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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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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

Foreword
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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.

João Espregueira-Mendes

Preface
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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 

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.
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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.

J. Ferraz et al.
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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  
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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.

2.4	 �The Injury 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 = 6), 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).
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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 

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.2, 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 

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 

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].

Fig. 2.4  Football 
gestuality and potential 
injuries

× × ×
× ×

×

min 0-15 min 15-30 min 30-45 min 45-60 min 60-75 min 75-90

× Calf

Hip/groin

Quadriceps

Hamstrings

Total

0

20

40N
um

be
r 

of
 in

ju
rie

s

60

80

100

120Fig. 2.5  Location and 
percentage of total 
injuries (courtesy of 
Waldén M et al. [2])

2  Epidemiology: The Most Frequent Lesions



10

2.7	 �Are Women 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.

2.8	 �Are Children 
and Adolescents at Risk?

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 
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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, I 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 I 
think of greater relevance to the effect 
required.

3.2	 �Part I

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.)

•	 Lifestyle
•	 Training requirements
•	 Requirements of the competition

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

•	 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

	(b)	 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

	(c)	 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

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 

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

Previous history of injuries (>)
Anxiety 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 (>)

3  Teamwork in Football/Bringing Science to the Pitch
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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:

•	 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

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

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

•	 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 

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
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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	 �Part II

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 Illness 
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 
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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 III

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 
Kübler-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 
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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

	(c)	 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

García and Más [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?
•	 What is it used for?
•	 How has it evolved?
•	 What is its content?
•	 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.

R. Moura 
Rodolfo Moura’s Center, Porto, Portugal
e-mail: rodolfomoura@sapo.pt
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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-

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 

Fig. 4.1  Field case being 
used during a football 
game
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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 10–15 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 

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.

4.6	 �The Field Case: Features 
and Content

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 

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

4.7	 �Guidelines for the Use 
of the Field Case

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

	 (ii).	 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
	(viii).	 Act to prevent the spread of transmissible 

diseases
	 (ix).	 Be aware that his action plays an impor-

tant pedagogical role

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.

Table 4.1  List of products

Iodine solution Stitch adhesive strips
Hydrogen peroxide Disposable gloves
Ethyl alcohol Spray patch
Saline solution Hambu
Ether solution Mayo tube
Spongostan Portable defibrillator
Sterile gauze Splints (boot and glove 

type)
Cotton Scissors
Normal and hypoallergenic 
patch

Tweezers

Cold spray ethyl Scalpel
Gel ice power Elastic wraps
Elastic bandages Anti-inflammatory drugs
Binding bandages Painkillers
Adhesive elastic bandage Antacids
Adhesive nonelastic tapes Hydrotricine
Neuromuscular patches Vaseline
Mousse pretape Antihistamine (cream or 

gel)
Liquid spray pretape Cool box
Syringes and needles Instant ice
Soludacortina
Tourniquet
Staples and device

R. Moura
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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

5.2.1	 �Head Injuries

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.

Players who exhibit signs or have symptoms 
of possible head injury must immediately be 
removed from play and medically evaluated. 
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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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.

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.

Fig. 5.1  FIFA’s pocket concussion recognition tool
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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?
•	 Is there any midline effusion, bony tender-

ness, and step-off on palpation?
•	 Are there any neurological signs of central 

injury or paresthesias in the extremities?
•	 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.
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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.

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.

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?

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

3.   Able to Actively Rotate Neck?

Able

No Radiography

Unable

Radiography
No

No Yes

Yes

Age ≥ 65 years
          or
Dangerous mechanism*
          or
Paresthesias in extremities

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

45° left and right 

Dangerous Mechanism:

Simple Rearend MVC Excludes:

Delayed:

- 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

- pushed into oncoming traffic
- hit by bus / large truck
- rollover
- hit by high speed vehicle

- i.e. not immediate onset of neck pain

**

***

*

Fig. 5.2  Canadian C-spine rule
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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–III).

Clinical signs vary from:

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

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

•	 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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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.

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 

Ligament stretched
Partial rupture
A.C. ligaments

Complete rupture
A.C. and C.C. ligaments

Type I Type II Type III

Type IV

Superior view

Type V Type VI

Clavicle displaced posterior
over acromion

Clavicle displaced just
under skin

Clavicle underneath
coracoid (very rare!)

Fig. 5.3  Rockwood classification of AC joint dislocations
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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:

•	 Is there any major deformity?
•	 Does the athlete have full range of motion?
•	 Is strength symmetrical?
•	 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:

•	 Can the athlete bear weight?
•	 Does he have full range of motion?
•	 Is strength symmetrical?
•	 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

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

•	 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.

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.

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

•	 Mechanism of injury
•	 Site of pain
•	 Bony or soft tissue tenderness
•	 Swelling
•	 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 

Lateral view Medial view

A Posterior
edge or tip

of lateral
malleolus

6 cm 6 cm

C Base of 5th
metatarsal

Malleolar zone

Midfoot zone

B Posterior
edge or tip
of medial
malleolus

D Navicular

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:
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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.

6  Principles of Rehabilitation
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Fig. 6.1  Grade 2 muscle injury rehabilitation and progression criterion (adapted from www.footballmedicine.net and 
used under permission of Football Medicine®)

J.P. Araújo et al.
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7.1	 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 

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-

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

Joint Plane Movement
Range  
of motion

Hip 
(ball-and-
socket 
synovial 
joint)

Sagittal Flexion
Extension
Hyperextension

120
120
20

Frontal Adduction
Abduction

25
40

Transverse Internal rotation
External rotation

45
45

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

Joint Plane Movement
Range  
of motion

Knee 
(synovial 
hinge 
joint)

Sagittal Flexion
Extension
Hyperextension

135
135
0

Frontal None None
Transverse Rotation (full 

extension)
Rotation (70° 
flexion)

0
45

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

Joint Plane Movement
Range of 
motion

Ankle 
(synovial 
hinge joint)

Sagittal Plantar flexion
Dorsiflexion

45
20

Rearfoot and 
midfoot joints

Multiplanar Inversion
Eversion

35
15
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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.
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8.1	 �What Is it?

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].

8.3	 �Biomechanics of Football 
Injury

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]

	(c)	 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 fíbula.

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 frequency; 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, 

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.

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.

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.

9.3	 �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.

9.4	 �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 

S. Rodrigues-Gomes et al.



67

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 

S. Rodrigues-Gomes et al.



69

imaging, steering-based gray-scale imaging, 
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 

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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a regular 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 MRI.

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

References

	 1.	 Johnson R.  Sports medicine in primary care. 
Philadelphia: Saunders; 2000.

	 2.	Geertsma T, Maas M. Beeldvormende diagnostiek in 
de sportgeneeskunde. Geneesk Sport. 2002;35:12–6.

	 3.	De March A, Robba T, Ferrarese E, et al. Imaging in 
musculoskeletal injuries: state of the art. Radiol Med. 
2005;110:15–131.

	 4.	Cook JL, Purdam CR. Is tendon pathology a contin-
uum? A pathology model to explain the clinical pre-
sentation of load-induced tendinopathy. Br J  Sports 
Med. 2009;43(6):409–16.

	 5.	Mcurdie I. Imaging in sports and exercise medicine “ 
a sports physician’s outlook and needs”. Br J Radiol. 
2012;85(1016):1198–200.

	 6.	Pathria MN.  Physical injury: spine. In: Resnick D, 
Niwayama G, editors. Diagnosis of bone and joint 
disorders. 3rd ed. Philadelphia: WB Saunders; 1995. 
p. 2825–98.

	 7.	ACR–SPR–SSR practice parameter for the perfor-
mance of radiography of the extremities 2014

	 8.	Peterson JJ et al. History of arthrography. Radiol Clin. 
2009;47(3):373–86.

	 9.	Ekstrand J et al. Injury incidence and injury patterns 
in professional football: the UEFA injury study. Br 
J Sports Med. 2011;11:553–8.

	10.	Evans CS, Harris NS. Ultrasound and ski resort clin-
ics: mapping out the potential benefits. Wilderness 
Environ Med. 2012;23(3):239–47.

	11.	Bianchi S, Martinoli C. Ultrasound of the musculo-
skeletal system. Berlin Heidelberg: Springer-Verlag; 
2007.

9  Imaging in Football Lesions



78

	12.	Whittingham TA. Broadband transducers. Eur Radiol. 
1999b;9:298–303.

	13.	Alfredson H, Ohberg L, Forsgren S. Is vasculo-neural 
ingrowth the cause of pain in chronic Achilles tendi-
nosis? An investigation using ultrasonography and 
colour Doppler, immunohistochemistry, and diagnos-
tic injections. Knee. Surg Sports Traumatol Arthrosc. 
2003;11(5):334–8.

	14.	Alfredson H, Ohberg L. Sclerosing injections to areas 
of neo-vascularisation reduce pain in chronic Achilles 
tendinopathy: a double-blind randomised controlled 
trial. Knee Surg Sports Traumatol Arthrosc. 
2005;13(4):338–44.

	15.	Reiter M, Ulreich N, Dirisamer A, Tscholakoff D, 
Bucek RA. Colour and power Doppler sonography in 
symptomatic Achilles tendon disease. Int J  Sports 
Med. 2004;25(4):301–5.

	16.	Zanetti M, Metzdorf A, Kundert HP, Zollinger H, 
Vienne P, Seifert B, Hodler J. Achilles tendons: clini-
cal relevance of neovascularization diagnosed with 
power Doppler US. Radiology. 2003;227(2):556–60.

	17.	Tol J, de Jonge S, Weir A, de Vos RJ, Verhaar J. 
Relationship between neovascularization and clinical 
severity in Achilles tendinopathy: a prospective analy-
sis of 556 paired measurements. Knee Surg Sports 
Traumatol Arthrosc. 2012;20(suppl 1):S63.

	18.	de Vos RJ, Weir A, Cobben LP, Tol JL. The value of 
power Doppler ultrasonography in Achilles tendinop-
athy: a prospective study. Am J  Sports Med. 
2007;35(10):1696–701.

	19.	van Sterkenburg MN, de Jonge MC, Sierevelt IN, van 
Dijk CN. Less promising results with sclerosing eth-
oxysclerol injections for midportion achilles tendi-
nopathy: a retrospective study. Am J  Sports Med. 
2010;38(11):2226–32.

	20.	Entrekin RR, Porter BA, Sillesen HH, et al. Real-time 
spatial compound imaging: application to breast,  
vascular and musculoskeletal ultrasound. Semin 
Ultrasound CT MR. 2001;22:50–64.

	21.	Lin CD, Nazarian LN, O’Kane PL, et al. Advantages 
of real-time spatial compound sonography of the mus-
culoskeletal system versus conventional sonography. 
AJR Am J Roentgenol. 2002;171:1629–31.

	22.	Weng L, Tirumalai AP, Lowery CM, et  al. US 
extended field-of-view imaging technology. 
Radiology. 1997;203:877–80.

	23.	Barberie JE, Wong ADW, Cooperberg PL, et  al. 
Extended field-of-view sonography in musculoskeletal 
disorders. AJR Am J Roentgenol. 1998;171:751–7.

	24.	Lin EC, Middleton WD, Teefey SA. Extended field of 
view sonography in musculoskeletal imaging. 
J Ultrasound Med. 1999;18:147–52.

	25.	Sauerbrei EE.  Extended field-of-view sonography: 
utility in clinical practice. J  Ultrasound Med. 
1999;18:335–41.

	26.	Peetrons P, Allaer D, Jaenmart L. Cysts of the semilu-
nar cartilages of the knee: a new approach by ultra-
sound imaging. Study of six cases and review of the 
literature. J Ultrasound Med. 1990;9:333–7.

	27.	Brandser EA, El-Khoury GY, Kathol MH, et  al. 
Hamstring injuries: radiographic, conventional  
tomographic, CT and MR imaging characteristics. 
Radiology. 1995;197:257–62.

	28.	Cho KH, Lee YH, Lee SM, et al. Sonography of bone 
and bone-related diseases of the extremities. J  Clin 
Ultrasound. 2004;32:511–21.

	29.	Erickson SJ. High-resolution imaging of the musculo-
skeletal system. Radiology. 1997;205:593–618.

	30.	Caruso G, Lagalla R, Derchi L, et al. Monitoring of 
fracture calluses with color Doppler sonography. 
J Clin Ultrasound. 2000;28:20–7.

	31.	Boutry N, Lapegue F, Masi L, et al. Ultrasonographic 
evaluation of normal extrinsic and intrinsic carpal 
ligaments: preliminary experience. Skelet Radiol. 
2005;34:513–21.

	32.	Peetrons P. Ultrasound of muscles. Eur Radiol. 2002; 
12:35–43.

	33.	Rutten MJ, Collins JM, van Kampen A, et al. Meniscal 
cysts: detection with high-resolution sonography. 
AJR Am J Roentgenol. 1998;171:491–6.

	34.	Seymour R, Lloyd DC. Sonographic appearances of 
meniscal cysts. J Clin Ultrasound. 1998;26:15–20.

	35.	Peetrons P, Creteur V, Bacq C. Sonography of ankle 
ligaments. J Clin Ultrasound. 2004;32:491–9.

	36.	Campbell DG, Menz A, Isaacs J.  Dynamic ankle 
ultrasonography. A new imaging technique for acute 
ankle ligament injuries. Am J  Sports Med. 
1994;22:855–8.

	37.	Jones MH, England SJ, Muwanga CL, et al. The use 
of ultrasound in the diagnosis of injuries of the ulnar 
collateral ligament of the thumb. J  Hand Surg (Br). 
2000;25:29–32.

	38.	Noszian IM, Dinkhauser LM, Orthner E, et al. Ulnar col-
lateral ligament: differentiation of displaced and nondis-
placed tears with US. Radiology. 1995;194:61–3.

	39.	Finlay K, Lee R, Friedman L. Ultrasound of intrinsic 
wrist ligament and triangular fibrocartilage injuries. 
Skelet Radiol. 2004;33:85–90.

	40.	Ptasznik R, Feller J, Bartlett J, et  al. The value of 
sonography in the diagnosis of traumatic rupture of 
the anterior cruciate ligament of the knee. AJR Am 
J Roentgenol. 1995;164:1461–3.

	41.	Miller TT. Sonography of injury of the posterior cru-
ciate ligament of the knee. Skelet Radiol. 2002;31: 
149–54.

	42.	O’Reilly MA, O’Reilly PM, Bell J. Sonographic appear-
ances of medial retinacular complex injury in transient 
patellar dislocation. Clin Radiol. 2003;58:636–41.

	43.	Nazarian LN, McShane JM, Ciccotti MG, et  al. 
Dynamic US of the anterior band of the ulnar collateral 
ligament of the elbow in asymptomatic major league 
baseball pitchers. Radiology. 2003;227:149–54.

	44.	De Smet AA, Winter TC, Best TM, et  al. Dynamic 
sonography with valgus stress to assess elbow ulnar 
collateral ligament injury in baseball pitchers. Skelet 
Radiol. 2002;31:671–6.

	45.	Brasseur JL, Morvan G, Godoc B. Dynamic ultraso-
nography. J Radiol. 2005;86:1904–10.

S. Rodrigues-Gomes et al.



79

	46.	Gupta KB, Duryea J, Weissman BN.  Radiographic 
evaluation of osteoarthritis. Radiol Clin N Am. 
2004;42:11–41.

	47.	Scott Jr WW, Fishman EK, Magid D. Acetabular frac-
tures: optimal imaging. Radiology. 1987;165:537.

	48.	Magid D, Michelson JD, Ney DR, Fishman EK. Adult 
ankle fractures: Comparison of plain films and inter-
active two- and three-dimensional CT scans. AJR. 
1990;154:1017–23.

