. Another

Fig. 14.2

Radial tear of medial meniscus (yellow arrow)
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Fig.14.3 Flap tear (yellow arrow) of medial meniscus dislocated to meniscotibial compartment (a), the meniscal flap
is retrieved with the hook probe (b and ¢), partial meniscectomy is performed (d)

Fig.14.4 Arthroscopic view of a complex degenerative tear (a) treated by partial meniscectomy and radiofrequency (b)
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movement typically described by patients with
meniscus tears is a sudden transition from knee’s
hyperflexion to full extension, (the meniscus gets
entrapped between the femur and the tibia) [36].

Meniscal injuries are a common incidental
finding on magnetic resonance imaging (MRI) in
symptomatic and asymptomatic knees [39]. Most
tears are found in older patients that usually result
from long-term degenerative changes. Among
patients with clinical and radiographic findings
of osteoarthritis, the reported prevalence of
meniscal lesions is comprised between 68% and
90% [40, 41]. High-level sports, given its high
demand, with repetition of microtrauma, might
play a role in the early degeneration of the
menisci, as well as the knee joint in general [42].
In both situations, a decreased vascularization
might be expected to lead to tissue degeneration
[19, 43]. The assessment of the global status of
the knee joint is mandatory once it is question-
able if the isolated treatment of meniscal tears is
effective in the reduction of symptoms caused by
global joint osteoarthritis [19]. Sometimes,
depending on several aspects, this is the case
even in active professional football players (e.g.,

previous injuries, long-lasting careers, inade-
quate pitch or shoe wear, age).

14.3 Classification of Meniscal
Injuries

Careful assessment of history and clinical
examination is mandatory. There are many dif-
ferent clinical tests described for diagnosing a
meniscal lesion (e.g., McMurray’s test, joint
line tenderness, Apley’s grinding test) [44].
These have only low to moderate diagnostic
accuracy which increases substantially when
several tests are combined with adequate clini-
cal history [44]. Standing X-ray protocol eval-
uations (including frontal plane, lateral, skyline
patella, and “schuss” view) are useful and
advised as soon as possible in order to assess
alignment and global joint evaluation. MRI has
high accuracy regarding the preoperative eval-
uation of meniscus lesions (Fig. 14.5) [45-47].
A radiologist trained in musculoskeletal radio-
logical assessment is advised once this is asso-
ciated with an increase in accuracy [48, 49].

Fig.14.5 Two consecutive MRI images (a and b) of a longitudinal medial meniscus tear (yellow arrow)
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Meniscus lesions have different patterns,
which are linked to different prognosis, clinical
evolution, and implications [43]. Posterior capsu-
lar avulsions are considered out of the scope of
this text. A correct diagnosis and classification
and understanding the specificity of different
meniscus tears are critical to determine the best
choice for treatment. Several classification meth-
ods of meniscal lesions have been proposed over
the years aiming to guide treatment as well as
prognosis and assessment of outcome [21].

Vascularity is known to play a central role in
meniscus healing; thus it has been taken into account
in the most frequently used classifications. Cooper
et al. [50] described a classification system in which
the meniscus is divided into circumferential zones.
Zone 0 corresponds to the meniscal-synovial junc-
tion, zone 1 corresponds to the outer third of the
meniscus, zone 2 includes the middle third, and
zone 3 is the central third of the meniscus [50].

The ISAKOS classification of meniscal tears
aims to be an improvement on the classification
systems by combining the best currently avail-
able clinical and basic science knowledge. It pro-
vides sufficient interobserver reliability for
decisive factors, which assist surgeons in the

o
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=

choice of the most adequate management, as well
as collecting data from clinical trials designed to
evaluate the outcomes [21].

Various tear patterns and configurations have
been described [51, 52]. These include radial tears,
flap or parrot-beak tears, longitudinal tears, bucket-
handle tears, horizontal cleavage tears, complex
degenerative tears, and more recently a hot topic on
meniscal root tears (Fig. 14.6). A complex tear is
usually described as a combination of two or more
type of tears which might occur in multiple planes
[19]. It must be also considered that, in some cir-
cumstances, a degenerative meniscus injury, previ-
ously asymptomatic, might change and become
symptomatic after an acute traumatic event [19].

14.4 Treatment of Meniscus
Injuries: Meniscectomy,
Repair, and Replacement

14.4.1 Meniscectomy
Meniscectomy is still one of the most frequent

cases in orthopedic surgery [4]. However, recent
results favor meniscal repair over partial menis-

=)

Fig. 14.6 Types of meniscal tears: longitudinal/bucket-handle tear (a), oblique tear (b), parrot-beak or flap tear (c),
complex degenerative tear (d), radial tear (e), horizontal cleavage tear (f), root tear (g)
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cectomy concerning either clinical outcome and/
or risk for subsequent osteoarthritis [5].
Considering the amount of tissue that is removed,
it is usually referred as partial, subtotal, or total
meniscectomy. However, the “boundaries” for
each of these categories are not very well estab-
lished [32]. Partial meniscectomy has been linked
to higher risk of radiographic changes toward
osteoarthritis compared to repair on a recent sys-
tematic review (level I-IV studies) [5]. Considering
traumatic meniscal tears, worse long-term results
have been attributed to partial meniscectomy
when compared to repair either in return to sports
as well as risk for osteoarthritis [53].

The preservation of peripheral rim and the larg-
est possible amount of meniscus tissue has positive
implications for load transmission and contact area
[54-56]. Joint instability (e.g., ACL repair) should
be properly addressed once the risk of undergoing
subsequent meniscectomies was decreased in
patients undergoing a concomitant ACL recon-
struction meniscus repair [57]. So there is a differ-
ence considering prognosis and outcome when
dealing with meniscal tears by meniscectomy on a
stable versus unstable knee [32]. Worse results are
expected when performing isolated meniscecto-
mies on unstable knees [32]. It has been defended
that the indications for surgical repair can be wid-
ened for the medial meniscus given the increased
risk of secondary meniscectomy (if “left alone”),
even for small stable lesions [58]. On the opposite,
for the lateral meniscus with small stable lesions,
“let the meniscus alone” can be sometimes a good
option given the low risk of subsequent meniscec-
tomy [46]. An overall odds ratio of 3.50 for medial
meniscal tears has been described when ACL sur-
gery is performed more than 12 months after the
ACL injury when compared to less than 12 months
after ACL injury [59]. On the other hand, concern-
ing lateral meniscus tears and the period of time
comprised between ACL injury and reconstruction
surgery, there was minimal to no evidence that this
represents a risk factor [59]. These conclusions are
in line with the documented distinctive roles of
medial and lateral menisci within the knee joint.