	49.	Kuszyk BS.  Fishman EK. Direct coronal CT of the 
wrist: helical acquisition with simplified patient posi-
tioning. AJR Am J Roentgenol. 1996;166(2):419–20.

	50.	Magid D, Fishman EK.  Musculoskeletal infections in 
patients with AIDS: CT findings. AJR. 1992;158:603–7.

	51.	Ayala A, Murray JA, Erling MA.  Osteoid osteoma: 
intraoperative tetracycline-fluorescence demonstration 
of the nidus. J Bone Joint Surg Am. 1988;68:747–51.

	52.	Newberg AH, Munn CS, Robbins AH. Complications 
of arthrography. Radiology. 1985;155:605–6.

	53.	Vande Berg BC, Lecouvet FE, Poilvache P, et  al. 
Spiral CT arthrography of the knee: technique and 
value in the assessment of internal derangement of the 
knee. Eur Radiol. 2002;12:1800–10.

	54.	Ahn JM, El-Khoury GY. Role of magnetic resonance 
imaging in musculoskeletal trauma. Top Magn Reson 
Imaging. 2007;18:155–68.

	55.	Gold GE, Hargreaves BA, Beaulieu CF. Protocols in 
sports magnetic resonance imaging. Top Magn Reson 
Imaging. 2003;14:3–23.

	56.	Mosher TJ. Musculoskeletal imaging at 3 T: current 
techniques and future applications. Magn Reson 
Imaging Clin N Am. 2006;14:63–76.

	57.	Craig JG, Go L, Blechinger J, et al. Three-tesla imag-
ing of the knee: initial experience. Skelet Radiol. 
2005;34:453–61.

	58.	Gold GE, Han E, Stainsby J, Wright G, Brittain J, 
Beaulieu C. Musculoskeletal MRI at 3. 0 T: relaxation 
times and image contrast. AJR Am J  Roentgenol. 
2004;183:343–51.

	59.	Uematsu H, Takahashi M, Dougherty L, Hatabu 
H. High field body MR imaging: preliminary experi-
ences. Clin Imaging. 2004;28:159–62.

	60.	Galban CJ, Maderwald S, Uffmann K, et al. Diffusive 
sensitivity to muscle architecture: a magnetic reso-
nance diffusion tensor imaging study of the human 
calf. Eur J Appl Physiol. 2004;93(3):253–62.

	61.	Anderson MW, Greenspan A.  Stress fractures. 
Radiology. 1996;199:1–12.

	62.	Espregueira-Mendes J, Pereira H, Sevivas N, Passos 
C, Vasconcelos JC, Monteiro A, et al. Assessment of 
rotatory laxity in anterior cruciate ligament-deficient 
knees using magnetic resonance imaging with Porto-
knee testing device. Knee Surg Sports Traumatol 
Arthrosc. 2012;20:671–8.

	63.	Espregueira-Mendes J, Andrade R, Leal A, Pereira H, 
Skaf A, Rodrigues-Gomes S, et al. Global rotation has 
high sensitivity in ACL lesions within stress MRI. 
Knee Surg Sports Traumatol Arthrosc. 2016:1–11.

9  Imaging in Football Lesions



Part III

Ankle and Foot Injuries



83© ISAKOS 2017 
J. Espregueira-Mendes et al. (eds.), Injuries and Health Problems in Football, 
DOI 10.1007/978-3-662-53924-8_10

Injury of Ankle Ligaments

Renato Andrade, Hélder Pereira, João Paulo Vilas-
Boas, João Espregueira-Mendes, and C. Niek van Dijk

Contents

10.1     �Introduction �   84

10.2     �Lateral Ankle Instability �   84
10.2.1  �Predisposing Risk Factors �   85
10.2.2  �Classification �   85
10.2.3  �Diagnosis �   87
10.2.4  �Imaging Evaluation �   89
10.2.5  �Surgical Versus Conservative 

Management �   90

10.2.6  �Surgical Management �   91
10.2.7  �Conservative Management �   93
10.2.8  �Prevention �   94

10.3     �Tibiofibular Syndesmotic Injuries �   94

10.4     �Deltoid Ligament Injuries �   95

10.5     �Return to Training and Competition �   95

10.6     �Final Remarks and Future Directions �   96

�References �   97

R. Andrade (*) 
Clínica do Dragão, Espregueira-Mendes Sports 
Centre, FIFA Medical Centre of Excellence,  
Porto, Portugal 

Dom Henrique Research Centre,  
Porto, Portugal 

Faculty of Sports, University of Porto,  
Porto, Portugal
e-mail: randrade@espregueira.com 

H. Pereira 
3B’s Research Group – Biomaterials, Biodegradables 
and Biomimetics, University of Minho, Headquarters 
of the European Institute of Excellence on Tissue 
Engineering and Regenerative Medicine,  
AvePark, S. Cláudio de Barco, 4806-909 Taipas, 
Guimarães, Portugal 

ICVS/3B’s – PT Government Associated Laboratory, 
Braga, Portugal 

Orthopedic Department, Centro Hospitalar Póvoa de 
Varzim Vila do Conde, Póvoa de Varzim, Portugal

Ripoll y de Prado Sports Clinic—FIFA Medical 
Centre of Excellence, Murcia-Madrid, Spain 

J.P. Vilas-Boas 
Faculty of Sports, CIFI2D, and Porto Biomechanics 
Laboratory (LABIOMEP), University of Porto,  
Porto, Portugal 

J. Espregueira-Mendes 
Clínica do Dragão, Espregueira-Mendes Sports 
Centre, FIFA Medical Centre of Excellence,  
Porto, Portugal 

Dom Henrique Research Centre, Porto, Portugal 

3B’s Research Group – Biomaterials, Biodegradables 
and Biomimetics, University of Minho, Headquarters 
of the European Institute of Excellence on Tissue 
Engineering and Regenerative Medicine,  
AvePark, S. Cláudio de Barco, 4806-909 Taipas, 
Guimarães, Portugal

ICVS/3B’s – PT Government Associated Laboratory, 
Braga, Portugal

Orthopedic Department, Minho University,  
Braga, Portugal 

C. Niek van Dijk 
Amsterdam Medical Centre, Amsterdam, The Netherlands

10

mailto:randrade@espregueira.com


84

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], 

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 

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)

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

Intrinsic risk factors Extrinsic risk factors

Variable Negative effect No effect Variable Negative effect No effect

Previous injury [30–36] – Improper lace-up of 
ankle brace

[50, 51] –

Gender [43] [32] third/fourth generation 
of artificial turf

[52, 53] –

Age [43] [30, 33] Absence of or incorrect 
warm-up

[54] –

Biometry (height, 
weight)

[36, 44] [30, 31, 33] Player position [34, 55] [33]

Poor NM postural 
control

[31, 37–40] [33, 43] Time into the game/
season

[34] –

ROM (ankle) [41, 42] [31] Lack of use of external 
support

[36, 56] –

Strength – [39, 41]
Anatomical alignmenta [44, 45] [33, 45–49]

aAnatomical 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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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).

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

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

•	 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), 

Table 10.2  Classification system adapted from Konradsen et al. [59]

Grade Severity

Grading criteria (compared to the uninjured side)

Anatomical damage

Swelling, 
tenderness, and 
pain Laxity Function

I Mild Stretching of the ligament 
without macroscopic 
rupture

Minor swelling and 
tenderness

Normal Minimal

II Moderate Partial macroscopic  
rupture of the ligaments

Moderate swelling, 
tenderness, and 
pain

Mild to 
moderate

Some loss of motion 
and moderate 
functional disability

III Severe Complete rupture of the 
ligaments and the joint 
capsule

Severe swelling and 
pain

Increased Major loss of function 
and reduction of 
motion

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

Grade

Grading criteria (compared to the uninjured 
side)

Decreased 
ROM Edema

Stress 
radiography

I Up to 5° Lower 
0.5 cm

Normal

II 5–10° 0.5–2.0 cm Normal
IIIA Greater  

than 10°
Greater than 
2.0 cm

Normal
IIIB Laxity greater 

than 3 mm

Legend: ROM – range of movement

Table 10.4  Functional classification of ankle sprains

Grade Grading criteria

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

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

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

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

•	 Pain during palpation combined with a posi-
tive anterior drawer test and hematoma discol-
oration (sensitivity of 100% and specificity of 
77%)

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 

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).

a b

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) 

(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)

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 

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].

Fig. 10.4  Stress radiography evaluation of the right foot
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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 

Fig. 10.5  Magnetic resonance imaging of the left foot. It has visible signal changes in the lateral ligament complex 
(mainly in the CFL)
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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 Broström 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 Broström 
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 left). Mini-open 
approach is then used for ATFL and CFL repair
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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].

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 

a b

c d

Fig. 10.7  Arthroscopic Broström repair: (a) and (b) after 
introducing the arthroscope in the media portal, the lateral 
gutter is inspected, and the lateral portal is created by 

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

•	 Acute: less than 6 weeks
•	 Subacute: between 6 weeks and 6 months
•	 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).

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 
in a short 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.

Table 10.6  Hintermann classification of medial ankle 
injuries [200]

Grade

Grading criteria

Localization Ligaments involved

I Proximal tear or 
avulsion

Tibionavicular or 
tibiospring

II Intermediate tear
III Distal tear or 

avulsion
Tibionavicular and 
spring
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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%), stiffness 
(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 Broström 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 
Broström 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 IIa 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:

•	 Refined arthroscopic repair techniques
•	 Improved arthroscopic ATLF fixation
•	 Developed biomechanical dynamic testing 

protocols
•	 Developed effective secondary prevention 

programs
•	 Improved adherence and compliance with pre-

vention programs
•	 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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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].

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
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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].

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 

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

a b

Fig. 11.5  MRI image of tibial osteochondral defect (a). Retrograde drilling using specific aiming device (b)
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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-

Fig. 11.6  Fixation of a loose osteochondral fragment 
after lifting, debridement and drilling, filling with bone 
autograph, and ultimately screw fixation
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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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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 

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 
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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-Müller and Lauge-Hansen systems [17–19]. 
According to Danis-Weber and AO-Müller, 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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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. 

a b c

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, (c) post-Danis-Weber C fracture complication with talus lateral shift
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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

It is 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 talus 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 B1  – 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 C1 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, 

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. 

Fig. 12.3  Lisfranc fracture-dislocation
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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.

Fig. 12.4  Diaphysis fracture (zone III) of fifth 
metatarsal
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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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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 

a b

E

Fig. 12.5  Fifth metatarsal stress fractures treated with intramedular compression screw

Fig. 12.6  Stress fracture of the tarsal navicular
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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 

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
•	 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
•	 Ligament ruptures
•	 Impingement syndromes
•	 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:

•	 Malleolar fracture
•	 Intra-articular fracture
•	 (Osteo)chondral injury
•	 Syndesmotic injury
•	 Talar body/neck fracture
•	 Talar process fractures

13.3	 �ARIF

The obvious benefits of ARIF in the management 
of ankle fractures are:

•	 Accurate reduction of damage to the soft tis-
sue envelope and blood supply to the damaged 
area

•	 Reduced incidence of infection
•	 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 syn-
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 

P. d’Hooghe et al.



131

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].

13.4	 �Indications for Combined 
Ankle Arthroscopy in Acute 
Football Ankle Fractures

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:

•	 Mechanism of injury
•	 Correct classification
•	 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  

a b
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
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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 

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 

a b c

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-

articular excursion. (c) After arthroscopic-assisted percu-
taneous reduction and fixation with control over the 
anatomical reduction and articular cartilage status
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(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].

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 

a b c d

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) 

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

a b c d

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. 

(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
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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–e) 
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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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 

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 

a b c 

d e

Fig. 13.5  (a) Sagittal CT image of a professional football 
player with sudden ankle pain after a preseason training 
camp. (b) Sagittal T1 MRI image of a talar body stress 
fracture. Note the Hawkins sign. (c) Coronal T2 MRI 
image of the progressive diastasis of the talar body stress 

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
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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. 13.5c–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

13.4.6.1	 �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).

Fig. 13.6  Lateral X-ray of an os trigonum in a profes-
sional football player’s ankle
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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	 �Medial Tubercle Fractures
Fractures of the medial tubercle are rare in foot-
ball [3]. They can be due to:

•	 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 

a bFig. 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
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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. 

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

P. d’Hooghe et al.



139

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 Brace
Daily 
living Practice Competition

Lateral malleolus 
fracture

6 1.3 ± 0.5 3.0 ± 0.9 4.3 ± 3.8 1.2 ± 0.8 5.0 ± 0.9 6.8 ± 2.4

Medial malleolus 
fracture

2 2.0 ± 1.4 2.0 ± 1.4 7.0 ± 1.4 2.0 ± 0.0 12.0 ± 5.7 17.0 ± 9.9

Bimalleolar fracture 10 3.7 ± 1.6 3.7 ± 2.0 4.2. ± 2.2 1.0 ± 0.5 10.9 ±4.0 12.7 ± 4.0
Syndesmosis 
disruption injury

4 3.3 ± 1.0 2.3 ± 1.3 6.8 ± 6.1 0.8 ± 0.5 13.5 ± 2.5 15.8 ± 1.7

Salter-Harris type 
fracture

4 2.0 ± 0.8 3.5 ± 1.7 9.0 ± 1.2 1.0 ±0.0 6.3 ±1.3 8.5 ± 1.0

Pilon fracture 1 4.0 2.0 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 

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 

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. 14.1  Arthroscopic view of a bucket-handle tear 
inspected by a hook probe

Fig. 14.2  Radial tear of medial meniscus (yellow arrow)
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a b

c d

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 c), partial meniscectomy is performed (d)

a b

Fig. 14.4  Arthroscopic view of a complex degenerative tear (a) treated by partial meniscectomy and radiofrequency (b)

I.F. Cengiz et al.
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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].

a b

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 

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-

a

d e f g

b c

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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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].

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 

a b c

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 (c)

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

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
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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].

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 

a b

c d

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 

the suture through the capsule for the outside (c) and 
sutures are tensioned and tied percutaneously resulting in 
a vertical suture (yellow arrow) (d)
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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).

14.4.2.1	 �Indications for Meniscal 
Repair

Through recent times, there has been a progres-
sive increase in indications for potentially repair-

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 

Fig. 14.11  Techniques for meniscus repair and most common indications
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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 

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 

Fig. 14.12  Meniscus 
injury types and general 
potential to repair

a bFig. 14.13  Complex 
meniscus injury including 
a radial tear before 
tensioning the sutures  
(a yellow arrow) and after 
tensioning the sutures  
(b red arrow)
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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 

Fig. 14.14  Schematic representation of transtibial rein-
sertion of posterior root tear of the medial meniscus
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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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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 

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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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 

a b

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)
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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	 �Medial 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 

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.

Fig. 15.2  Arthroscopic pictures demonstrating the pas-
sage of a bone-patellar tendon-bone autograft through the 
tibial tunnel toward the femoral tunnel (left) 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, 

Georgoulis AD.  Anatomic 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)
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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 

a b

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)
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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:

	(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)

	(b).	 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

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]

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)
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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 
I injuries have minimal instability (either varus or 
rotational instability of 0–5 mm or 0–5°), grade II 
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 

mailto:aleal@espregueira.com
mailto:aleal@dem.uminho.pt
mailto:pflores@dem.uminho.pt
mailto:fsamuel@dem.uminho.pt
mailto:fsamuel@dem.uminho.pt
mailto:arend001@umn.edu
mailto:philippe.neyret@chu-lyon.fr
mailto:jem@espregueira.com


178

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 

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. 16.1  Patellofemoral 
joint structure – adapted 
from [3]
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Fig. 16.2  Representation 
of the increasing of the 
patellar tendon moment  
arm [6]
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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].

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 

Flexion

a b

Medial
translation

Lateral
translation

“Tilt”
patellar
rotation “Spin”

Internal
rotation

c

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 

external rotation (also designated “spin”), on the coronal 
plane; (c) flexion and extension, on the sagittal plane – 
adapted from [7]
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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 syndrome) and patellofemoral instability are 
the most common pathologies directly related to 
this joint. Four major risk factors were defined by 
Henri Dejour et al., in 1994, in order to character-
ize instability in patellofemoral problems [12]. 
The patellofemoral instability can be subdivided 
into different grades: firstly as potential instabil-
ity, when it encompasses patellar subluxation; 
then objective instability, at least one episode of 
patellar dislocation has occurred; and designation 
of recurrent instability is applied when the patient 
has two or more episodes of dislocations, but 
there is no consensus on the terminology used 
worldwide [1, 4, 11, 13–20].

These pathologies often result from anatomi-
cal and biomechanical factors related to osseous 
and soft tissue abnormalities. In this line, four 
osseous abnormalities can be directly linked to 
the classical risk factors designated by the Lyon 
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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]
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School, as described in Table 16.1. Additionally, 
other factors related to soft tissue deficiencies 
can lead to instability of the patellofemoral joint, 
whose correlation and prevalence on patellofem-
oral problems have been studied: a torn MPFL, 
once is the most important medial stabilizer of 
the patella against the lateral translation; a weak-
ened VMO that may result in significant decrease 

on the dynamic stabilization of the patella; an 
excessive femoral anteversion, which externally 
rotates the tibia and results in an increased quad-
riceps angle; an excessive tibial external rota-
tion, which leads to a more lateralized position 
of the tibial tubercle, also increasing the quadri-
ceps angle; a longer patellar tendon, increasing 
patellar height; as well as the patellar shape 
Wiberg type C – which has the facets more later-
ally than medially developed (medial hypopla-
sia), due to increased lateral stress, in association 
with tilt and trochlear dysplasia, affecting the 
articular congruency [5, 11–14, 17, 21].

16.3	 �Epidemiology

Regarding the epidemiological aspects, patello-
femoral problems constitute one of the most 
common knee complaints and are more frequent 
among adolescents and young adults  – which 
represent the most active population group 
representing a significant long-term socioeco-
nomic burden. Usually, patellofemoral com-
plaints are related to anterior knee pain, which 
make up about 20–40% of the total knee injuries, 
affecting up to one third of the young population. 
Women are known to have higher incidence and 
severity of the patellofemoral problems. In this 
sense, gender-specific, sociological, anatomical, 

Table 16.1  Lyon School classic risk factors for patello-
femoral instability

Risk factor Description

Trochlear
dysplasia

Classification (Fig. 16.5)
(a) �Slight trochlear dysplasia with a 

concave groove – trochlear 
morphology preserved with a fairly 
shallow trochlea

(b) �Flat or convex trochlea
(c) �Asymmetry of the trochlear 

facets – lateral facet convex, medial 
facet hypoplastic

(d) �Asymmetry of the trochlea 
facets – vertical joint and cliff pattern

Tilt >20° Excessive passive patellar external tilt, 
usually above 20° (Fig. 16.6a), due to 
quadriceps dysplasia

TT-TG 
≥20 mm

Excessive distance between the tibial 
tubercle (TT) and the trochlear groove 
(TG), usually above 20 mm (Fig. 
16.6b)

Patella alta High ratio of the patellar tendon length 
(LT) by the patella length (LP): LT/LP 
> 1.2 (Fig. 16.6c)

a

b

c

d

Fig. 16.5  Classification of trochlear dysplasia [16]
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and physiological factors might be contributing: 
abused high-heel wear and sitting with adducted 
legs, increased pelvic width and consequent 
excessive lateral pressure on the patella, and lev-
els of estrogen. Both the athletic and nonathletic 
populations are propitious to this kind of pathol-
ogy, although it is more common in the first one 
[3, 5, 12, 14, 19, 20].

Most recent studies state that, compared to 
multisport athletes, young females with early 
sport specialization represent a cohort with 
higher risk of anterior knee pain disorders, 
including patellofemoral pain, Osgood-Schlatter, 
and Sinding-Larsen-Johansson. Variations in 
anatomical parameters, such as patellofemoral 
morphology and joint stability, lower limb 
alignment, and musculoskeletal dysplasia, are 
known to have strong influence in the patellofem-
oral problems presented by young football play-
ers. Even at young age, these abnormalities can 
be so disabling that, when predisposed to them, 
football players may never reach the elite level – 
which in extreme cases, might even represent a 
career end. On the other hand, older athletes’ 
injuries are often due to an overuse nature (e.g., 
erosion or breakdown of the articular cartilage of 
the patella). Besides, football players can suffer 
other kinds of injuries as consequence of 
patellofemoral-related abnormalities. Postural 
alterations, such as patellar malalignment, can 
increase the risk of traumaticorthopedic football 

injuries (particularly in women). This may be due 
to the compensatory deviations imposed to the 
other joints once the muscles are integrated with 
each other. Previous studies also identified other 
extrinsic (body movement, environmental condi-
tions, shoe-surface interface, player position, and 
skill level) and intrinsic (joint laxity, limb align-
ment, notch dimensions, and ligament size) fac-
tors as possible causes to a higher rate of ACL 
injuries in female collegiate sports (basketball 
and football), compared to male [22–26].

16.4	 �Diagnosis

A comprehensive and accurate clinical history 
description plays a crucial role in the patellofem-
oral diagnostic process. Patients describe patel-
lofemoral pain in different ways, usually trying to 
illustrate a deep anterior knee pain. Characteristic 
patellofemoral pain is felt, for instance, during 
prolonged knee flexed positions (while driving in 
long journeys) and when climbing or descending 
stairs. If the pain is more intense while exercising 
or afterward or if gets worse toward the evening, 
most probably it would be a biomechanical cause. 
Therefore, several important questions must be 
asked when evaluating a patient with anterior 
knee complaints: location, duration, and timing 
of symptoms; past clinical history; professional 
occupation; sports general; and specific history, 

a b c

M
L

Tilt (*)

TT TG

Fig. 16.6  Measurements in classic patellar instability 
risk factors: (a) patellar tilt, angle formed by lines joining 
the major transversal axis of the patella and the posterior 
femoral condyles [17]; (b) measurement of the true rela-

tionship of the tibial tubercle, TT, to the trochlear groove, 
TG, using the TT-TG distance [18]; (c) lateral radiograph 
of the knee shows the lines corresponding to patellar 
height ratio measurement [18]
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among other specifications that will contribute to 
the analysis of previous events or complications 
that could be contributing to the patellofemoral 
complaints [13, 25].

Following the anamnesis, the physical exami-
nation of the joint is warranted. Nonetheless, 
there still exists inconsistencies on this topic due 
to lack of standardization. The exam is depen-
dent on the clinician experience and beliefs. 
While assessing the patellofemoral joint, the cli-
nician should focus the motion patterns described 
in Fig. 16.3, taking also into account other bio-
mechanical and functional essential features: 

tight lateral retinaculum and iliotibial band, 
weak VMO, poor quadriceps control or endur-
ance, abnormal hip rotation (version), excessive 
foot pronation, and limited flexibility of quadri-
ceps, hamstrings, or gastrocnemius. Usually, 
assessment procedures may follow as described 
in Table 16.2. A wide range of outcome mea-
sures, scores, scales, and indexes are available in 
the literature to assess the patellofemoral joint. 
The sensitivity and specificity as well as the reli-
ability and validity of these diagnostic and out-
come assessment tools still remain unclear. In 
general, the majority of these tests are more use-

Table 16.2  Physical examination tests for patellofemoral joint evaluation

Test designation(s) Test procedures Indication(s) for diagnosis

Alignment of lower limb and extensor mechanism – Anthropometry

Patella alignment Observe the patient standing with the feet 
together, facing forward

Normal: patella face directly forward
PF pain cases: patella squint or face inward, 
toward each other

Q angle Measure the angle between
– A line from the anterior superior iliac spine 
to the center of the patella
– A line from the center of the tibial tubercle 
to the center of the patella

Normal: 15°

Foot posture Examine the feet for evidence of 
overpronation or loss of medial longitudinal 
arch

Preexisting malalignments can be enhanced 
by the internal lower limb rotation, derived 
from foot deformity

Tubercle sulcus 
angle

Observe while the patient is in seated position Normal: ≈80° males, ≈50° females

Dynamic patella 
tracking

Observe the patient in seated position during 
extension from 90° to full extension

Normal: patella moves proximally with slight 
lateral deviation at terminal extension
PFI: greater lateral deviation

Palpation – Manual testing

Prominence of 
VMO

Examine the VMO carefully, during the lower 
limb inspection

Asymmetry = atrophy (disease)
Bilateral lack = dysplasia of the quadriceps 
mechanism

Patella glide Push the patella, passively, medially, and 
laterally

Normal: maximum displacement is 10 mm in 
both directions
PFI: higher risk related to hypermobility

Patella tilt Lift the lateral facet of the patella from the 
femoral lateral condyle

Excessive lateral patellar syndrome is referred 
when pain in the lateral patellar facet and 
tenderness of the MPFL are observed

Apprehension test While the patient is relaxed in supine 
position, with full extended knee, the clinician 
pushes the patella laterally as the knee is 
flexing over the side of the table

The patient with subluxation or recent 
dislocation will show apprehension and 
guarding

Crepitation Palpate the patella while the patient climbs on 
a small step/degree

Crepitus is palpable and can be audible in 
cases of articular surface breakdown (patella 
or femoral trochlea)

Tenderness Palpate the patellar facets, after passively 
subluxated medially and laterally, in full 
extension

MPFL and LPFL will be tense and can be 
palpated allowing the evaluation of tenderness
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ful for qualitative assessment, lacking objective 
quantitative measurement. Furthermore, poor 
interobserver reliability is reported, maybe due 
to the differences in the examination methods 
around the world. There is no supported accu-
racy and validity for the existent methods, and, 
until now, none is suitable for standard universal 
application [13, 16, 27–30].

Imaging is usually the last step in diagnosis, 
being performed by means of standard radio-
graphs, computed tomography (CT) scan, and 
magnetic resonance imaging (MRI). The pur-
pose of imaging is essentially to detect osteoar-
ticular morphological changes such as 
degenerative arthritis or osteochondritis disse-
cans of the patellofemoral joint. In addition, 
other imaging features are important in the diag-
nosis: soft tissue integrity, loose bodies or other 
fracture fragments following an episode of 
patellar instability, rule out other bony pathol-
ogy, and supplement the clinical assessment of 
patellar alignment [31–33].

There is lack of correlation between the three 
diagnosis phases. Consequently, many cases are 
still being misdiagnosed. Current evaluation 
tools fail in predictive and indicative value of 
additional health complications and therapeutic 
or preventive strategies, which often results in 
unnecessary and/or inappropriate interventions: 
(i) surgery instead of applying a conservative 

physical rehabilitation or opposing to the previ-
ous and (ii) surgical procedures not addressing 
critical problems (e.g., MPFL insufficiency) [3, 
15–17, 19, 20].

A standardized appropriate diagnosis, apply-
ing a dynamic, anatomic, and functional 
assessment, with an objective, reliable, and 
reproducible methodology, that could better 
indicate the most suitable treatment to address 
the patient’s deficits is the next step and should 
be expected at the clinical practice in the near 
future. Recently some research work has been 
developed in order to accomplish these goals, by 
means of an instrumented evaluation of the patel-
lofemoral joint. The device should ideally allow 
the stress test mimicking lesions’ motion pat-
terns. The correlation of force-displacement val-
ues resulted from stress testing (Fig. 16.7) to the 
ones obtained by traditional methods may give us 
the potential to better understand the role of soft 
tissue restraints on the patella. Information 
obtained can also be correlated with subjective 
outcomes (scores, demographic and historical 
data) as well as with objective findings from clas-
sic imaging measurements. From this correlation, 
objective criteria for diagnosis and treatment 
standard algorithms can be established. Besides 
the scientific contribution for further research 
and applications on this topic, it can represent a 
breakthrough in clinical practice [34].

a b c

Fig. 16.7  MR images of the patellofemoral joint stress 
testing through instrumented assessment: (a) patellar neu-
tral position without loading; (b) patellar lateral transla-

tion under loading; (c) patellar external tilt under loading, 
in axial view
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16.5	 �Management of the Injury 
and Treatment

Treatment should be progression-based and 
patient-tailored, respecting the patients’ limita-
tions and should address the anatomic and 
functional etiologic factors. Conservative treat-
ment options available should be enough and 
considered as first line treatment in the patello-
femoral problems. Even though, it is reported 
that among 60% of the rehabilitated patients 
experience recurrent instability. In these cases, 
many surgical interventions could be advocated 
to address the specific problem: repair or recon-
struction of the medial retinaculum and MPFL, 
medialization of the tibial tubercle, and lateral 
release procedures – however remaining the lack 
of consensus on threshold definition and need of 
all factors (Lyon School classics) and need for 
surgical correction of all classic factors (Lyon 
School). Although operative management 
appears to result in a lower risk of patellar dislo-
cation recurrence, it is associated with a higher 
risk of patellofemoral joint osteoarthritis. 
Nonetheless, there is insufficient evidence in this 
topic, and the current literature claims “powered 
randomized, multicentre-controlled trials con-
ducted and reported to contemporary standards” 
in order to enhance the understanding on injury 
management [18, 20, 35–40].

Despite the high pressure imposed to the foot-
ball players and everyone involved in the success 
of their rehabilitation, it should not push clini-
cians to opt for more aggressive therapeutic alter-
natives, in order to accelerate the return to sports. 
Patients with patellar instability due to significant 
dysplasia of the quadriceps mechanism will 
probably not compete at elite level, once they 
would be recurrently lesioned and consequently 
unable to play. Furthermore, players requiring a 
surgery may not be able to return to football even 
after successful surgical treatment, especially to 
the pre-injured level which might be due extensor 
mechanism dysfunction. On the other hand, 
patients with normal extensor mechanisms who 
experience patellar dislocation following specific 
acute trauma might be able to return to play after 

surgical repair. The first patellar dislocation con-
servative treatment and/or the postsurgical reha-
bilitation should be goal-based progression and 
can be divided into five phases that may help to 
plan the treatment approaches (Table 16.3); in 
addition, some useful tips can be pointed out. 
Nevertheless, it should always be borne in mind 
that this program is not strict and should be tai-
lored to the individual’s needs/deficits [16, 17, 
39–42].
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17.1	 �Introduction

Osteochondritis dissecans (OCD) of the knee is a 
frequent cause of pain and functional limitation 
among skeletally immature and young athletes. 
Chronic overuse of the lower extremity in young 
football players can cause OCD at the knee and 
ankle joints; furthermore, with increased competi-
tiveness of amateur sports, more injuries may cause 
OCD. Increased joint stress, such as an increased 
pressure at the medial femoral condyle in young 
patients with genu varum, might cause decreased 
blood flow and trigger the development of OCD.

If not recognized and appropriately treated, it 
can create further limitation and lead to early 
osteoarthritis. OCD is a disorder of one or more 
ossification centers, characterized by sequential 
degeneration or aseptic necrosis and recalcifica-
tion. OCD lesions involve both bone and cartilage 
but appear to affect the subchondral bone primar-
ily and secondarily affect the articular cartilage.