For traumatic lateral meniscus tears
approached during ACL reconstruction proce-
dures [60], it seems plausible to provide the gen-
eral recommendation to leave small tears (<1 cm)
alone, repair large tears in the vascular zone, and

excise only unstable, irreparable tears in the
avascular zone [61]. Moreover, the risk for rapid
chondrolysis after lateral meniscectomy is con-
siderably higher when compared to medial men-
iscectomy [62, 63]. This is an important possible
complication that patients must be informed
about prior to surgery. In general, a worse out-
come should be expected following a lateral
meniscectomy when compared to medial [32].

It has also been demonstrated that the volume of
subsequent meniscectomy after a failed meniscus
repair is not more than that of the meniscectomy
that would have been performed initially without
repairing [64]. Despite this, partial meniscectomy
has been connected to satisfactory results and faster
return to activity and rehabilitation program when
compared to meniscus repair [53, 65]. This creates
controversy between surgeons, athletes, managers,
and agents. In brief, meniscectomy remains as a
possibility. However, higher risk of complications,
possible lower rate of return to the same level
(mainly in the lateral compartment) and a higher
risk of secondary osteoarthritis must be discussed
with the athlete. Nowadays, even in high-level ath-
letes, there is an increasing strength toward the
general recommendation to preserve the meniscus.

14.4.2 Meniscus Repair

Meniscus repair techniques include all-inside [66,
67], inside-out [68, 69], or outside-in [70, 71]
approaches, alone or in combination. “All-inside”
refers to the fact that suture/repair devices are
kept inside the joint at all times during repair.
Bioabsorbable meniscal repair devices, including
arrows (Fig. 14.7), screws [72], darts, and staples,
have been described for all-inside use. However,
most of these devices were composed of the rigid
poly-L-lactic-acid (PLLA) that has been linked to
some concerns related to degradability. Despite
some good results described in the literature [73,
74], these devices were related to higher failure
rates [75, 76] and a higher number of complica-
tions including synovitis, inflammatory reaction,
cyst formation, device failure/migration, and
chondral damage [76]. Given the considerable
prevalence of complications, these rigid (third-
generation) devices have progressively lost popu-
larity, particularly in high-level athletes.
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Fig. 14.7 Arthroscopic suture of the lateral meniscus
using an all-inside device (a). The scope is introduced
through the medial portal, and the suture device is man-
aged through the lateral portal single-handed (a).
Arthroscopic view of the device trespassing the meniscus

through the capsule where a peek anchor holds the suture
(b). The same device is similarly passed a second time in
a different point of the meniscus. The suture is finally ten-
sioned, and the final result enables a stable repair of the
meniscus (¢)

Fig. 14.8 Model representing inside-out technique
of meniscal suture with curved cannulas to assess
more precise approach to the injury and diminish
neurovascular risk

The most frequently used all-inside sutures are
currently considered as the fourth generation of all-
inside sutures. These are usually composed of suture
combined with small anchors (serving as blocks)
and a prettied slipknot [66]. They have low profile
and permit variable compression and retensioning
of the suture. A depth-limiting sleeve on the inserter
is commonly used to avoid excessive penetrations
of the needle, which has an inherent risk of iatro-
genic complications (neurovascular structures) [77].

Fig. 14.9 Polylactic acid arrow for meniscal repair (yellow
arrow). Acknowledge the risks for subsequent conflict
and/or rigid loose bodies resulting from possible erratic
degradation of the implant inside and/or outside the joint

Inside-out (Fig. 14.8) means that the sutures
come from the inner joint where they are passed
through the meniscus toward the outside (cap-
sule) where knots are tied (or equivalent). In
outside-in (Fig. 14.9), the devices for passing
the sutures are introduced percutaneously into
the joint catching the meniscus tissue, and
afterward they are also fixed over the capsule
beneath the subcutaneous tissue (Fig. 14.10).
Regardless of the used technique, vertical or
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Fig. 14.10 Outside-in meniscus repair technique. Two
needles used as suture passers with nylon loops (a) one
needle trespasses the meniscus, and the first suture is
passed through the meniscus (b) a second needle brings

horizontal mattress sutures can be considered.
Vertical sutures are perpendicular to the cir-
cumferential fibers of the meniscus and have
been stated to have higher pullout resistance
[78]. Horizontal sutures are parallel to the same
fibers.

In order to increase possibilities for healing,
sutures combined with grasping, trephination,
or augmentation with fibrin clot have been pro-
posed [36]. As previously mentioned, meniscal
sutures are not exclusive of acute traumatic
tears, once some selected degenerative injuries
(including some horizontal cleavage tears)
might be effectively repaired [79]. Some degen-
erative meniscal root tears have also been suc-
cessfully repaired thus preserving meniscal
functions [80].

the suture through the capsule for the outside (c¢) and
sutures are tensioned and tied percutaneously resulting in
a vertical suture (yellow arrow) (d)

Currently, the type of tears that can be possi-
bly suitable for suture include horizontal injuries
(degenerative nature even in younger patients)
[22], vertical or longitudinal tears, bucket-handle,
and some radial tears (vascular zone) which are
considered in the traumatic group [20]. All these
can be considered as possibly repairable depend-
ing on the classification, zone, and surgeon’s
experience. Flap tears (frequently traumatic) are
frequently considered irreparable. This type of
lesion can also be detected in complex degenera-
tive (irreparable) lesions. Multiple factors must
be considered when considering to repair a
meniscus lesion [51]. These include age, activity
level, tear pattern, chronicity of the tears, com-
bined injuries (ACL injury), and healing poten-
tial/vascularization. Meniscus repair in older
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Repair techniques and most common indications

Inside-out technique

Posterior horn tears
Middle-third tears

Bucket handle tears
Peripheral capsular tears
Meniscal allograft

Meniscal allograft

Outside-in technique

Anterior horn tears
Middle-third tears

Bucket handle tears
Peripheral capsular tears
Radial tears

All-inside technigue

Posterior horn tears |
Middle-third tears

Bucket handle tears |
Peripheral capsular tears
Radial tears

Meniscal allograft

Fig.14.11 Techniques for meniscus repair and most common indications

people provides worst outcome comparing to
youngsters [81].

Several “biologic” techniques have been tried
and kept under intense development aiming to
enhance healing and repair of meniscus lesions
even in the so-called avascular zones [18, 82].
These include fibrin clot [69, 83], fibrin glue
[84], meniscal rasping, growth factors [85], and
cell-based therapies [86]. Even more experimen-
tal in vivo strategies have been described. As an
example, a bioabsorbable conduit has been tried
to augment the healing of avascular meniscal
tears by increasing vascularization (dog model)
[87]. Additional tactics have been using several
biomaterials such as porous polyurethane [88],
porcine small intestinal submucosa [89], fascia
sheaths [90], collagen scaffolds, and growth fac-
tors [82]. Tissue engineering and regenerative
medicine strategies will most probably provide
new answers to overcome current clinical limita-
tions. However, this ambitious target has not yet
been entirely achieved and requires ongoing
research [82].

Suture/repair techniques have recently improved
a lot based on increased biological and anatomical
knowledge accompanied with advances in surgical
techniques and medical devices [91]. So several
techniques are available and can be selected
according to the injury pattern, surgeon’s experi-
ence, and available resources (Fig. 14.11).

Indications for Meniscal

Repair

Through recent times, there has been a progres-
sive increase in indications for potentially repair-

14.4.2.1

able meniscus lesions including some tears
previously considered as irreparable (Fig. 14.12).

Longitudinal and Bucket-Handle Tears A
vertical or longitudinal tear occurs in the same
orientation as the circumferential fibers of the
meniscus. If such tear reaches enough length
with potential for dislocation/instability, it is
referred as a bucket-handle tear which might
cause locking of the knee joint. These tears,
mainly those at the peripheral vascular zones,
have always been considered as the most
straightforward indication for repair either by
horizontal or vertical sutures or combinations of
both [5, 92, 93]. Stable tears are easier and have
better chances for successful repair [94, 95]. In
the presence of a bucket-handle dislocated/
unstable tear, the first action will be to reduce
bluntly the meniscus to its native site prior to
repair [94].

Radial Tears These are usually related to
trauma but have been also described in the
degenerative meniscus. According to its periph-
eral extent, radial tears can be complete or
incomplete. They are oriented extending from
the inner edge of the meniscus toward its periph-
ery, where there might be some healing capac-
ity. Radial tears are generally considered as
unstable [96]. They were classically considered
as irreparable because once the circumferential
hoop fibers are disrupted and the majority of the
tear is often avascular. However, a complete
radial tear has major biomechanical conse-
quences. Hence, repair of complete radial
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Fig.14.12 Meniscus
injury types and general
potential to repair

Meniscal injuries

Fig.14.13 Complex
meniscus injury including
a radial tear before
tensioning the sutures

(a yellow arrow) and after
tensioning the sutures

(b red arrow)

meniscal tears is critical to restore the mechani-
cal resistance necessary to maintain hoop ten-
sion in the meniscus (Fig. 14.13). Repair of
radial tears is currently considered a challenge
and represents a difficult decision for the sur-
geon [91]. Sutures enhanced by fibrin clot have
been described as providing positive results for
the treatment of radial tears [79, 97].

Horizontal Cleavage Tears Symptomatic hori-
zontal meniscal tears in young patients are a par-
ticular condition that they are often present as
isolated severe meniscus injuries. Classically, the
meniscus will be divided into a superior and an
inferior surface. A complete resection of such
tear would subsequently result in an extensive
(total/subtotal) meniscectomy.  Arthroscopic
repair of such lesions is sometimes possible and
has provided fair outcome [79]. A recent system-
atic review (level IV) concluded that horizontal

Longitudinal tear — - Repairable

Horizontal lesion
Radial tear
- Potentially repairable
Bucket-handle tear
Root Tears
Oblique (flap or parrot beak) tears

~—lIrreparable
Complex degenerative lesions

cleavage tears show a comparable success rate to
repairs of other types of meniscal tears [98].
However, the postoperative protocol is usually
significantly longer opposing to meniscectomy,
and this is a relevant factor in active high-level
athletes. Open meniscal repair of complex hori-
zontal tears, even those extending into the avas-
cular zone, has proven to be effective at midterm
follow-up in young and active patients with a low
rate of failure [99, 100].

Meniscal Root Tears (MRTs) This type of
meniscal tears is receiving increasing attention
[101]. Most regularly, MRTs are degenerative in
nature (medial compartment) and must be differ-
entiated from the traumatic root tears (more often
in lateral compartment and combined with ACL
tear). They can be repaired by tibial fixation [80]
when the tissue remnant is adequate for repair.
The repair of root tears (Fig. 14.14) has been
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Fig. 14.14 Schematic representation of transtibial rein-
sertion of posterior root tear of the medial meniscus

done by trans-osseous tunnels [26] and all-inside
techniques (more frequently on anterior horns)
[102].

14.4.3 Meniscus Replacement

Meniscus allograft transplantation (MAT) has
proven to be an effective and reproducible tech-
nique when dealing with consequences of severe
meniscal loss [103, 104]. On the other hand, par-
tial meniscus replacement by means of scaffolds
(mainly acellular) has been used with promising
short-term clinical outcome for chronic partial
meniscus defects [82, 105—-107]. The indications
for both techniques are different, while, in sum-
mary, scaffold implantation requires that the
meniscal roots and peripheral rim remain pre-
served (which is not a requirement for MAT).
There is even one case report describing return to
play on a professional footballer after partial lat-
eral meniscus replacement [108]. However, we
cannot find current evidence in the literature to
promote such techniques in active athletes and
expect consistent return to sports at the same
level. Such technique, however, represents the
best option in some young patients with post-
meniscectomized knees as bridging procedures
for more aggressive therapies (e.g., osteotomies
or arthroplasties). This is quite common in foot-

ballers in the final stage of their active competi-
tive careers.

14.5 Results and Return to Sports

Generally fair results are to be expected even
allowing athletes to return to pre-injury levels of
sports after partial meniscectomy particularly on
the short term [109]. However, results seem to
deteriorate with time concerning the lateral com-
partment. Chatain et al. [110] found a higher rate
of lowering sports level after lateral meniscec-
tomy [110]. Jaureguito et al. [111] reported in
their series that the time of maximal improvement
after arthroscopic partial lateral meniscectomy
occurred at a mean of 5 months after surgery and
lasted about 2 years [111]. Higher reoperation
rates (about twice as much) have been reported
after lateral meniscectomy comparing to medial
(further arthroscopies, osteotomies, or arthroplas-
ties) [32, 110]. Meniscectomy also has been con-
sidered to lower the outcome of ACL repair [112,
113]. Considering these, there is a growing trend
toward meniscus repair and preservation.

In general, the healing rates after meniscal
repair according to literature are complete healing
in 60% of the cases, partial healing in 25% of the
cases, and failure in 15% of the cases [56].
Moreover, partially or incompletely healed
menisci are often asymptomatic [64, 99]. The fail-
ure rate after arthroscopic meniscal repair ranges
from 5% to 43.5%. However, in general, a failure
rate around 15% is accepted by most authors [64].

Another point is that the attempt of meniscal
repair, even if it fails, does not seem to worsen the
outcome of a subsequent meniscectomy [64].
According to the best available knowledge, it can be
stated that arthroscopic meniscal repair provides
long-term protective effects, even if the initial heal-
ing sometimes is incomplete [56]. Degenerative
meniscal tears have lower possibilities for healing
and subsequently for repair. Even so, it has been pre-
sented that repair horizontal of degenerative cleav-
age tears can achieve favorable results with a low
rate of secondary meniscectomy [99]. Concerning
radiographic changes, a significant difference has
been observed: 78% of meniscal repairs had no
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radiographic degenerative changes comparing to
64% of partial meniscectomies [5]. Another study
has also demonstrated that meniscal repair for iso-
lated traumatic meniscal tears enabled better out-
come in long-term follow-up concerning prevention
of osteoarthritis and sports activity recovery com-
pared with partial meniscectomy [53]. In this study,
the rate of return to sports activity was 96.2% after
repair compared with 50% after meniscectomy [53].