17.2	 �Etiology and Epidemiology

The etiology of OCD remains controversial; it 
was first described by Ambroise Paré and was 
named by Franz König in 1888 as a knee sub-
chondral inflammatory process resulting in a 
loose fragment of cartilage from the femoral con-
dyle; the term “dissecans” came from the Latin 
word dissico that means “to separate” [30].

Incidence of OCD has been stated to be 
between 0.02% and 0.03% on radiographs and 
1.2% on arthroscopy [38]. Linden [31] stated the 
incidence of osteochondritis dissecans (OCD) in 
Sweden to be between 15 and 21 cases per 
100,000. It occurs in patients aged 10–15 years, 
with a male-to-female ratio of 2:1, and occurs 
bilaterally in 15–30% [27].

The pathogenesis of OCD is still controver-
sial: various theories have been proposed 
throughout the years but no theory is markedly 
superior over the other.

Theories can be divided into three major 
groups: genetic, vascular, and traumatic.

There has been genetic variation demonstrated 
in cases of OCD, and subgroups of epiphyseal 
dysplasia are associated with specific inheritance 
patterns.

OCD has been found with a variety of inherited 
conditions, including dwarfism, tibia vara, Legg-
Calvé-Perthes disease, and Stickler syndrome  
[17, 32, 34, 42, 43], and there is a familial predis-
position to the occurrence of OCD in other joints.

With improved techniques and decreasing costs 
for genetic studies, the number of genome-wide 
association studies (GWAS) and single-nucleotide 
polymorphism (SNP) studies is increasing. A 
mutation in the gene COL24A1, since it is known 
to regulate fibril diameter during fibrillogenesis, or 
a mutation in the signaling pathway mediated by 
PTH1R makes these genes a strong candidate in 
the onset and progression of OCD [5].

Other authors [10, 11, 23] have suggested a 
vascular etiology with the occurrence of a vas-
cular event such as embolism, thrombosis, or 
venous stasis which can cause a secondary osteo-
necrosis; however, others [36] have demonstrated 
that the presence of an abundant vascularization 
does not end at the femoral epiphysis, which has 
refuted the vascular etiology hypothesis.

The traumatic etiology [14, 16, 18] is by far the 
oldest and the most well established and is based 
on the clinical history of previous trauma, predomi-
nantly affecting men, and the probability of repro-
ducing similar lesions in the other parts of the body.

According to the theory of repeated micro-
trauma, as described by Fairbank [12] and vali-
dated by Smillie in the 1950s [41], the OCD is 
caused by contact of a hypertrophied tibial 
spine on the medial femoral condyle. This the-
ory, despite being the most credited, does not 
allow an explanation of the localization of the 
disease in different locations of the knee. 
Repetitive microtrauma may be associated with 
vascular insufficiency, and other inherited fac-
tors are still under investigation. The exact 
prevalence of OCD is unknown; however, there 
is a male prevalence that can also be related to 
the number of male children practicing contact 
sports like football; most of the lesions are 
located in the posterolateral part of the medial 
femoral condyle.

17.3	 �OCD Classification

There are several types of classifications of OCD 
that are based upon:
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1. Age of onset of the disease
2. Radiographic localization
3. Patho-anatomy
4. Arthroscopic evaluation

17.3.1	 �Age of Onset

Smillie [41] distinguished two forms of OCD, 
juvenile and adult, and suggested unique etiolo-
gies. The juvenile form OCD was supposed to be 
related to a disturbance of the epiphyseal develop-
ment, while in the adult, a more direct traumatic 
causation was supposed; furthermore, the juvenile 
OCD lesions with an intact articular surface have 
better potential to heal if compared to adult 
OCD. However, the essential lesion is an injury of 
the subchondral plate resulting in destabilization of 
articular cartilage with loss of articular integrity.

Other authors [7] suggested a distinction 
based on the osseous age of the patient at the time 
of symptom onset: juvenile osteochondritis dis-
secans, which affects patients with open growth 
of cartilage, in a general age group between 10 
and 16 years, and OCD in adults, when the carti-
lage physes are closed.

17.3.2	 �Radiographic Localization

The location of OCD can be defined topographi-
cally on standard radiographic projections of the 
knee [7]. On anteroposterior radiographs, the site 
of pathology in the coronal plane can be localized 
using a scale from 1–5, while on lateral radio-
graphs, three areas are located (A, B, and C) 
divided between them by Blumensaat line and a 
midline posterior cortical from behind.

17.3.3	 �Anatomo-pathological 
Classification

Proposed by Conway and subsequently amended 
by Guhl [24], this classification, which was use-
ful in the past to address the type of treatment, 
takes into account the anatomical characteristics 
of the lesion and is subdivided into five stages:

•	 Stage 1: Lesion evident at radiography, com-
puted tomography (CT), or magnetic ressonance 

imaging (MRI), with the presence of a sclerotic 
line, reduced cartilage intact and only in some 
cases slightly soften but only in some points

•	 Stages 2–3: Not intact cartilage, with the pres-
ence of fissures and fragments in situ or par-
tially detached

•	 Stage 4: Complete detachment but normal 
joint

•	 Stage 5: The fragment is displaced and there 
are phenomena of degenerative cartilage 
damage

17.3.4	 �Classification by Arthroscopy

Recently, the Board of the International Cartilage 
Repair Society (ICRS) defined a classification of 
OCD arthroscopy in four stages:

•	 Stage 1: Stable lesion with a continuous but 
softened area covered by intact articular 
cartilage

•	 Stage 2: Lesion with partial articular cartilage 
discontinuity but stable when probed

•	 Stage 3: Lesion with an unstable but not dislo-
cated fragment “dead in situ”

•	 Stage 4: Empty defect with a dislocated frag-
ment (loose body)

17.4	 �Clinical Evaluation

Juveniles and adolescents will complain of vague, 
nonspecific poorly localized anterior knee pain 
with variable intermittent amount of swelling, 
locking of the knee, grinding, or catching; pain is 
aggravated by activity and relieved by rest [9]. 
While others may be asymptomatic, a high level 
of suspicion should be exhibited with these types 
of symptoms. Symptoms are usually preceded by 
trauma in 40–60% of the cases [18, 31]. Others 
may present with Wilson’s sign [49] which is per-
formed by flexing the knee to 90° and then slowly 
internally rotating the leg and extending it. 
Patients will complain of pain at 30° of flexion 
and the pain is relieved by external rotation. Pain 
is exhibited because the tibial spine impinges on 
the medial femoral condyle. The test is not con-
sistently reliable and has been shown to have an 
accuracy of only 70% [38, 39].
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17.5	 �Radiographic Evaluation

The radiographic examination of a patient sus-
pected to have OCD should always begin with 
plain radiographs. Standard request should be an 
anteroposterior, lateral, notch, and Merchant view 
of the knee. Notch view is specifically recom-
mended because it demonstrates the most common 
areas for the occurrence of OCD and it increases 
the percentage of detection. Classic findings of 
OCD on plain film are a well-circumscribed area of 
subchondral bone separated by a crescent-shaped 
sclerotic radiolucent outline of the OCD fragment 
[14, 39]. In pediatric patients and adolescents, con-
tralateral views should be requested to avoid confu-
sion with the growth plates. Plain radiographs, 
however, are not ideal to assess the stability of the 
lesion or to examine the status of overlying carti-
lage; hence, additional diagnostic procedures may 
be necessary for us to treat these lesions.

For differentiating medial and lateral lesions 
and growth plate maturity, and for measuring 
condylar width and lesion size, plain radiographs 
have excellent reliability. Additionally, to evalu-
ate lesion fragmentation, displacement, periph-
eral boundaries, central radiodensity, and 
contour, moderate to substantial reliability has 
been reported using plain radiographs. For eval-
uating the radiodensity of the lesion rim and sur-
rounding epiphyseal bone, plain radiographs 
were reported to have poor to fair reliability [46].

17.5.1	 �CT Scan

The use of the CT scan has fallen out of favor 
since the advent of the MRI since the MRI gives 
a more detailed picture of the disease entity. CT 
scan is helpful in determining lesion size and 
loose bodies but is rarely used nowadays as part 
of the treatment strategy.

17.5.2	 �Scintigraphy

Technetium bone scans have been previously 
used to localize the lesion of a specific joint 
and follow the progression of healing in juve-
nile patients. Unable to provide for the status 
of cartilage, these have given way to the advent 

of the MRI. Some authors have proposed serial 
bone scanning of juvenile patients, however, this 
approach has not been widely adopted due to the 
time require for this study, invas venous access, 
and the risk of introducing a radioactive isotope.

17.5.3	 �Magnetic Resonance Imaging

MRI has been superior in providing valuable infor-
mation as compared to other diagnostic procedures. 
It generally gives us the dimensions of the lesion as 
well as the status of cartilage and subchondral 
bone. The most appropriate MRI protocols for 
evaluating OCD lesions are fast spin echo (FSE), 
proton density, and T2-weighted image [39].

There is consensus on advising two sequences: 
FSE T2-weighted sequence and the 3D GRE 
T1-weighted sequence. In the FSE T2-weighted 
sequence, effusion, bone edema, and alteration of 
the cartilage surface are better evaluated, and in the 
3D GRE T1-weighted sequence, alterations in car-
tilage thickness are better evaluated, and this 
sequence provides better information on the sub-
chondral bone [26].

MRI techniques such as the delayed 
gadolinium-enhanced MRI of cartilage 
(dGEMRIC) and T2 relaxation time mapping 
have been available recently, providing the 
ability of the glycosaminoglycan content visu-
alization, the measurement of collagen con-
tent, and the mapping of anatomical zones of 
cartilage. Arthrography with gadolinium has 
been shown to have exceptional capability in 
determining the status of articular cartilage 
using gradient echo techniques [1].

17.6	 �Treatment

The advent of arthroscopy has outright revolution-
ized the treatment of OCD.  Using standard 
arthroscopic portals and techniques, surgeons are 
now visualizing lesions previously missed on stan-
dard diagnostic procedures. Open techniques have 
not fallen out of favor and are still utilized for 
lesions requiring greater exposure and visualiza-
tion. Treatment options largely depend on age of 
the patient, lesion size, and stability. It is recom-
mended that unstable lesions be treated surgically.
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17.7	 �Nonoperative Treatment

Nonoperative treatment is still employed in a 
select group of patients with OCD. The goal of 
nonsurgical treatment is to promote healing of 
lesions in situ and prevent lesion displacement. 
Skeletally immature patients usually have a bet-
ter prognosis. Lesions on weight-bearing sur-
faces and those that are greater than 1 cm2 in size 
have been shown to have less successful out-
comes [8, 18, 24, 29]. Symptomatic lesions in 
children, or skeletally immature patients, should 
initially be treated with conservative measures 
for 3 months, if there are no loose bodies upon 
radiographic examination [40]. The mainstay of 
nonsurgical treatment has been cessation of ath-
letic activity and lifestyle modification. This is 
done for a period of 3–6 months with an initial 
6–8  weeks of non-weight bearing and daily 
range of motion exercises. If at the sixth month, 
there are no signs of radiographic healing, then 
operative treatment should be considered [31, 
34]. A healing rate of 50–94% has been noted 
with nonoperative treatment [4, 19, 31]. By con-
trast, adult OCD of the knee rarely responds to 
conservative measures [40].

Criteria described by De Smet [30] to evaluate 
healing after conservative treatment are based on 
T2-weighted MRI studies:

(i) A line of high signal intensity at least 5 mm 
in length between the OCD lesion and underlying 
bone

(ii) An area of increased homogeneous signal, 
at least 5 mm in diameter, beneath the lesion

(iii) A focal defect of 5  mm or more in the 
articular surface

(iv) A high signal line traversing the subchon-
dral plate into the lesion

Of these signs, the high signal line behind the 
fragment is known to be the most predictive [40].

17.8	 �Operative Treatment

17.8.1	 �Excision of Fragments

Previously considered the most common 
treatments for these lesions, excision has fallen 
out of favor due to the dismal long-term results in 
juvenile and adult patients [15, 32, 45, 50]. 

Debridement and curretage of the lesion bed has 
shown to improve the results in juvenile patients 
[2, 16].

17.8.2	 �Arthroscopic Drilling

Considered as one of the first surgical treatments 
for OCD, either arthroscopic or open drilling is 
still one of the most common treatment methods 
for OCD. The rationale behind this procedure is 
that the OCD is treated as a fracture nonunion, 
and by penetrating the subchondral bone, it will 
instigate an inflammatory healing cascade, cre-
ating channels for subsequent revascularization 
[8]. This is a common treatment in juveniles who 
have failed a trial of conservative management 
[35, 47]. Drilling can be done in an antegrade or 
retrograde fashion, the former being more tech-
nically challenging in trying to center the drill 
and gaining the right depth over the lesion; the 
latter is easier to perform but violates the conti-
nuity of the articular cartilage. Anderson noted a 
90% healing potential in the skeletally immature 
group, while the skeletally mature group had a 
50% healing potential [4]. This technique is gen-
erally reserved for ICRS stage 1 lesions.

17.8.3	 �Open Reduction 
of the Fragment

Reduction and stabilization of the OCD fragment 
can be done with a multitude of devices such as K 
wires, variable pitch screws, cannulated screws, 
bioabsorbable pins, tack nails, and screws. This 
should be reserved for lesions less than 2  cm2. 
Anderson et al. reported that long-term results for 
large lesions are poor and there is increased risk 
of developing early-onset arthritis [3].

Thorough evaluation of the underlying sub-
chondral bone should be performed and assess-
ment of stability done if the lesion is amenable 
to in situ fixation. Lesions with little anchoring 
to the base usually have abundant scar tissue, 
which needs to be debrided prior to reduction 
and fixation of the fragment. Drilling or micro-
fracture can be employed to stimulate the heal-
ing potential prior to reduction. In cases of 
fragment mismatch during reduction, bone 
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grafting can be employed. This can be taken 
from the proximal tibia or the intercondylar 
notch of the femur.

A multitude of fixation materials can be used 
each with its own advantages and disadvantages. 
Currently, there is a great deal of controversy as 
to which implant to choose. Pins and K wires 
can achieve multiple points of fixation with less 
risk of an iatrogenic fracture to the fragment; the 
disadvantage is that they provide no compres-
sion and usually loosen which eventually 
requires removal. The advent of biomaterials has 
revolutionized the way in which fragments are 
fixated. The concept of having to put an implant 
that could provide compression and be absorbed 
by the body was novel, but it was not without 
problems. Postoperative complications ranged 
from inflammatory reactions with effusion, to 
loose bodies secondary to failure of implant 
resorption [6, 16].

17.8.4	 �Osteochondral Grafting

Transplanting of either autografts or allografts to 
the OCD defect has the advantage of providing 
hyaline cartilage, providing a biomechanically 
stronger and more resilient tissue. Osteochondral 
autograft transfer (OAT) is used for lesions 
smaller than 2 cm2. It is a single-step procedure 
which can be done arthroscopically or as a mini-
open procedure. This entails harvest of cylindri-
cal plugs from the non-weight-bearing aspect of 
the notch of the medial trochlear ridge, where 
either single or multiple plugs are harvested and 
transferred back to the defect. OAT can be a tech-
nically demanding procedure, and any mismatch 
in articular surface can cause an increase in con-
tact pressures and shear forces. Wu et al. showed 
that plugs that are 1  mm prominent caused an 
increase in contact pressures and shear, while a 
0.25-mm recess decreased pressure by 50% [51]. 
This is also limited by the amount of graft a donor 
site can give, creating a situation such as “rob-
bing from Peter to pay Paul.”