There is no consensus in the literature con-
cerning a possible difference in failure rate for
medial meniscus repair comparing to lateral [5,
114]. Despite several reports that meniscal repair
combined with ACL reconstruction provides a
better outcome, this fact was not confirmed in a
study at more than 5 years follow-up [114].
Moreover, the initial meniscal healing rate after
meniscal repair in a recent study did not signifi-
cantly influence clinical or imaging outcomes,
and only 12.9% of patients underwent subse-
quent meniscectomy [56].

In summary, the risk for subsequent menis-
cectomy after the meniscal repair is low (8.9%)
[57]. Meniscus repair is globally a safe and
effective procedure [57]. Furthermore, the vol-
ume of an eventual subsequent meniscectomy
after failed meniscal repair is not significantly
increased when compared to the volume of tis-
sue removal if meniscectomy had been the
option in primary surgery [64]. It should be
noted that, when dealing with traumatic lateral
meniscus tears during ACL reconstruction pro-
cedures [60], it seems plausible to provide the
general recommendation to leave small (<1 cm)
tears alone, repair large tears in vascular zone,
and excise unstable tears in avascular zone
(level I study) [61]. The red-white (zone 2) (rim
width 3-5 mm) of menisci has been considered
the “gray” area for healing; however, in selected
cases, repair in zone 2 is possible and might
provide good outcome [92].

In the case of meniscectomy is required, the
preservation of peripheral rim and the largest pos-
sible amount of meniscus tissue has positive impli-
cations for load transmission and contact area
[54-56]. In general, the most recent meta-analysis
concludes and reinforces that meniscal repairs have
better long-term patient-reported outcomes and bet-

ter activity levels than meniscectomy. Furthermore,
meniscal repair had a lower failure rate than menis-
cectomy [115]. As previously referred, replacement
strategies by either meniscus allograft transplanta-
tion or partial replacement by scaffolds have not
been settled as reproductive and consistent tech-
niques for active footballers [82, 103, 116].

14.6 Complications

Arthroscopic or open meniscal surgery (menis-
cectomy, repair, or replacement) has some risks
of complications which are common to any sur-
gical procedure. After the previous, this section
will dedicate attention to complications consid-
ered as specific of meniscal repair. Surgical
repair of the posterior horn of either medial or
lateral menisci is associated with some risk of
iatrogenic damage to local neurovascular struc-
tures [117]. Concerning the posterior horn of lat-
eral meniscus, special attention is dedicated to
the popliteal artery and common peroneal nerve
[117]. On the other hand, during repair of the
posterior horn of medial meniscus, the saphe-
nous nerve (mainly its infrapatellar branch) is at
some risk. Popliteal artery injury (fistulas, pseu-
doaneurysm, or even laceration) has been
reported despite being exceptionally rare [69,
118, 119]. Neuropraxia of the saphenous nerve
(and its infrapatellar branch) is the most common
neural injury with some authors reporting 22%
of transient saphenous neuropraxia (mainly in
inside-out techniques) [120]. During medial
meniscus repair, few reports have described pos-
sible entrapment of the saphenous vein, medial
collateral ligament, sartorius, gracilis, and semi-
membranosus tendons [121, 122].

The use of rigid meniscal repair devices (e.g.,
polylactic acid or derivatives) has been associ-
ated with possible loose fragments/bodies in or
outside the joint [123]. Sometimes this might be
related to the structure and erratic degradation
rates of such polymers [123]. Device-specific
complications include synovitis, inflammatory
reaction, cyst formation, device failure/migra-
tion, and chondral damage [76]. Regarding the
most commonly used all-inside devices, particu-
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Fig.14.15 Model demonstrating hard PEEK component
of an all-inside device that can migrate intra-articularly

larly during the beginning of the learning curve
period, complications may arise such as loosen-
ing of the implant inside the joint (Fig. 14.15),
intra-articular deployment of the device, and
suture failure or cutting while tensioning or bend-
ing of the device itself during its use [77].
Cartilage of meniscal damage might derive from
the former [77]. It is also possible to observe
some superficial granulomas around sutures and/
or rigid implants of all-inside suture devices (Fig.
14.16).

Conclusion

The high-level athlete has specific demands
concerning return to activity (timing and level
of same return to play). Despite the fact that
arthroscopic meniscectomy has provided, and
still provides, satisfactory results on the treat-
ment of irreparable meniscal lesions, there is
a growing trend toward meniscal preserva-
tion. Meniscal repair has proven to be effec-
tive, reproducible, and reliable if adequate
indications and techniques are elected. Some
injuries previously considered as irreparable

Fig.14.16 Outside view of a late granuloma around knot
sutures 4 months after outside-in medial meniscus repair
(the knee is in complete flexion)

are currently found to be potentially reparable
(e.g., horizontal cleavage tears, radial tears,
root tears). Preoperative planning is manda-
tory in order to achieve more efficient classi-
fication and subsequent prognosis and
treatment strategies. Currently, surgeons ded-
icated to the knee joint must be trained and
prepared for several repair options of menis-
cus injuries.
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15.1 Anterior Cruciate Ligament

Injuries
15.1.1 Anatomy

The anterior cruciate ligament (ACL) is an intra-
articular but extra-synovial ligament that origi-
nates from the lateral femoral condyle within the
intercondylar notch. The ACL inserts on the tib-
ial plateau, medial to the insertion of the anterior
horn of the lateral meniscus [1-3].

15.1.2 Biomechanics and Function

The ACL is the primary restraint to anterior tibial
translation and secondary restraint to tibial rota-
tion and is distinguished into two functional bun-
dles, the anteromedial (AM) and the posterolateral
(PL). The terminology of the bundles is based on
their tibial insertion. The AM fibers originate on
the most proximal part of the femoral origin and
insert on the anteromedial aspect of the tibial
insertion site. The PL fibers originate on the most
distal aspect of the femoral origin and insert on
the posterolateral aspect of the tibial insertion
site. When the knee is extended, the femoral
attachment of the ACL is in a vertical position,
the PL bundle is tight, and the AM bundle is
moderately lax. As the knee is flexed, the femoral
attachment of the ACL becomes a more horizon-
tal orientation, causing the AM bundle to tighten
and the PL bundle to loosen [2, 3].

15.1.3 Mechanism of Injury

At least two-thirds of ACL tears occur during
noncontact situations such as cutting, pivoting,
accelerating, decelerating, or landing from a
jump [4, 5]. Isolated injuries of the ACL can
occur when a twisting impact is applied at the
knee joint forcing either in internal rotation and
hyperextension or in external rotation and valgus.
Along with ACL, concurrent lesion to MCL and

the capsule may be caused when the impact at the
knee occurs at the lateral side, forcing the knee
into valgus and external rotation. The same injury
can be caused by an impact to the medial side of
the foot. Concurrent lesion of the LCL and pos-
terolateral corner may result from an impact at
the medial side of the knee (or lateral side of the
foot) that forces the knee into varus and internal
rotation. Finally, concurrent injury or the PCL is
the end result of high-energy trauma, dislocation
or subluxation of the knee, lateral or medial
impact, and hyperextension or hyperflexion inju-
ries [6-8].

15.1.4 Symptoms and Diagnosis

During the initial trauma, the patient may hear a
“pop” and feel sudden knee pain, giving way
symptom, and inability to continue the activity;
however, sometimes the athlete may be able to
walk off the field. During the next hours, usually
there is excessive swelling that is attributed to
hemarthrosis as can be shown by knee joint aspi-
ration. The cause of hemarthrosis is ACL rupture
in 70% of cases. Limitation of range of motion
(both active and passive) may be present, while
catching sensation (block) that further deterio-
rates any flexion or extension may occur, usually
as a result of concurrent meniscal lesion.

The anterior instability that results from the
ACL rupture can be assessed by the Lachman-
Noulis [9] and the anterior drawer test that both
estimate the anterior tibial translation (ATT) in
relation to the femur in 20-30° and 90° of knee
joint flexion, respectively (Fig. 15.1). For both
tests the ATT is evaluated according to the end
point (firm, soft) [10]. The rotational instability
can be assessed with the pivot shift test that is a
very specific but nonsensitive test in the non-
anesthetized patient. By applying an internal
rotary torque and valgus load to the knee, the
examiner notices the subluxation and reduction
of lateral tibial plateau during passive extension
and flexion of the knee causing a glide or a clunk,
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Fig. 15.1 The examination of anterior instability of the knee after ACL rupture with (a) the Lachman-Noulis test and
(b) the anterior drawer test (Photo from Prof. Georgoulis ad archives)

depending on the degree of subluxation. A jump
is noted at approximately 10-20° of flexion [10].
Instrumental devices such as the KT-1000
arthrometer (MEDmetric, San Diego, CA) may
quantify the ATT. A side-to-side difference for
ATT greater than 5 mm is indicative of ACL rup-
ture, while that of 3—5 mm has been indicative of
partial ACL rupture.

The X-ray may exclude any fracture. The MRI
examination may offer several primary and sec-
ondary findings indicative of an ACL rupture.

15.1.5 Natural History and Treatment
Principles

ACL rupture is functionally disabling, predispos-
ing the knee to subsequent injuries such as tears
of the menisci and cartilage degeneration thus
predisposing to early onset of osteoarthritis. The
level of activity of the patient and the desire to
return to the prior to injury level, the recurrent
giving way symptoms, and the positive pivot shift
are factors that indicate operative treatment plan
for patients with ACL rupture especially for ath-
letes (professional or recreational) and athletic
population. Arthroscopic ACL reconstruction
aims to restore intact knee joint function, stabil-
ity, and biomechanics [11]. In the long term, the
restoration of abnormal knee joint biomechanics
of the ACL-deficient knee may prevent the onset

of early posttraumatic articular cartilage degen-
eration and the progression to osteoarthritis [12].
The time interval from ACL injury to reconstruc-
tion is not as important as the condition of the
knee at the time of surgery. The knee should have
a full range of motion with minimal effusion; the
patient should have minimal pain and be men-
tally prepared for the reconstruction and rehabili-
tation after surgery.

15.1.5.1 Surgical Technique

The most commonly used grafts are the patellar
tendon graft with bone blocks at both sides, the
hamstrings tendon graft, and the quadriceps ten-
don graft. Allografts and synthetic grafts have
also been used; however, these should not be
considered the first choice for athletes. Several
issues have been considered important, initiat-
ing a discussion on ways to improve the ACL
reconstruction technique, aiming toward a more
anatomic approach [13, 14]. The discussion is
mainly focused either on the choice of graft or
on tunnel position, which are the main consider-
ations in an anatomic ACL reconstruction. In
the first aspect, bone-patellar tendon-bone and
hamstring graft (either single-bundle [SB] or
double-bundle [DB] graft) are the most com-
monly used; they have comparable properties to
the native tissue, and their effectiveness has
been proven [14-16]. The second concept
regarding where to place the femoral and tibial
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Fig. 15.2 Arthroscopic pictures demonstrating the pas-
sage of a bone-patellar tendon-bone autograft through the
tibial tunnel toward the femoral tunnel (/eft) and the final
graft position that imitates native anterior cruciate liga-
ment anatomy and obliquity (right) (Photo from
authors’study: Zampeli F, Giotis D, Bernard M, Pappas E,

tunnels has been well discussed. Most recent
evidence suggests positioning of the graft at the
anatomic insertions of the native ACL [17, 18].
A more detailed description of the anatomy of
the ACL has been helpful in an attempt to repli-
cate the exact anatomy and behavior of the ACL
(Fig. 15.2).

15.2 Maedial Collateral Ligament
Injuries

MCL injury is common during contact sports,
and it represents about 8% of sports injuries [19].
MCL tears present as an isolated injury or com-
monly in combination with injury to the ACL,
posterior cruciate ligament (PCL), or both.

15.2.1 Anatomy

The MCL consists of three units, named the
superficial MCL (s-MCL), the deep MCL
(d-MCL) or medial capsular ligament, and the
posterior oblique ligament (POL) [20]. The

AD. Anatomic

Georgoulis single-bundle Anterior
Cruciate Ligament (ACL) reconstruction with intraopera-
tive restoration of abnormal tibiofemoral position restores
knee joint biomechanics and function to normal levels.
17th ESSKA Congress 2016, Barcelona, Spain)

s-MCL is a broad ligament that attaches at the
medial femoral epicondyle and inserts just below
the pes anserinus, 4-5 cm distal from the joint
line that is taut during flexion and lax during full
extension. Just deep into the s-MCL lies the
d-MCL which is a confluence of the menisco-
femoral, meniscocapsular, and meniscotibial lig-
aments. Posterior to the MCL is the posteromedial
corner (PMC), made up of a condensation of the
capsule forming the POL that is tight in extension
[20, 21].

15.2.2 Biomechanics

The MCL, and more specifically the s-MCL, pro-
vides 78% of the valgus restraining force of the
knee. In extension, the ACL and PMC (POL,
medial meniscus, and semimembranosus) also
contribute to valgus stress, and the MCL provides
57% of the restraining force against valgus stress
[22-24]. In general, an isolated MCL tear leads
to valgus laxity in flexion, while additional injury
to the secondary valgus restraints (PMC or ACL)
leads to increased laxity in extension.