Fresh osteochondral allograft is designed to 
treat larger lesions (>2–3 cm2). This could be done 
in either a press-fit plug technique or a shell graft 
technique. Advantages are the flexibility of sizing 

the grafts, the ability to use a single plug for 
a  defect, and the lack of donor site morbidity. 
The  disadvantages include reduced viability of 
the graft due to storing and processing, immuno-
genicity, transmission of diseases, and availability 
of the grafts (not available in many countries 
worldwide).

Autogenous bone has been shown to be a cost-
effective and readily available matrix for large 
volume osteochondral defects. The autogenous 
nature removes the risk of complications of the 
allograft surgery while resulting in long-lasting 
biological solution for both the bone and the car-
tilage. Treatment for large-volume defects by this 
method remains salvage in nature and palliative 
in outcome [28].

17.8.5	 �First-Generation Autologous 
Chondrocyte Implantation 
(ACI)

In lesions larger than 2–3 cm2, the transplantation 
of autologous chondrocytes can now be consid-
ered the technique of choice. In results reported 
by Peterson et al. [33], after a follow-up period of 
10 years, outcomes of OCD treatment were good 
in 89%, with significant improvement in symp-
toms demonstrated in 88% of cases. They showed 
that autologous chondrocyte implantation (ACI) 
produced an integrated repair tissue with suc-
cessful clinical results. In the experience of 
Peterson, a pioneer of ACI treatment, clinical 
results of treating OCD lesions, and particularly 
isolated lesions affecting the medial femoral con-
dyle, have been excellent using this method.

In the first phase of his experience, Peterson 
performed the simple transplantation of chondro-
cytes in suspension. Successively he has per-
fected his technique for treating OCD lesions 
deeper than 10  mm involving significant sub-
chondral bone loss with his “sandwich technique” 
in which cancellous bone is used to fill the defect 
and closed with a periosteal flap; the grafted 
chondrocytes are then suspended in between the 
first periosteal flap overlying the bone graft and a 
second flap secured superficial to this.

The recent introduction of tissue bioengineer-
ing tissues with chondrocytes seeded on the 
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scaffold represents another possibility to fill the 
lesion; however, when the lesion is deep, it’s nec-
essary to reconstitute bone loss at the base of the 
lesion prior to application of the scaffold designed 
to restore the cartilage layer.

17.8.6	 �Second-Generation ACI

Since being introduced in 1987, the cell-based 
approach has gained increasing acceptance, and 
recent studies highlight the long-term durable 
nature of this form of treatment due to the pro-
duction of hyaline-like cartilage that is mechani-
cally and functionally stable and integrates into 
the adjacent articular surface. However, these 
good results have to be weighed against the num-
ber of problems that can be observed with the 
standard ACI methods. First-generation ACI has 
been associated with several limitations related to 
the complexity and morbidity of the surgical pro-
cedure. This technique requires a large joint 
exposure with a high risk of joint stiffness and 
arthrofibrosis. Moreover, there is a frequent 
occurrence of periosteal hypertrophy that often 
requires revision surgery. To these problems 
related to the surgical procedure, we must add the 
technical problems of the culture and trans
plantation procedure, such as maintenance of 
chondrocyte phenotype, nonhomogeneous cell 
distribution in the three-dimensional (3D) spaces 
of the defect, and cell loss using liquid 
suspension.

Taking into consideration all these factors, a 
new generation procedure for cartilage trans-
plantation was developed. The so-called matrix-
assisted ACI technique uses a new tissue 
engineering technology to create a cartilage-like 
tissue in a three-dimensional culture system 
with the attempt to address all the concerns 
related to the cell culture and the surgical tech-
nique. Essentially, the concept is based on the 
use of biodegradable polymers as temporary 
scaffolds for the in vitro growth of living cells 
and their subsequent transplantation onto the 
defect site. On the basis of published results, the 
matrix-assisted chondrocyte implantation guar-
antees results comparable to, or superior than, 
the traditional ACI technique and simplifies the 

procedure with marked advantages from a bio-
logical and surgical point of view.

Our experience with the treatment of OCD 
through the implant of a bioengineered tissue 
regards a scaffold entirely based on the benzylic 
ester of hyaluronic acid (Hyalofast, Anika 
Therapeutics, Padova, Italy). It consists of a net-
work of 20-μm-thick fibers with interstices of 
variable sizes, which has been demonstrated to 
be an optimal physical support to allow cell-cell 
contacts, cluster formation, and extracellular 
matrix deposition (Fig. 17.1).

The cells harvested from the patient are 
expanded and then seeded onto the scaffold to 
create the tissue-engineered product Hyalograft 
C. Seeded on the scaffold, the cells are able to 
re-differentiate and to retain a chondrocyte phe-
notype even after a long period of in vitro expan-
sion in monolayer culture. The efficacy of the 
cell-scaffold construct was also proven by in vivo 
implantation in an animal model. This 3D scaf-
fold for autologous chondrocyte culture can 
improve the biological performance of autolo-
gous cells and overcome some of the difficulties 
of the ACI surgical technique. Hyalograft C con-
structs can be implanted by press-fitting directly 
into the lesion, thus avoiding suturing to sur-
rounding cartilage and obviating the need for a 
periosteal flap, thereby also avoiding the possi-
bility of periosteal hypertrophy. Moreover, the 
features of this device have permitted the devel-
opment of an arthroscopic surgical technique, 
reducing patient morbidity, surgical and recovery 
time, and complications related to open surgery 
(Figs. 17.2 and 17.3).

Fig. 17.1  Hyaluronic acid-based scaffold (Hyalofast, 
Anika Therapeutics, Padova, Italy)

17  Osteochondritis Dissecans of the Knee in Football Players



196

a b

c d

Fig. 17.2  (a) Grade IV chondral lesion of a knee medial 
femoral condyle; (b) clot-activated bone marrow aspirate 
concentrate (BMAC); (c) Implantation of BMAC-embedded 

hyaluronic acid-based scaffold (HA-BMAC) into cartilage 
defect, placed over clot-activated BMAC; (d) HA-BMAC 
graft secured with 6-0 PDS suture and fibrin glue

Fig. 17.3  Arthroscopic implantation of hyaluronic acid-
based scaffold embedded with bone marrow aspirate concen-
trate (HA-BMAC) into a prepared patellar chondral defect

more than 50 patients. We believe that surgical 
goals should always try to reestablish the joint 
surface in the most anatomical way possible. In 
fact, as underlined by Linden [31] in a long-term 
retrospective outcome study (average follow-up 
of 33 years) of patients with OCD of the femoral 
condyle, the natural history of this osteochondral 
joint pathology is an earlier degeneration process 
[31]. Patients with adult OCD showed radio-
graphically to develop arthritis about 10 years 
earlier in life than primary gonarthrosis.

The use of the autologous bioengineered tissue 
Hyalograft C in OCD lesions presents the problem 
of promoting only cartilage restoration, but not the 
bone regeneration. For this reason, in case of deep 
lesions, we utilized a two-step technique. When 
necessary, second-generation autologous trans-
plantation was preceded by an autologous bone 
grafting, in order to restore the entire osteochon-
dral structure and, therefore, a more anatomical 
articular surface. The first arthroscopic surgical 
step consists of the implant of a bone graft har-

Since 2001, we used this tissue engineering 
approach for the treatment of OCD, and we 
implanted the bioengineered cartilage tissue in 
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vested from the omolateral tibia to fill the bone 
loss. In the same surgical procedure, healthy carti-
lage is harvested from the intercondylar notch for 
the autologous chondrocyte culture expansion. 
The second surgical procedure is performed 
4–6 months later, after the integration of the autol-
ogous bone graft is achieved, and consists of the 
second-generation arthroscopic autologous chon-
drocyte transplantation according to the technique 
described by Marcacci et al.

We have reviewed the patients with a minimum 
follow-up of 3  years. A total of 38 OCD of the 
knee was treated and evaluated at a mean follow-
up of 4  years. The mean age were 21.2  years 
(range 15–46), 84 % of patients was active and 
practiced sports at least at nonprofessional level, 
and 42% underwent previous surgery. The most 
common location of the lesion was the medial 
femoral condyle (76%) and the mean size was 
2.9 cm2 (range 1.5–4 cm2). The mean number of 
Hyalograft C patches used was 2.8 (range 1–4), 
and in 62% of the cases, the additional bone graft 
step was required to restore the articular surface. 
The results were evaluated with the ICRS-IKDC 
2000 and the Tegner scores. No complications 
related to the Hyalograft C implant and no serious 
adverse events were observed during the treatment 
and follow-up period.

ICRS and Tegner scores showed an overall sat-
isfactory clinical outcome. At a mean follow-up of 
4 years, the average ICRS-IKDC 2000 was 
increased from 41.4 to 74.9 in cases of OCD of the 
femoral condyle (increase 80. 4%). In cases of 
OCD of the patella, a lower, but still significant, 
improvement was observed: the mean score 
increased from 47 to 68. The Tegner score increased 
from 1.5 preoperatively to 5 at the latest follow-up 
with a significant improvement, even if still lower 
than the previous sport activity level of 6.

Second-look arthroscopy was performed in 
5 cases, and according to ICRS grading crite-
ria, 2 were considered normal, and 3 consid-
ered almost normal.

MRI examination showed a good appearance 
in the anatomical location of the transplant, with 
a concentration of glycosaminoglycans (GAG) 
similar to that of a normal cartilage. In few cases, 
persistent irregularities of the subchondral bone 
and incomplete filling were observed.

17.8.7	 �New Scaffolds

Recently, a biomimetic 3-layer scaffold, com-
posed of type I collagen and nanostructured 
hydroxyapatite, was conceived with the aim of 
confining bone formation to the deepest portion 
of the construct without involving any superficial 
layer where the process of cartilaginous-like con-
nective tissue formation should begin.

Preclinical studies showed good results in 
terms of both cartilage and bone tissue formation, 
and preclinical findings supported the use of the 
scaffold alone, suggesting that osteochondral 
regeneration occurred by harnessing and guiding 
the body’s self-regenerative potential. Thus, this 
cell-free scaffold was introduced into clinical 
practice with promising preliminary results in a 
heterogeneous patient population [13].

The osteochondral (OC) biomimetic scaffold 
(Fin-Ceramica Faenza SpA, Faenza, Italy) has a 
porous 3-D composite trilayered structure, which 
mimics the whole osteochondral anatomy. The 
cartilage-like layer, consisting of type I collagen, 
has a smooth surface. The intermediate layer 
(tidemark-like) consists of a combination of type 
I collagen (60%) and hydroxyapatite (40%), 
whereas the lower layer consists of a mineralized 
blend of type I collagen (30%) and hydroxyapa-
tite (70%) reproducing the subchondral bone 
layer. The final construct was obtained by physi-
cally combining the layers on top of a Mylar 
sheet; the product was then freeze-dried and 
gamma-sterilized at 25 kGy.

A recent study published by Filardo analyzed 
the results in 27 consecutive patients who were 
affected by symptomatic knee OCD of the fem-
oral condyles grade 3 or 4 on the ICRS scale 
and were enrolled and treated with the implan-
tation of this 3-layer collagen-hydroxyapatite 
scaffold [13].

Patients were prospectively evaluated by subjec-
tive and objective International Knee 
Documentation Committee (IKDC) and Tegner 
scores preoperatively and at 1- and 2-year follow-
up. An MRI was also performed at the two follow-
up times. A statistically significant improvement in 
all clinical scores was obtained at 1 year, and a fur-
ther improvement was found the following year. At 
the 2-year follow-up, the IKDC subjective score 
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had increased from 48 preoperatively to 82, the 
IKDC objective evaluation from 40% to 85% of 
normal knees, and the Tegner score from 2.4 to 4.5.

The MRI evaluations showed good defect fill-
ing and implant integration but nonhomogeneous 
regenerated tissue and subchondral bone changes 
in most patients at both follow-up times. No  
correlation between the MOCART (magnetic 
resonance observation of cartilage repair tissue) 
score and clinical outcome was found.

The authors concluded that this biomimetic 
collagen-hydroxyapatite osteochondral scaffold, 
which requires a minimally invasive 1-step and a 
cell-free surgical approach, is a valid treatment 
option for knee OCD and might offer a good clini-
cal outcome at 2-year follow-up, despite some 
postoperative adverse events such as swelling and 
stiffness in some patients; furthermore, less favor-
able findings were obtained with MRI evaluation.

17.8.8	 �Mesenchymal Stem Cells 
(MSCs)

Recent directions in cartilage repair are moving 
toward the possibility of performing one-step sur-
gery: the scaffold-based approach represents a 
fascinating treatment option for osteochondral 
lesions, providing a structural basis for defect 
repair and stimulating the healing processes of 
damaged tissues. In this scenario, cell cultivation 
occupies a controversial role, and the use of cell-
free scaffolds showed good results and avoided 
cell manipulation and its regulatory obstacles; 
several groups are analyzing the possibility of 
using MSCs with chondrogenic potential and 
growth factors (GF), thus avoiding the first sur-
gery for cartilage biopsy and subsequent chondro-
cyte cell cultivation, with a significant reduction 
of the cost of the total procedure. MSCs represent 
an appealing tool for regenerative medicine, 
thanks to their unique characteristics and their 
self-renewal characteristics, their maintenance of 
“stemness” thus their potential for differentiation 
into cells forming multiple mesodermal tissues, 
and finally their trophic and immune-modulatory 
effects. Many authors demonstrated that MSCs 
have a self-renewal capacity and multi-lineage 

differentiation potential and they can be charac-
terized by their cultivation behavior and their dif-
ferentiation potential into adipogenic, osteogenic, 
and chondrogenic cells; therefore, once MSCs are 
cultured in the appropriate microenvironment, 
they can differentiate to chondrocytes and form 
cartilage [25, 44]. In this regard, the use of bone 
marrow aspirate concentrate (BMAC) cells, 
which contain multipotent MSCs and growth fac-
tors, can represent a possible alternative for regen-
erating cartilage tissue.

Recently we published a prospective nonran-
domized study comparing a two-step technique 
(Hyalofast scaffold with cultivated chondrocytes) 
with a single-step technique using the same 
Hyalofast scaffold and BMAC implantation in a 
single-step technique, with no need for culture, 
thereby avoiding the expenditure for an extra proce-
dure to retrieve chondral biopsy, decreasing the total 
costs of the procedure and donor site morbidity [20].

Both groups showed significant improvement 
in all scores, from preoperative to final follow-up 
(P = 0.001), but there was no significant differ-
ence in improvement between the two groups.

MRI showed complete filling of the defects in 
76% of patients treated with MACI, and 81% of 
those treated with the BMAC-embedded scaf-
fold. Histologic analysis consistently revealed 
hyaline-like features of restored cartilage after 
both treatments. We concluded that both tech-
niques are excellent options for the treatment of 
large chondral lesions of the knee, with the 
BMAC technique being the preferrable option 
due to the one-step nature of the procedure.

MSC implantation offers potential advan-
tages, including a single surgery, and no need of 
cartilage biopsy and cell cultivation, thus reduc-
ing the total cost of medical care.