15 Injury of Knee Ligaments

169

Fig. 15.3 The examination for medial collateral ligament injury. Valgus stress testing at (a) 0° and (b) 30° of knee
flexion estimates the amount of laxity (Photo from Prof. Georgoulis ad archives)

15.2.3 Diagnosis

The mechanism of injury includes either contact
valgus stress on the knee such as after a lateral
blow to the lower thigh or upper leg or noncon-
tact valgus stress with or without a rotational
component, for example, during cutting maneu-
vers when an athlete plants his/her foot and then
forcefully shifts directions [23]. There is pain
and swelling at the site of MCL, but not knee
joint swelling. If this occurs other concomitant
ligamentous injuries may be suspected (ACL,
PCL). The ability to walk may be impaired.
Valgus stress testing at 0-30° of knee flexion
estimates the amount of laxity (Fig. 15.3). At
30° of knee flexion, a grade I injury is <5 mm of
medial joint opening, grade II is 5-10 mm of
laxity, and grade III is >10 mm. Any laxity at 0°
is indicative of associated injuries such as a cru-
ciate tear or a posteromedial capsular injury.
The location of the MCL injury refers to femo-
ral avulsion, tibial avulsion, or midsubstance
tear. Complete tibial-sided MCL tears (tears that

involve both the deep and the superficial compo-
nents) often do not heal. Plain radiographs may
show a bony avulsion or an osteochondral frag-
ment that could alter the treatment plan. MRI
often provides significant data that assist in
treatment of an MCL injury: the severity and
location of the MCL tear and any associated
cruciate ligament, meniscal, or capsular
damage.

15.2.4 Treatment

Treatment recommendations are based on the
severity, location, and chronicity of the MCL
injury, as well as concomitant knee injuries.
15.2.4.1 Acute Isolated MCL Injury

(<3 weeks)

Isolated grade I and II injuries are treated with
nonoperative management with protected weight
bearing, reestablishment of range of motion, and
use of hinged bracing to avoid further valgus
strain [25]. After 1-2 weeks for grade I and
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2-4 weeks for grade II injuries, most patients
return to sport [26-28].

For treatment of grade III (complete) isolated
MCL injury, both nonoperative and operative
treatments have been advocated with no subjec-
tive or objective differences between the two
methods [29, 30]. Due to the lower complication
rate and especially arthrofibrosis after nonopera-
tive treatment, this is initially applied for com-
plete tears. Most patients may require 6—12 weeks
to return to sport after nonoperative treatment.

For MCL injuries with tibial-sided or bony
avulsions, acute repair has been indicated [31],
although it has also been proposed to follow
closely the tibial-sided avulsions to assess heal-
ing and the need for operative repair. Operative
repair should be considered if there is medial lax-
ity still present after a trial of rehabilitation.

15.2.4.2 Combined MCL and Cruciate
Ligament Injuries

For MCL injuries with combined ACL or PCL
injuries, the optimal perspective is to evaluate
each injury individually to determine the treat-
ment plan. The general principle is a nonoperative
treatment of the MCL with the delayed treatment
of the ACL once the MCL is healed [32, 33]. In
case of grade III MCL injuries and especially
tibial avulsion injuries, operative repair should be
considered if there is medial laxity still present
after a trial of 4-6 weeks of rehabilitation. Once
ACL surgery is initiated, examination under
anesthesia will show if any valgus laxity persists,
suggesting that cruciate ligament reconstruction
along with MCL repair or reconstruction should
be performed [34].

15.2.4.3 Chronic MCL Injuries
(>6 weeks)

Chronic MCL injury that leads to chronic MCL
instability may be caused either from a grade
III or a tibial-sided avulsion MCL injury that
failed to heal [35]. Indications for operative
reconstruction include inability to participate in
athletic activities. Although every effort is

made to primarily repair the MCL scarring tis-
sue does not allow to identify the torn edges,
MCL reconstruction with either semitendino-
sus or hamstrings autograft or allograft tendon
is performed [36].

15.3 Posterior Cruciate Ligament
Injuries

The reported incidence of PCL injuries has been
variably reported to range from 3 to 20% even up
to 44% of all acute knee injuries [37-39].

15.3.1 Anatomy

The PCL originates on the posterior surface of
the tibia and passes superiorly and anteromedi-
ally to insert on the lateral wall of the medial
femoral condyle. It has an average width of
13 mm and length of 38 mm, and it is fan-shaped,
being narrowest in the midportion and fanning
out superiorly and, in a lesser extent, inferiorly.
The PCL consists of a larger anterior band which
is taut in flexion and relaxed in extension and a
smaller posterior band which is taut in extension
and relaxed in flexion.

15.3.2 Biomechanics and Function

The PCL is the strongest of the two cruciate liga-
ments in the knee and accounts for about 95% of
the total restrain to posterior translation of the
tibia in regard to the femur [40]. Secondary stabi-
lizing functions are to restraint rotation when the
knee is flexed, varus and valgus movement when
the knee is extended, and restraint also overex-
tension and hyperflexion [41, 42]. The main
function of PCL (the resistance to posterior tibial
translation) is also performed by other structures
which are secondary stabilizers. These include
the meniscofemoral ligaments and the posterolat-
eral and posteromedial structures.
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15.3.3 Mechanism of Injury

American football and football are among the
most important sports activities leading to a PCL
injury [43]. In football, the goalkeeper is most
exposed to this type of injury [44]. The possible
mechanisms of injury include:

(1) A posteriorly directed force on the upper
front of flexed knee. During american foot-
ball or football, a blow to the anterior surface
of proximal tibia forces the tibia posteriorly
and causes a PCL tear

(2) Fall on a flexed knee while the foot is in plan-
tar flexion

(3) Knee hyperflexion while the foot is in
dorsiflexion

(4) Sudden hyperextension

15.3.4 Associated Lesions

Isolated PCL injuries are not uncommon and
have been estimated from 7% up to 47%,
although the injury is most commonly associ-
ated with other ligamentous injuries [44-46].
The most commonly injured structure along
with a PCL injury is the posterolateral corner
(PLC), resulting in posterolateral rotatory insta-
bility (PLRI) [47, 48]. Associated meniscal or
cartilage lesions may be found along with either
an isolated PCL injury [49, 50] or when other
ligament injuries exist along with the PCL rup-
ture [46].

15.3.5 Diagnosis

Patients may present effusion, pain in the back of
the knee, or pain with flexion beyond 90° or dur-
ing kneeling. Instability is presented usually with
combined PCL/PLC injuries rather than after an
isolated PCL rupture. In general, the effusion and
the pain are less than with an ACL injury. The
clinical tests that indicate a PCL injury include:

Fig. 15.4 Posterior drawer test. The biomechanical basis
for this test is that the maximum posterior tibial transla-
tion occurs between 70 and 90° of knee flexion with PCL
deficiency (Photo from E-writing “orthopaedics” for med-
ical students’ lessons, 2nd Department of Orthopaedics,
Aristotelion University of Thessaloniki)

(a). The posterior drawer test with high sensitiv-
ity and specificity (90-99%) [51]. The bio-
mechanical basis for this test is that the
maximum posterior tibial translation occurs
between 70 and 90° of knee flexion with
PCL deficiency (Fig. 15.4)

The step-off test is performed with the
knee flexed at 90°. At this position, the
medial tibial plateau normally lies approx-
imately 1 cm anterior to the medial femo-
ral condyle. This starting position, or
step-off, is usually reduced in the PCL-
deficient knee

(c). The posterior sag test

(d). The quadriceps active test

(b).