Another recently published study was per-
formed on athletes operated for grade IV carti-
lage lesions of the knee with MSCs covered with 
a Hyalofast membrane (Anika Therapeutics, 
Padova, Italy) [21]. In these patients bone mar-
row was harvested from the ipsilateral iliac crest 
and subjected to concentration and activation 
with Batroxobin solution (Plateltex®act-Plateltex 
SRO, Bratislava, SK) in order to produce a sticky 
clot, which was implanted into the prepared carti-
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lage defect (Fig. 17.2). The patients followed the 
same specific rehabilitation program for a mini-
mum of 6 months. Preoperative average values in 
the evaluated scores were significantly improved 
to final follow-up (p < 0.001). Patients younger 
than 45  years and those with smaller or single 
lesions showed better outcomes. MRI showed 
good stability of the implant and complete filling 
of the defect in 80% of patients, and hyaline-like 
cartilage was found in the histological analysis of 
the biopsied tissue. Second-look arthroscopies in 
seven knees revealed a smooth, newly formed 
intact tissue continuous with the healthy cartilage 
in all the patients; no hypertrophy was identified. 
Four patients consented for a concomitant biopsy 
which was taken from regenerated tissue at the 
site of the treated chondral lesion; good histologi-
cal findings were reported for the four specimens 
analyzed, which presented with many hyaline-
like cartilage features. No adverse reactions or 
postoperative complications were noted.

Clinical outcomes of cartilage repair using 
hyaluronic acid-based scaffold embedded with 
bone marrow aspirate concentrate (HA-BMAC) at 
a medium-term follow-up of 5 years have demon-
strated this technique to be a promising treatment 
option in a wide range of lesion sizes [22]. The 
physical properties of the HA-BMAC graft allows 
for reliable arthroscopic implantation in select 
cases [48]. In cases of osteochondritis dissecans 
lesions of the knee that require reconstitution of 
subchondral bone, the HA-BMAC graft may be 
combined with a morselized bone graft inlay, to 
perform repair of the osteochondral unit by a tech-
nique described by Sadlik as biologic inlay osteo-
chondral reconstruction (BIOR) [37].

�Conclusion

OCD is a condition that continues to pose a 
dilemma for the orthopaedic surgeon, with 
regard to timely diagnosis and the selection of 
appropriate treatment. No one single technique 
has been deemed applicable for all stages of 
presenting OCD. Recent techniques with new 
biomaterials have shown good medium-term 
results, although greater lengths of follow-up 
are necessary to more accurately determine the 
durability of such treatment.
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According to a study performed by the Fédération 
Internationale de Football Association (FIFA), 
there are approximately 265 million active foot-
ball players worldwide, a number which is con-
stantly increasing, making it the world’s most 
popular sport [1].

Football is considered a physically demanding 
and highly competitive sport, associated with 
highly athletic and financial expectations [2]. In 
light of these high expectations, there is an 
equally high intensity on the competitive sports, 
resulting in a consequently increased risk for 
sports-related injuries, with an estimated inci-
dence of 8.5 injuries per 1000 playing hours and 
an average of 1.3 injuries per player within each 
season [3–5].

Football has been reported as the most com-
mon sport in the world, where fractures fre-
quently occur [6]. Despite the high number of 
epidemiology studies on sports-related injuries, 
little attention has been paid on the etiopathog-
eny, suitable treatment, prognosis, and preven-
tion of lower extremity fractures [7]. The most 
common injuries, accounting for 50% to 80% of 
all injuries, usually involve minor trauma, includ-
ing muscle sprains, ligament strains, and contu-
sions [7, 8]. Nevertheless, given to high impact 
nature of sports, such as football more severe 
injuries may occur, such as fractures [9]. Around 
20% of the football injuries are fractures [10]. In 
this sense, the lower extremity is the most 
affected, in most cases caused by tackles [8].

Regarding youth sports, about 10% of all ath-
letes’ exposures to injury are fractures, with an 
overall rate of 1.82 fractures per 10,000 expo-
sures. The lower leg accounts for about 10% of 
all sport-related fractures, and the proportion of 
fracture injury is inversely correlated with the 
athlete’s age [11].

When focusing tibial and fibular fractures, 
Boden et al. [7] retrospectively reviewed 31 foot-
ball players who have sustained a traumatic frac-
ture of the lower leg. From all lower limb fractures, 
15 involved both the tibia and fibula, 11 only the 
tibia, and 5 only the fibula, which most of them 

occurred in young, competitive athletes during 
game situations. Tibial and fibular fractures are 
majorly caused by a direct-impact trauma, such as 
a miskick or slide tackles, where the high kinetic 
energy is rather transmitted to the opponent’s 
lower leg and not to the ball. When the tibial frac-
tures were concurrent with fibular ones, major 
complications were present in 50% of the players 
and the return to sports averaged 40 weeks. This 
fact suggests that lower leg fractures are serious 
injuries, often requiring prolonged recovery time. 
In addition, Robertson et  al. [12] in their study 
reported 367 football-related fractures, with a 
total of 117 fractures occurring in the lower limbs, 
which 18 were in the tibial diaphysis, 4 in the dis-
tal tibia, 4 in the fibula, 2 in the patella, and 2 on 
the proximal tibia. The mean time of return to 
sports was 26 ± 22  weeks in the players with 
lower limbs injuries, where the tibial diaphysis 
was responsible, in a rate of 20%, for the highest 
morbidity in not returning to football. These 
trauma injuries can often lead to kinesiophobia 
that is defined as “excessive, irrational, and debili-
tating fear of physical movement and activity 
resulting from a feeling of vulnerability to painful 
injury or re-injury” [13].

Fracture of the tibial plateau has also a consid-
erable incidence in impact sports, including foot-
ball [14]. These fractures have many different 
patterns of occurrence from undislocated split 
fractures and slightly/severely displaced depres-
sion fractures to more complex and comminuted 
fractures with severe destruction of the joint lines 
and cartilage lesions. In this sense, these are con-
sidered serious injuries once the majority of play-
ers are not able to return to their previous 
competitive level which can result in a premature 
career ending [15].

More uncommonly avulsions of the tibial 
tuberosity may occur, which account for only 3% 
of tibial fractures [16]. They are usually unilat-
eral; however, it can also occur bilaterally [17]. 
Another uncommon injury of the tibia is the 
Segond fracture that is a small vertical avulsion of 
the lateral aspect of the proximal tibia, distal to 
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the tibial plateau. It is usually caused by internal 
rotation forces of the knee coupled with varus 
stress while the knee flexed [18]. This fracture is 
generally correlated with intra-articular knee 
damage. The most commonly concomitant intra-
articular injuries reported include the anterior cru-
ciate ligament tear (75 to 100% of cases), meniscal 
tears (66 to 75%), instability or damage of the 
posterolateral corner of the knee, and, in most rare 
cases, rotatory knee instability (6 to 13%) [19].

The shin guard appears into the football game as 
an attempt to reduce and prevent abrasions, contu-
sions, and fractures of the lower extremity. Though, 
these can only offer protection against lower 
extremity minor injuries [7]. Shin guards are usu-
ally required, and it is estimated to reduce the 
impact trauma, through up to 60% of deceleration 
of the impact and up to 20% reduction on the 
energy absorbed by the leg [20]. Several studies 
have showed that regardless using a shin guard, a 
fracture may still occur [7, 8]; nevertheless, in 
some cases, they may aid to prevent fractures [7, 8].

Acute compartment syndrome is a possible 
complication when considering tibial fractures, 
commonly associated with low-energy injuries, 
which can lead to potentially severe conse-
quences [21]. These authors found that tibial 
fractures have a statistically significant associa-
tion with the acute compartment syndrome in 
football players.

18.1	 �Distal Femur

18.1.1	 �Introduction

Distal femur fractures are rare in football, and 
there are only few reports in the literature regard-
ing this theme [14, 22].

Typically these fractures occur in two distinct 
populations in young patients secondary to high-
energy trauma and in the elderly from minor 
trauma [23].

Since it is a relatively atypical situation, only 
general principles will be addressed.

There is no universally accepted classification, 
and the most important feature of the classification 
systems is the distinction between extra-articular, 
intra-articular, and isolated condylar lesion [24].

18.1.2	 �Clinical Presentation

Severe pain, swelling, and a variable degree of 
deformity are present. In the young population 
and since it is a fracture associated with high-
energy trauma, other severe injuries can be pres-
ent. Special attention should be addressed to the 
neurovascular status of the limb, and careful 
evaluation should be performed [23–25].

18.1.3	 �Imaging Studies

In most cases, anteroposterior and lateral radio-
graphs of the knee and distal femur are sufficient 
to perform a correct diagnosis. Computed tomog-
raphy (CT) scans are performed is the presence 
of complex intra-articular fractures and osteo-
chondral lesions. Magnetic ressonance imaging 
(MRI) can be performed if ligament or meniscal 
injuries are suspected [23–25].

18.1.4	 �Treatment

Conservative treatment has very few indications, 
and most of them are nondisplaced or incomplete 
fractures and those patients that are not fit for sur-
gery because of medical comorbidities. The treat-
ment consists of a hinged knee brace for 
nondisplaced fractures and a cast for 6–12 weeks 
for displaced fractures [24, 26].

Surgical treatment is applied in most frac-
tures and the surgical approach most commonly 
used is the lateral. Several methods of fixation 
can be used such as retrograde nailing, screws, 
plates, skeletal traction, and external fixators 
(for temporary or definitive treatment) accord-
ing with the type of fracture [23–26].
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18.1.5	 �Prognosis

Regarding the conservative treatment, the results 
are considered to be poor particularly in the cases 
of prolonged immobilization [26].

Surgical treatment has a good to excellent result 
in most of the cases with a high percentage of 
patients that can walk without aids and 110 to 120 
degrees of flexion. Infection, nonunion, malunion, 
knee stiffness, and hardware failure are some of 
the complications described in the literature [27].

18.2	 �Patella

18.2.1	 �Introduction

Patellar fractures are a rare event in football and 
represent a small percentage of fractures in this 
population. The literature is poor in what con-
cerns at the description of specific fracture types 
in football. The main mechanisms of injury are 
direct, indirect, or a combination of both. Direct 
injuries can be of low or high energy, but obvi-
ously in most sports like football, they are of low 
energy. Indirect injuries are those caused by a 
forced contraction of the quadriceps with a knee 
in flexed position. The classification more com-
monly used in patellar fractures is descriptive 
(nondisplaced, displaced, transverse, commi-
nuted, vertical, marginal, and osteochondral). In 
order for a patellar fracture to be considered dis-
placed, the fragments should have more than 
3 mm of separation or more than 2 mm of articu-
lar incongruity [23, 24, 27].

18.2.2	 �Clinical Presentation

The main characteristic is anterior knee pain of 
acute onset with a variable degree of inability to 
extend the knee actively. Hemarthrosis, pain at 
the fracture site during palpation, and a palpable 
defect are also consistent findings. Stability tests 
of the knee must be performed since anterior 
cruciate ligament (ACL) injury can be present 
[23, 24, 27].

18.2.3	 �Imaging Studies

Plain radiographs of the knee in lateral, antero-
posterior, and axial patellofemoral views are gen-
erally the only exams necessary for the diagnosis. 
Contralateral knee imaging should be obtained in 
order to exclude anatomic variants such as a 
bipartite or tripartite patella [23, 24].

18.2.4	 �Treatment

Nonoperative management can be proposed only 
if there is no extensor mechanism disruption, less 
than 2 mm of articular incongruity and less than 
3 mm of fracture fragment separation [28].

The patient is maintained in partial weight 
bearing with crutches and a hinged knee brace is 
applied. The rehabilitation period is divided in 
periods of 2 weeks: first two, the knee is in full 
extension; from the second to the fourth week, 
flexion from 0 to 45 degrees is allowed; from 
fourth to sixth week, flexion 0 to 90 degrees; and 
the two following weeks, full motion is allowed. 
Full weight bearing is allowed at week 8. A regu-
lar radiological assessment, lateral, anteroposte-
rior, and axial patellofemoral views, is performed. 
Return to competition may vary between 6 to 
12 weeks; however, residual deficits of the knee 
may persist, which will affect the sports partici-
pation [29, 30].

Surgical management is required to those 
patients with more than 2 mm of articular incon-
gruity, more than 3  mm of fracture fragment 
separation, and osteochondral fracture with 
loose bodies (addressed in other chapter), and 
extensor mechanism compromise (loss of active 
extension) causes and treatment are also 
addressed in another chapter. Several methods of 
internal fixation have been described: a figure-
of-eight tension wire with two k-wires, modified 
tension band with cannulated screws, and inter-
fragmentary screws without tension banding. 
The longitudinal approach is more commonly 
used by the author [23, 24, 27]. The rehabilita-
tion will depend on the type of osteosynthesis 
used. In case of a figure-of-eight tension wire 
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with two k-wires, immediate mobilization can be 
performed.

18.2.5	 �Prognosis

The literature is poor regarding the prognosis of 
this pathology in football players, but in general 
population, the prognosis is very good with an 
overall satisfaction in both conservative and sur-
gical treatment. Return to sports after surgery can 
occur at 10  weeks but is dependent to the 
rehabilitation [31]. Approximately in 15% of the 
cases, symptomatic hardware can be a complica-
tion and removal might be necessary as described 
in a related article [32]. Some complications 
mentioned are infection, nonunion, knee stiffness, 
and painful retained hardware [23] (Figs.  18.1 
and 18.2).

18.3	 �Tibial Spine Avulsion 
Fractures

18.3.1	 �Introduction

This type of fractures occurs by forced flexion 
or hyperextension with internal rotation of the 
tibia [26]. They are common in pediatric popu-
lation 8–13 years and related to sports in con-
trast with the adult population; here these 
fractures are related to traffic accidents [33–36]. 
The classification system that is more com-
monly used is the Mayer and McKeever since 
1959 [35] with the following types: I, undis-
placed; II, partially displaced fracture; IIIA, 
completely displaced fragment; and IIIB, com-
pletely displaced fragment and rotated; Later 
Zariczynj [37] included type IV, complete 

Fig. 18.1  Radiographs on AP view of the knee (patellar 
fracture)

Fig. 18.2  Radiographs on lateral view of the knee (patel-
lar fracture)
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displacement with comminution. In children 
cartilaginous tibial eminence fracture can 
occur,  which are very often misdiagnosed. 
Nevertheless, there is a good prognosis even 
after misdiagnosis and treatment of the non-
union, which may be due to the low-energy 

mechanism of injury and low rate of associated 
lesion. In this sense, the surgical treatment plays 
a crucial role because when the patient is 
exposed to the conservative treatment, the non-
union might expose to ACL involution [38] 
(Fig. 18.3).

I II IIIA

IIIB IV

Fig. 18.3  Mayer and McKeever’s classification mod-
ified by Zariczynj based on avulsion fracture of the 
tibial eminence: treatment by open reduction and 

pinning [37] and fracture of the intercondylar emi-
nence of the tibia [35]
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18.3.2	 �Clinical Presentation

Knee pain and hemarthrosis are present, and 
drainage of the hemarthrosis can be performed in 
order to relieve symptoms. Entrapment of soft 
tissue (such as the anterior horn of the lateral 
meniscus) can also occur [39].

18.3.3	 �Imaging Studies

The initial study is made by anteroposterior and 
true lateral radiographs. CT scans are obtained 
to obtain a better characterization of the degree 
of communication. MRI can be obtained for 
more information about the soft tissue struc-
tures [40, 41].

18.3.4	 �Treatment

Type I is treated with a long leg cast immobiliza-
tion for 4–6  weeks with follow-up radiographs 
every 2 weeks [42].

In type II the treatment is controversial and 
can be conservative or surgical depending on the 
surgeon opinion [26, 42].

Type III/IV is managed surgically with 
arthroscopy. The more common methods of fix-
ation are by a cannulated screw or by tensioning 
the fragment with a wire and then passing it 

through two tibial tunnels drilled to that purpose 
[26, 42]. Weight bearing is allowed with a pair 
of elbow crutches with early range of motion 
[43–45].

18.3.5	 �Prognosis

The prognosis for surgical treatment is consid-
ered very good [42]. Several complications such 
as residual laxity, growth deformity, and arthro-
fibrosis are described [39, 42].

18.4	 �Tibial Plateau Fractures

18.4.1	 �Introduction

This type of fractures is rarely associated with 
noncontact sports and can be considered an 
uncommon knee injury; they are usually related 
with high-impact incidents such as car acci-
dents [23, 46]; however, there are some reports 
in amateur football that report this type of frac-
ture as one of the most common in the inferior 
limb [14]. The fracture usually occurs with a 
varus or valgus force coupled with axial load-
ing [23]. The classification of these fractures is 
mainly by the Schatzker classification (six 
types) that is pathoanatomic and suggests treat-
ment strategies [24, 47, 48] (Fig. 18.4).

I II III

Fig. 18.4  Schatzker classification based on the tibial plateau fracture. The Toronto experience [48]
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18.4.2	 �Clinical Presentation

The inability to continue to play immediately 
after this injury is mentioned in a case report of a 
tibial plateau fracture [46]. In hemarthrosis, a 
painful knee and inability to bear weight are typi-
cal findings [23].

Neurovascular examination and assess-
ment for meniscal or ligament injury remain 
a key aspect in the evaluation of these frac-
tures [23].

Compartment syndrome can occur but is more 
common in high energy fractures [23, 24].

Several associated lesions can occur to the 
meniscus and cruciate or collateral ligaments 
[23, 24].

18.4.3	 �Imaging Studies

The initial study is made by anteroposterior 
(10–15 degree caudal view) and lateral radio-
graphs. CT scans are obtained to obtain a bet-
ter characterization of the fracture pattern and 
for preoperative planning. MRI can be 
obtained for more information about the soft 
tissue structures (meniscus and ligaments) 
[23, 24].

18.4.4	 �Treatment

The conservative treatment can be performed in 
nondisplaced or minimal displaced fractures; 
other situations that are also managed by nonop-
erative treatment but that aren’t related to this 
book are elderly patients or patients with severe 
medical problems. The patient is kept in a cast 
brace with non-weight bearing for 4–8 weeks and 
progressive weight bearing until 12 weeks [3, 7].

Obvious concerns exist to this kind of treat-
ment due to the problem of the long period of 
immobilization in athletes.

Operative treatment is indicated with vascular 
injury, compartment syndrome, fractures, open 
fractures, displaced unstable fractures, and with a 
variable degree of articular depression <2 mm to 
1 cm [23–25].

The surgical goals are to restore articular 
surface, tibial alignment, and associated 
menisco-ligament injuries. In this sense, preserv-
ing the menisci is fundamental. There are several 
fixation methods such as plates, screws, and exter-
nal fixators, and their application depends on the 
fracture pattern. There are also several surgical 
approaches such anterolateral, posteromedial, 
anteromedial, posterolateral, and combined ante-
rior and posteromedial that are used accordingly 

IV V VI

Fig. 18.4  (continued)
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with the fracture pattern. Arthroscopy has several 
applications such as soft tissue lesion visualiza-
tion, joint lavage, osteochondral fragment 
removal, reduction assistance, or other lesion 
repair. Weight bearing starts at 8–12 weeks after 
surgery [24, 25].

18.4.5	 �Prognosis

Excellent results have been reported with conser-
vative treatment [24, 46].

The results with surgical treatment are largely 
dependent on the fracture pattern.

Several complications can occur such as infec-
tion, arthrofibrosis, malunion, or nonunion [23–25].

It is important to mention that most of the 
results are referent to non-athletes, and in the 
literature, the results for this type of population 
are not favorable like it was demonstrated in a 
paper where the majority of athletes did not 
return to the previous level with the authors 

referring that for competitive sports this can be 
a career-ending lesion [15] (Figs. 18.5, 18.6, 
and 18.7).

Fig. 18.5  CT scan on coronal view of the knee (tibial pla-
teau fracture)

Fig. 18.6  CT scan on sagittal view of the knee (tibial pla-
teau fracture)

Fig. 18.7  CT reconstruction (tibial plateau fracture)
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18.5	 �Tibial Tubercle

18.5.1	 �Introduction

This injury occurs mainly in the adolescent popu-
lation just before the skeletal maturations occurs. 
It comprises 3% of tibial fractures and results 
from a vigorous contracture of the quadriceps, 
and it is typically an injury that occurs in males 
[16, 49, 50].

Initial classification was proposed by 
Watson-Jones [51] in three types and later 
revised by Ogden (subtypes A and B) in order to 
account the degree of displacement and commi-
nution [52].

Type I consists of a fracture through the tuber-
cle, type II in fracture at the level of the tibial 
physis, and type III in a fracture that extends into 
the joint.

More recently a rare type IV fracture was 
described, and it consists of a fracture that 
extends posteriorly through the physis [53] and a 
type V that consists of a type IV and IIIB, creat-
ing a Y configuration [50].

18.5.2	 �Clinical Presentation

An audible pop at the time of the injury may be 
heard. Acute pain, swelling, and tenderness char-
acterize the presentation. The ability to extend 
the knee against gravity is variable but weakness 
is a constant finding. It is important to perform a 
meticulous knee examination to exclude other 
injuries such as meniscal or ligament tears [20, 
49, 54].

18.5.3	 �Imaging Studies

Lateral, anteroposterior, and oblique radiographs 
are required. MRI is rarely necessary, only if 
associated injuries are suspected [54].

18.5.4	 �Treatment

Conservative treatment is proposed for the type I 
fractures and for IB or IIA that can be reduced 
anatomically with a long leg or cylinder cast.

Surgical treatment, open reduction and internal 
fixation with fluoroscopy, is reserved for types IB 
and IIA that can’t be reduced, and for types IIB, 
III, IV, and V, the use of screws with or without 
washers, tension band wiring, and repair of perios-
teum are described in the literature. Arthroscopic-
assisted techniques are important particularly in 
type III fractures to assess and repair any intra-
articular pathology such as meniscal tear or osteo-
chondral injury. In type V the epiphyseal and 
metaphyseal fractures should be treated indepen-
dently. Immobilization is required after surgical 
treatment for 4–6 weeks [54, 55].

18.5.5	 �Prognosis

The prognosis is excellent and the main concerns 
should be addressed to the eventuality of a com-
partment syndrome. Loss of motion and patellar 
malposition have also been reported. Return to 
sports can be expected from 8–22 weeks depend-
ing if the treatment is conservative or surgical 
and the type of fracture [54, 55].

18.6	 �Segond Fracture

18.6.1	 �Introduction

Segond fracture avulsion was described in 1879 by 
Dr. Paul Segond; it is located at the lateral aspect 
of proximal tibia immediately distal to the plateau 
[56, 57]. The mechanism of injury is tibial internal 
rotation and varus stress [19, 57].

It is associated with ACL tears (75%–100%), 
meniscal tears (66%–75%), avulsion fracture of 
the intercondylar eminence, and other injuries 
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[19, 57–59]. Association between ACL injury 
and Segond fracture may be different in skele-
tally immature patients [60].

18.6.2	 �Clinical Presentation

In the acute setting, pain, edema, hemarthrosis, 
and muscle spasm are usually present, and special 
tests for ACL tear can be present and positive [19, 
61, 62]. Pain on the proximal-lateral tibial pla-
teau has been also described [61].

18.6.3	 �Imaging Studies

Initial studies consist of knee radiographs; 
anteroposterior is the best view for the lesion [63].

Since this pathology is associated almost always 
with other lesions, MRI should be performed [61].

18.6.4	 �Treatment

Since there are several associated lesions to 
Segond fracture, a personalized treatment should 
be performed [59] (described in other chapters).

18.6.5	 �Prognosis

Has stated before a broad spectrum of associated 
lesions exist with a variety of treatments performed 
according with each type making the prognosis 
associated with the concomitant injuries.

18.7	 �Tibia/Fibula Shaft Fractures

18.7.1	 �Introduction

These fractures constitute the most frequent among 
long bones to be fractured, and reports suggest also 
an elevated percentage when compared with other 

fractures among football players [14, 23]. In a 
paper, approximately 46% of the fractures are from 
both bones and about 34% from the tibia alone [7]. 
Usually the fractures are divided into high energy 
and low energy with the ones resulting from sports 
activities belonging to the last group [23, 24]. The 
classification systems have presented poor  sensi-
tivity, interobserver reliability, and reproducibility, 
and by this reason adopting a descriptive can be 
used (displacement, angulation, shortening, rota-
tion, configuration, anatomic location, fragment 
number, and position; open or closed) [23].

18.7.2	 �Clinical Presentation

Pain and soft tissue swelling are characteristic; 
special attention should be made to the neurovas-
cular status of the limb, to the condition of the 
soft tissue, and also to the possibility of compart-
ment syndrome [23, 24].

18.7.3	 �Imaging Studies

Simple radiographic evaluation with anteroposte-
rior and lateral views including the knee and 
ankle joints is required [23].

18.7.4	 �Treatment

Nonoperative treatment can be performed with a 
long leg cast near 0° for approximately 
3–6  weeks (and full weight bearing in some 
cases at 2 weeks); by the end of this period, a 
fracture brace or patellar bearing cast is applied. 
In this sense, more than 50% cortical contact, 
less than 1  cm of shortening, less than 10 
degrees of rotation or anterior/posterior angula-
tion, and less than 5 degrees of varus/valgus are 
acceptable. Several factors can influence the 
time to union and so this time can be from 12 to 
20 weeks [23, 24].
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Surgical options include intramedullary nail-
ing, plates and screws, and external fixation. In a 
study of Boden and coworkers the majority of ath-
letes with fracture of both bones underwent intra-
medullary nailing [7]. When considering athletes, 
regarding the post-surgery rehabilitation, the early 
mobilization of the knee plays a key role.

Surgical complications may appear, majorly 
due to surgical pitfalls. Therefore, two screws 
should be light fixated, oriented in spiral frac-
tures rather than a nail or very long plates.

18.7.5	 �Prognosis

It is referred in the literature that the prognosis and 
return to play for football players correlated with 
the energy of trauma (more energy in cases of both 
bones fractured). The average time mentioned in 
the literature is 40.2 weeks for both bones, 35 for 
tibia fractures, and 18 for fibula fractures [7]. 
Several complications exist in both types of treat-
ments such as malunion, nonunion, and neurovas-
cular injury, but special attention should be taken 
care to knee pain associated with intramedullary 
nailing [23–25] (Figs. 18.8 and 18.9).

�Conclusion

Fractures around the knee have a broad spec-
trum of consequences, and special attention 
should be taken in their prevention, diagnosis, 
and treatment since some can be career ending.
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19.1	 �Introduction

Groin pain is a very common athletic com-
plaint, but it poses a diagnostic and therapeutic 
challenge for team physicians, radiologists, 
consulting surgeons, athletic trainers, and ath-
letes themselves [1]. This partly arises from the 
multiple anatomic structures in the hip and 
groin that are prone to injury. Furthermore, 
signs and symptoms of hip and groin disorders 
can mimic each other and can be similar to 
symptoms arising from more distant structures 
which make accurate diagnosis difficult. 
Between 2% and 8% of all athletic injuries 
involve the groin and mainly affect sports 
requiring rapid changes in direction, quick 
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acceleration, kicking, and frequent side-to-side 
motions. In football, the incidence of groin 
injury has been estimated to be 10–18 per 100 
football players per year. However, the defini-
tion and diagnostic criteria for groin pain in ath-
letes are not clear, and in the literature, no 
consensus is provided [2]. Appropriate and suc-
cessful conservative management relies upon 
precise clinical reasoning and decision making. 
Functional demands of the presenting sport 
must be understood in order to plan, guide, and 
progress rehabilitation so that the athlete returns 
to their optimal level and avoids reinjury.

Given the complexity and the difficulty in treat-
ing this condition, the athlete must be accompanied 
by a multidisciplinary team which should include 
sports medicine doctor, radiologist, physiothera-
pist, psychologist, and surgeon, among others.

19.2	 �Incidence of Groin Pain 
in Football

Groin injury/pain was a frequent occurrence in 
men’s and women’s senior football, comprising 
about 7–13% of all time-loss injuries, with a 
more than twofold higher rate identified in male 
compared with female players [3]. The nature of 
this injury is still poorly understood and reported 
(e.g., acute versus chronic, traumatic versus 
overuse, functional versus structural), so we 
believe that the incidence of groin injury/pain 
may be underestimated. Common sports associ-
ated with hip and groin injuries are those involv-
ing repetitive twisting, kicking, and turning 
movements which occur in american football, 
football, ice hockey, basketball, and tennis. In 
addition, sports that involve running with repeti-
tive impact such as track and field are also 
affected by these injuries [4].

19.3	 �Risk Factors

It is difficult to compare the findings of risk fac-
tor studies because of the lack of a universal 
definition of groin injury/pain. Our perspective 
is that previous history of groin injury, altered 
biomechanics, playing at a higher level, muscle 
imbalances (mainly in the ratio hip abductor/
adductor, core muscle weakness, as well as 
delayed onset of transversus abdominis), and 
errors in planning training are the main causes 
of groin injury/pain. Age, experience, and 
adductor length have still conflicting evidence 
in the literature [5].

Repetitive stressing of the musculotendinous 
structures has been proposed as one of the patho-
physiological mechanisms of groin pain in foot-
ball [6]. It has also been shown that the dominant 
leg was injured more frequently than the non-
dominant leg, suggesting that kicking may indeed 
be part of the problem [7].

19.4	 �Differential Diagnosis

There are many causes of groin pain, which 
are extensively referred in the literature. 
Causes of injuries and disorders include 
trauma, overuse, muscle strength and length 
abnormalities, endurance and coordination 
imbalances across the lumbopelvic region, 
decreased abdominal stability, inguinal wall 
weakness, and increased shear forces across 
the hemipelvis. Symptoms may originate from 
specific local structures (e.g., adductor ten-
dons, hip joint) or may be referred from other 
structures (e.g., lumbar spine, sacroiliac joint, 
neural structures, abdominal viscera, knee 
joint) or can originate from other pathologies 
(e.g., rheumatic disorders). The pathology 
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may be primary in origin or may be secondary 
due to a history of chronic injury. The variety 
of structures and potential causes of pain can 
make differential diagnosis a challenge for the 
clinician. Table 19.1 summarizes some com-
mon causes of groin injuries [8].

19.5	 �Clinical Overview

Due to the anatomical complexity of the region, 
there is often significant overlap in the signs 
and symptoms of different diagnoses of groin 
pain. Adding to this complexity, sportspeople 
often present with vague symptoms of insidious 
onset which allows them to continue to train 
and play with pain. As a result, athletic groin 
pain has a tendency to develop into a chronic 

presentation, and sportspeople can often return 
to sport before completing an adequate reha-
bilitation period [9].

19.5.1	 �Medical History

Usually the athlete cannot recall any acute inci-
dent, and it is often helpful to look into the activi-
ties the patient has been doing in the period 
preceding the injury as well as a how the symp-
toms developed.