The posterior translation is graded according
to the amount of posterior subluxation of the
tibia. Tibial translation between 1 and 5 mm is
considered a grade I injury. A grade II injury
exists when posterior tibial translation is between
5 and 10 mm, and a grade III injury is seen when
the tibia translates greater than 10 mm posterior
to the femoral condyles.

Other clinical tests include:

(a) The Whipple-Ellis test
(b) The dynamic posterior shift test [52]
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(c) The reverse pivot shift test helps identify
posterolateral rotatory instability due to
associated  injuries of  posterolateral
structures

(d) The external rotation thigh-foot angle test

Instrumental devices such as the KT-1000
(MEDmetric) or rolimeter (AirCast) have been
developed in order to accurately measure the pos-
terior tibial translation [53] although these are
less accurate for detecting PCL insufficiency
than ACL deficiency [54].

15.3.6 Natural History

Compared to the ACL, the PCL can heal sponta-
neously given its abundant blood supply from the
branch of the middle genicular artery and the

superficial synovial layer by which is covered
[38, 55-57].

15.3.7 Treatment

Nonoperative management with aggressive reha-
bilitation is proposed for acute grade I-II isolated
PCL injuries. Conservative treatment includes a
brace for 2—6 weeks and functional rehabilitation
with special emphasis to quadriceps strengthen-
ing. On the other hand, surgery is recommended
in patients with grade III injuries, symptomatic
grade II injuries, chronic symptomatic isolated
PCL lesions, and multi-ligament injuries.
Arthroscopically assisted techniques are most
commonly used to perform PCL reconstruction.
The most commonly used grafts are patellar or
quadriceps tendon autografts and Achilles tendon
allografts for PCL reconstruction or hamstring
tendons for PCL augmentation techniques.

For chronic posterior knee instability, some
general rules for the PCL surgery are:

(1) One should not operate on a fixed posterior
drawer (drawer which cannot be reduced
manually) [58]

(2) The torn PCL must be only reconstructed
and not repaired

(3) All the components of the instability must be
corrected

(4) The reconstruction must be followed by spe-
cific rehabilitation protocols

The principal factors to be considered before
surgery include graft selection, one- or two-
bundle technique, drilling of a tibial tunnel, or
use of a tibial inlay fixation. Also other factors
are treatment of combined instabilities and neces-
sity to perform a high tibial valgus osteotomy
(HTO) [59].

15.4 Lateral Collateral Ligament
Injuries and Posterior Lateral
Instability

15.4.1 Anatomy and Biomechanics

The lateral collateral ligament (LCL) is the pri-
mary static restraint to varus opening of the knee
[60]. The LCL inserts at femur proximal and pos-
terior to the lateral epicondyle in a small depres-
sion between the lateral epicondyle and the
supracondylar process and distally at the fibular
head 8 mm posterior to the most anterior aspect
of the fibular head [61, 62]. The posterior lateral
corner (PLC) of the knee consists of various ana-
tomic structures that include the iliotibial tract,
LCL, popliteus tendon complex (the muscle-
tendon unit and the ligamentous connections
from the tendon to the proximal fibula, tibia, and
meniscus), popliteofibular ligament (PFL), the
biceps tendon, and the posterolateral capsule [63,
64]. The primary function of the PLC is to resist
varus rotation, external tibial rotation, and poste-
rior tibial translation [60, 65]. It should be noted
that the PLC, not the PCL, is the primary restraint
to posterior tibial translation near full knee exten-
sion [65].

15.4.2 Diagnosis
The LCL is most commonly injured in combina-

tion with one of the cruciate ligaments. The
mechanism of injury is usually hyperextension in
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combination with a varus loading of the knee.
Mechanisms of PLC injury include a posterolat-
erally directed blow to the anteromedial proximal
tibia with resultant hyperextension, a noncontact
hyperextension and external rotation twisting
injury, direct blow to a flexed knee, or high-
energy trauma [63]. PLC injuries rarely occur in
isolation. They are often accompanied by other
ligamentous injuries, especially PCL injury [63].
The term posterolateral rotatory instability is
used to describe posterior subluxation of the lat-
eral tibial plateau that can occur with an external
rotation torque in knees with pathologic laxity of
the PLC [66].

The clinical tests include the varus stress test
and external rotation tests. For the former varus
stress test is applied with the knee flexed at 30°.
Up to 5 mm of laxity indicates LCL injury. Varus
opening of 5-10 mm indicates combined LCL
and popliteus injury, and more than 10 mm indi-
cates LCL, popliteus, and ACL or PCL injury. In
these cases there is also instability in the extended
knee. The external rotation tests include the pos-
terolateral drawer test, the reverse pivot shift test,
the external rotation recurvatum test, and the dial
or posterolateral rotation test. All allow detecting
injury of the PLC complex. For the reverse pivot
shift test, it should be noted that it may be posi-
tive in 35% of normal knees.

The most commonly used classification sys-
tem defines injury severity based primarily on
varus instability. Grade I injuries are sprains with
little or no varus instability (0-5 mm opening).
Grade II injuries are partial injuries with moder-
ate laxity (6—10 mm). Grade III injuries are com-
plete injuries with significant laxity (>10 mm).
Rotational instability is then defined by the dial
test, with instability defined as an increase in
external tibial rotation of 10° compared with that
of the contralateral knee. Since PLC injuries may
have significant rotational instability with mini-
mal varus instability, some authors proposed a
grading system that combines both varus and
rotational instability [1]. According to this grade
Iinjuries have minimal instability (either varus or
rotational instability of 0-5 mm or 0-5°), grade 11
injuries have moderate instability (6-10 mm or
6-10°), and grade III injuries have significant

instability (>10 mm or >10°). It is important to
note that as with all PLC classification systems,
this system has not been validated.

Standard radiographs may either be normal or
show avulsion or tibial plateau fractures. MRI is
always indicated in order to elucidate complex
PLC anatomy.

15.4.3 Treatment

In general grade III LCL injuries are treated sur-
gically, whereas grade I and grade II injuries are
treated nonoperatively. For athletes who have
acute injuries of the posterolateral structures and
posterolateral rotatory instability, surgical treat-
ment within 2 weeks is widely recommended
before significant capsular scarring occurs. This
can be done by direct repair, with or without aug-
mentation, or by primary reconstruction. There
has been a recent trend, however, toward more
nearly anatomic reconstruction, with attention
paid to proper insertion site anatomy in order to
restore native knee kinematics as well as possible
[26]. Avulsion injuries are best treated with either
rigid internal fixation or sutures, depending on
the nature of the avulsion [63]. In case of com-
bined acute injuries, an attempt should be made
to address all concomitant injuries at the same
setting, taking also in consideration the possible
risk of arthrofibrosis [67]. In the chronic injuries
of the posterolateral structures, reconstructive
procedures are usually necessary. The operations
that have been described include a proximal
advancement of the posterolateral structures [68],
biceps tenodesis [69], and reconstruction of the
LCL [70, 71], PFL, or popliteotibial ligament
[72, 73]. A variety of autografts or allografts have
been employed for this purpose.

15.5 Knee Dislocation

Dislocation of femorotibial joint requires major
trauma and may occasionally occur during sports.
It is considered an orthopedic emergency because
blood vessel injury may occur in 30% of these
injuries. Also nerve injuries are not uncommon.
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The dislocation has to be reduced immediately,
and close estimation of blood supply should be
done for the first days. Depending on the direc-
tion of dislocation, several ligaments of the knee
may be injured. Both ACL and PCL may be torn
along with LCL and posterolateral structures or
MCL. Operative treatment for athletes should be
performed within 2 weeks when collateral liga-
ment and PLC structures may be repaired, while
ACL and PCL may be reconstructed later. When
the patient’s condition does not allow early oper-
ative treatment, reconstruction may be performed
later and the sequence of reconstruction should
be PCL, ACL, PLC, LCL, MCL, and others (e.g.,
extensor mechanism, iliotibial band (ITB), biceps
tendon). Most athletes face difficulty in returning
to prior activity level. When possible, return to
play occurs within 9-12 months.
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16.1 Anatomy, Biomechanics,

and Mechanism of Injury

The patella is the largest sesamoid bone of the
human body. It is enfolded by the quadriceps and
patellar tendons which connect, respectively, to the
quadriceps muscle and to the lower leg bone (tibia),
composing the quadriceps mechanism. Along with
its counterpart, the trochlear groove of the femur
(also known as trochlea) constitutes together the
patellofemoral joint — (Fig. 16.1) [1-4].

As an integral part of the knee, the patello-
femoral joint is one of the most structurally
complex articulations with high functional and
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Fig.16.1 Patellofemoral
joint structure — adapted
from [3]

Quadriceps
muscle

Fig.16.2 Representation
of the increasing of the
patellar tendon moment
arm [6]

biomechanical requirements. The biomechani-
cal structure of this joint, along with its soft
tissue complex, is able to withstand compres-
sion and tension forces (e.g., releasing the ten-
sion around the femur, by transmitting these
forces to the patellar tendon), playing a major
role to the flexion and extension movements of

Quadriceps
tendon

y

~ Femoral
~ groove

Patella

Patellar tendon

the knee. Thus, the patella acts as a biological
lever arm transmitting the force of the quadri-
ceps muscles to centralize the divergent forces.
This mechanism improves the knee extension
effectiveness by increasing the moment
arm of the patellar tendon (Fig. 16.2).
Complementarily, patella has an aesthetic
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Fig. 16.3 Representation of the most relevant patello-
femoral joint motion patterns: (a) medial-lateral transla-
tion and patellar tilt, on the axial plane; (b) internal and

function for the human leg and forms a bony
shield, protecting the tibiofemoral joint from
direct trauma (external impacts and damage)
[1, 4-6].

As a moveable osseous part, patella executes
characteristic movements along the different ana-
tomical plans of the human body (Fig. 16.3). In
the axial plane, patellofemoral joint features
medial-lateral translation, also called glide, and
rotation, usually known as tilt. In the sagittal
plane, rotation assumes the designation of flex-
ion, and it detected a slight anterior-posterior
translation. On the other hand, rotation in the
coronal plane is commonly defined as spin. The
fitting in the trochlear groove (at 20-30° knee
flexion) is observed in this plane as well, although
it is not described in the literature as a patello-
femoral motion pattern. The patellofemoral joint
movements depend on many factors such as the
trochlear configuration, medial patellofemoral
ligament (MPFL) efficiency, vastus medialis
obliquus (VMO) strength, and the tibial internal
rotation control (during flexion). In fact, well-
developed muscles (the quadriceps and particu-
larly the VMO) may aid the patellofemoral
control and protect the joint from wear, prevent-
ing many causes of patellofemoral pain, specifi-
cally the ones related to the high athletic demands
like in football [1, 5, 7].

external rotation (also designated “spin”), on the coronal
plane; (c¢) flexion and extension, on the sagittal plane —
adapted from [7]

Due to the large mobility of the patellofem-
oral joint (6 degrees of freedom), the contact
facets of the patella are often subject to high
contact loads. These contact stresses within the
patellofemoral joint gradually increase with
knee flexion (Fig. 16.4). For instance, a simple
daily routine exercise of climbing stairs will
reflect in a fourfold increase of the body weight
on the patella. Along with this line, due to situ-
ations of maximum flexion (approximately
120°), where the tension increases up to Six-
fold the body weight, the patella is more sus-
ceptible to fracture. In this sense, the high
torsional loads experienced in the football
player’s knee during several football maneu-
vers (such as pivoting or cutting) may predis-
pose them to an early onset of patellofemoral
lesions [1, 5, 6, 8].

Activities which increase the patellar com-
pression, such as quadriceps contraction, will
typically incite pain. In football, pain-inducing
activities include running, kicking, landing
from a jump, or falling on the knee. Out of the
football field, the pain is typically experienced
while kneeling, squatting, climbing stairs, or
sitting with the knee flexed. Athletes may
struggle with episodes of functional instability,
described as collapsing or giving away of the
knee, although some authors consider this
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Fig.16.4 Color gradient to represent different degrees of stress areas between the contact facets of the patellofemoral

joint — adapted from [3]

dislocation of the patella as a “going out”
movement of the knee. Usually, the patello-
femoral symptomatology is triggered by con-
tact forces within the knee joint. In the context
of a football game, traumatic chondrosis of
patellar or trochlear cartilage, or even patellar
fracture, may occur due to direct trauma, as in
the case of tumble on the knee. Despite the fact
that the high level of training (strength or
endurance, typical in elite levels) and competi-
tion may contribute to a proper neuromuscular
control and muscular strength, it also can lead
to a chronic overuse, often causing patellar
chondrosis, as well as patellar or quadriceps
tendinopathy. In this sense, other common
football-related actions, such as running or
kicking, may also contribute to the develop-
ment of an overuse symptomatology. Scientific
literature reports that higher knee abduction
moments during landing are predisposing risk
factors for both patellofemoral pain and ante-
rior cruciate ligament (ACL) injuries and that
these significantly greater force loading rates
are verified in female football players, when
compared to males [9, 10].

16.2 Etiopathogeny

Anatomical and physiological abnormalities of
the patellofemoral joint may represent the cause
for multiple clinical problems of the knee [1, 11].
Patellofemoral pain (also known as patellofemo-
ral s