A subjective assessment must include some 
themes:

•	 Type of sport: competitive level, main techni-
cal aspects of the sport, type of training, and 
any changes in training

Table 19.1  Causes of long-standing groin pain

Common Less common Not to be missed

Adductor related Stress fracture Slipped capital femoral epiphysis
 � Tendinopathy  � Neck of femur Perthes disease
 � Myofascial tightness  � Pubic ramus Intra-abdominal abnormality
Iliopsoas related  � Acetabulum  � Prostatitis
 � Neuromyofascial tightness Nerve entrapment  � Urinary tract infections
 � Tendinopathy  � Obturator  � Gynecological conditions
 � Bursitis  � Ilioinguinal Spondyloarthropathies
Abdominal wall related  � Genitofemoral  � Ankylosing spondylitis
 � Posterior inguinal wall weakness Referred pain Avascular necrosis of head of femur tumors
 � Tear of external oblique 

aponeurosis
 � Lumbar spine  � Testicular

 � “Gilmore’s sign”  � Sacroiliac joint  � Osteoid osteoma
 � Rectus abdominis tendinopathy Apophysitis
Pubic bone-related  � Anterior superior iliac spine
 � Pubic bone stress  � Anterior inferior iliac spine 

(adolescents)
Hip joint
 � Chondral lesion
 � Labral tear
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•	 Detailed history of the condition: mechanism 
of injury, duration of symptoms, and previous 
successful or failed treatments

•	 Past medical history and medication: previous 
surgery, congenital hip disorders, degenera-
tive joint disease, other medical conditions 
and red flags (e.g., history of cancer, weight 
loss, night pain), and current medication

•	 Aggravating and easing factors
•	 Patterns of pain: morning, daytime, and 

evening
•	 Current functional difficulties encountered by 

the athlete
•	 The athlete’s goals for return to sport

Usually the athlete experiences an insidious 
onset of groin pain, usually felt proximally in 
one pubic bone, and/or one proximal adductor, 
but may also be centered on the lower abdo-
men. Pain starts in one region, unilateral, and 
then spreads to other regions becoming bilat-
eral, aggravated by exercise, with activities like 
turning/twisting and kicking being the most 
challenging movements. The location of the 
pain in the early stages is important to deter-
mine the structure primarily affected. Pain usu-
ally presents initially following activity and is 
accompanied by stiffness in the next morning 
improving during the day. The ability to pro-
duce fast movements such as in sudden changes 
of direction, sprinting, and kicking is impaired 
and usually painful when the adductors and the 
iliopsoas muscles are involved. When the 
abdominal muscles are involved, strenuous 
sudden abdominal contractions such as cough-
ing and sneezing can become painful. With the 
worsening of symptoms, pain appears earlier at 
the start of activity and does not slow down in 
the course of it. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) tend to decrease pain but pro-
vide no cure.

19.5.2	 �Examination

Based on information gained in the subjective 
assessment, the physical examination is planned. 

The latter must be thorough and systematic to 
avoid misdiagnosis:

•	 Observation: Posture in sitting and standing, 
gait patterns from the frontal and sagittal 
plane, leg length discrepancies by observed or 
palpated differences in pelvic levels and skin 
creases, rotational differences between both 
legs, and muscle wasting

•	 Palpation: The exact site of symptoms 
should be identified by getting the patient to 
point to the most painful location. Accurate 
palpation of the symptomatic structures is 
essential to precisely pin-point structures at 
fault and to arrive at a diagnosis. For exam-
ple, presence of the C sign usually indicates 
deep interior pain of the hip joint. Other 
structures that warrant palpation are the lum-
bar spine, sacroiliac joint, pubic symphysis, 
muscle bellies, lateral aspect of the greater 
trochanter, and trochanteric bursa. Bony pel-
vic landmarks such as the anterior superior 
iliac spine (ASIS), posterior superior iliac 
spine (PSIS), and iliac crest should be pal-
pated for symmetry

•	 Range of motion tests: Any deviations from 
normal range of motion or changes in range 
between left to right side should be noted. 
Range of motion should be assessed in a con-
sistent and reproducible manner (e.g., rotation 
can be measured in the seated position as the 
pelvis and hip are stabilized); abduction and 
adduction range can be measured by referenc-
ing the shaft of the femur to the midline of the 
pelvis. Any factors that may limit normal 
range of motion must be considered which can 
include capsuloligamentous, muscular, or 
articular causes

•	 Muscle testing: Manual muscle testing can 
be used to test the strength of the hip adduc-
tors and abductors, hip flexors and exten-
sors, hip internal and external rotators, and 
knee extensors and flexors. However, the 
reliability of manual muscle testing has 
been found to be poor. Functional tests 
should also be considered for evaluation 
purposes. These may include squat, lunge, 
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single-leg dip, and hop tests where control, 
coordination, endurance, and any compen-
satory movement patterns are assessed. 
Isokinetic dynamometry testing can be used 
as an objective measure of hip strength. 
However further research is needed as there 
are a limited number of studies which 
address hip strength using isokinetic 
dynamometry

Assessment core stability of the deep 
abdominal and pelvic muscles, as well as 
adductor squeeze test performed with a dyna-
mometer, has been shown to have good reliabil-
ity and provide an objective measure which can 
be monitored or at least compared to a baseline 
in the event of an acute or gradual onset chronic 
injury [5].

A positive crossover sign means that the 
patient’s typical groin pain is reproduced when 
one of the provocation tests (e.g., passive hip 
abduction, resisted hip adduction, resisted hip 
flexion in Thomas position) is performed on the 
contralateral side to the symptoms. A positive 
crossover functional impairment and the clinical 
implication is that the player is very unlikely to 
be able to run, train, or play.

19.6	 �Imaging

Following the history and physical examination, 
some musculoskeletal investigations such as 
ultrasound or MRI may be helpful in evaluating 
these athletes and ruling out other pathologies, 
although no radiographic study can rule out pub-
algia syndrome. We can say that imaging chronic 
groin pain in athletes is a controversial topic. The 
insidious onset of symptoms is important as groin 
pain due to an acute muscular, tendinous, or osse-
ous injury is easily visualized on imaging and 
generally carries a much better prognosis than 
chronic groin pain. Conventional X-rays and CT 
do not typically aid diagnosis as bone morphol-
ogy does not correlate with symptoms, and as 
imaging techniques, they are insensitive to soft 
tissue changes and/or edema. Herniography and 

isotope bone scans are now rarely performed and 
have been superseded by high-resolution MRI. 
Diagnostic laparoscopy is not recommended.

Ultrasound has been used to detect inguinal 
hernias but it’s use is controversial. Ultrasound 
can be helpful in the assessment of muscle and 
tendons. In terms of muscle injuries around the 
pelvis and hip, MRI can highlight disruption of 
musculotendinous margins and retracted mus-
cle. MRI can differentiate between musculoten-
dinous injuries and tendon avulsion injuries, 
which has an impact on management options 
and is the method of choice for studying this 
syndrome [10].

Though it should be noted that a high percent-
age of false-positive results are found in asymp-
tomatic individuals, and the primary guidance in 
terms of treatment should be given by clinical 
findings.

Four findings were commonly reported in 
athletes with long-standing adductor-related or 
symphyseal groin pain: degenerative changes 
of the symphyseal joint, adductor muscle inser-
tion pathology, pubic bone marrow edema, and 
secondary cleft signs. Their exact clinical rele-
vance for treatment or prognosis remains 
unclear.

19.7	 �Treatment

19.7.1	 �Conservative Treatment 
and Rehabilitation

A few years ago, it was acceptable that treatment 
for groin pain was rest, electrotherapy, and 
stretching the most important muscle groups of 
the lower limbs. However this attitude resulted in 
recurrence of symptoms upon returning to sports. 
Compared with rest, active rehabilitation pro-
vides more than ten times the likelihood of suc-
cessful pain-free return to sport [11].

In a recent study [12] that conducted a system-
atic review of treatment of groin pain in athletes, 
it was concluded that there is a moderate evi-
dence for active physical training (consisting of 
adductor and abdominal strengthening and 
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coordination exercises) being superior to passive 
physical therapy modalities (consisting of laser, 
transverse frictions, adductor stretching, and 
electric nerve stimulation) for long-standing 
adductor-related groin pain.

It is very important to ensure that exercise is 
performed without pain, identify and reduce the 
sources of increased load on the pelvis, and make 
progressions in activity levels on the basis of reg-
ular clinical assessment.

When we plan a rehabilitation program for 
groin pain, we could consider three stages and 
five domains (Table 19.2).

During the acute phase, we must guide our 
treatment for trophic domains (pain relief and 
inflammatory response control), osteoarticular 
domain (correction alignments and relief capsu-
loligamentar tensions), and neuromuscular 
domain (improved motor control, timings, and 
activation sequences) (usually more than lack of 
strength, there is a lack of motor control, espe-
cially in the feedforward mechanism).

There are many forms of intervention for this 
syndrome, and the selection of the most appropri-
ate will depend on the assessment and the primarily 
involved structures. It is not possible to create a 
standard treatment protocol but is intended to show 
some alternatives and the rationale for their use.

19.7.1.1	 �Acute Phase 1
To reduce pain, we can use medication, as well 
as auriculoacupuncture, mesotherapy, and elec-
troacupuncture because of their important 
action to combat the trigger points and low pain 
threshold. The use of extracorporeal shock 
wave therapy (ESWT) can greatly assist the 
tendon turnover through a controlled low-grade 
inflammatory response, as well as the applica-
tion of magnetotherapy and diathermy (initially 
pulsed) enhancing cellular tropism. The use of 
kinesio taping can also assist in controlling 
symptoms. The insoles may also be a giant ally, 
reminding the importance of correct biome-
chanics, posture alignment, and symmetry of 
the lower limbs.

19.7.1.2	 �Acute Phase 2
Manual therapy (massage, soft tissue mobiliza-
tion, connective tissue techniques, myofascial 
release techniques, cranial sacral techniques, 
joint mobilizations and manipulations, visceral 
mobilizations, muscle energy techniques, and 
others) is important at this early stage, reducing 
pain, increasing range of motion, and improving 
relaxation of soft tissue and joint structures. 
Manual therapy may also hasten tissue healing, 
increase tissue extensibility, facilitate movement, 

Stages Domains

Acute Sub-acute Chronic

Trofic Trofic Trofic Trofic

Osteoarticular Osteoarticular Osteoarticular Osteoarticular

Neuromuscular Neuromuscular Neuromuscular Neuromuscular

Muscular Muscular Muscular

Functional Functional

Table 19.2  Domains and stages in the rehabilitation of pubalgia syndrome
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and improve overall physical function. Stretching 
and core strengthening should start immediately 
as the symptoms permit. For this purpose, use 
low-impact exercises initially, and all exercises 
should be performed in the absence of pain.

19.7.1.3	 �Acute Phase 3
Exercise therapy is a key factor in rehabilitation 
of groin pain. At this stage exercise should be low 
impact and be primarily directed to the deepest 
and postural muscles, insisting on exercises that 
emphasize lumbopelvic stability, most of the 
time isometric at this level. The stabilizer (pres-
sure biofeedback unit) and the fit reformer are 
two good working tools at this phase. The ath-
letes can start training on bike, but care should be 
taken if there is contracture of the iliopsoas 
muscle.

19.7.1.4	 �Subacute Phase 1
In subacute phase the most important issue is to 
work the muscle and neuromuscular domains, 
considering that problems with other domains 
have become settled in the previous phase. The 
athlete may start running in a gravitational tread-
mill (Alter G), reducing the impact and allowing 
work components/motor patterns of running 
technique extremely important to maintain opti-
mal neurophysiological process of recruitment of 
central pattern generators (functional units of the 
nervous system that program, start, and control 
the automatic activities). At this stage analytic 
muscle strengthening can be started and given 
priority to exercise in external arcs, in order to 
strengthen the connective tissue around the pel-
vic girdle and promote strengthening with range 
of motion gain in muscles that normally are 
shortened (we need to note that this is not a rec-
ipe, e.g., a trigger point usually leads to a decrease 
in muscle elongation); however, in muscles 
which are already very elongated, the presence of 
the triggers may be due to excessive strain due to 
stretching – in this case a good strategy to use is 
to reeducate the muscle concentrically (with prej-
udice we will be weakening collagen matrix 
despite relief from trigger point), and then we 

need to reeducate eccentrically within an inter-
mediate external arc.

Muscle strength in closed kinetic chain is very 
good for increasing pelvic control, and a lot of 
studies show that when the strengthening of the 
gluteus medius is done in open kinetic chain, we 
can get a good range of recruitment of this mus-
cle, as well as tensor fascia lata, which is an 
antagonist of the first in external rotation of coxo-
femoral  – importance of external rotation on 
lower limb kinematics, correction of components 
of knee valgus. When this is done in closed 
kinetic chain, there is a decrease in tensor fascia 
lata activation compared with strengthening in 
open kinetic chain.

19.7.1.5	 �Subacute Phase 2
Eccentric strengthening of the muscles that insert 
or pass through the pelvic region to increase their 
stiffness should be initiated at this phase, thereby 
improving the stability, absorbency, orientation, 
and dispersion forces.

It is also advisable to start up with lower limb 
strengthening exercises primarily with co-
contraction of the core muscles and hip adduc-
tors. For the core it is true that we can use this 
strategy in all stages of rehabilitation because 
physiologically it works this way, but for other 
joint complexes (like the knee), it may no longer 
be true, since it operates in reciprocal innervation 
mechanisms more than in co-contraction 
mechanisms.

19.7.1.6	 �Chronic Phase
At this stage we intend to focus more on the neu-
romuscular and functional domains. Thus, mus-
cle strengthening can be associated with 
neuromotor control exercises.

Strengthening exercises should attempt to 
reproduce play motion components of the sports 
gesture and risk movements as well. At this stage 
the athlete can start with strengthening eccentric 
overload and focus particularly in exercises with 
pulleys and elastic/free weights to allow greater 
freedom of movement – the athlete must be able 
to “work with his body.” At this stage think more 
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about the recruitment of muscle chain than 
analytically muscle and progressions with core 
exercises must continue.

19.7.1.7	 �Return to Field
Stage 1 – Initiate with semi-static motor control 
exercises.

Stage 2 – Motor control and agility exercises 
that already do the transfer for some field exer-
cises with the use of the ball.

Stage 3 – Increased demand from agility drills 
and readaptation to the sporting resture. Test the 
athlete in the most of the harmful components 
that trigger relapse, trying to recreate game situa-
tions, subjecting it to competitive stimulus, inten-
sifying cardiorespiratory work, and preparing for 
the gradual return to work with the team.

19.7.1.8	 �Failure of Conservative 
Management

The most common reasons that can lead to failure 
of conservative therapy include:

•	 Incorrect diagnosis (hip joint pathology, her-
nia, stress fracture, referred pain)

•	 Inadequate period of rest
•	 Poor compliance
•	 Exercising into pain
•	 Inappropriate progressions
•	 Inadequate core stability
•	 Persistent lumbar intervertebral hypomobility
•	 Persistent adductor guarding

19.7.2	 �Surgical Treatment

As the long-standing groin pain is treated mostly 
with conservative treatment, surgical treatment 
is  reserved for very specific and very few 
situations.

Surgery for long-standing athletic groin pain 
can be classified into open and laparoscopic tech-
niques. The open technique can be a mesh repair 
(Lichtenstein) or a sutured repair (Shouldice). 
The suture repair can be “minimal,” that is, plica-
tion of the transversus abdominis and fascia 
transversalis in a double layer and excision of 

the  genital branch of the genitofemoral nerve 
(Muschaweck), anterior pelvic floor repair 
(Meyers), or darn reconstruction (Gilmore). 
Release of the adductor longus insertion onto the 
pubic bone ± release of the obturator nerve is 
often part of the groin reconstruction operation 
(Bradshaw). Laparoscopic repairs can be either 
transabdominal preperitoneal (TAPP), i.e., open-
ing and closing peritoneum over a mesh repair, or 
totally extraperitoneal (TEP) repair performed 
without breaching the peritoneum by entering the 
retro-rectus space, preserving the parietal perito-
neum and inserting mesh fastened with helical 
tacks, staples, or glue. Lloyd’s release involves 
inguinal ligament tenotomy, i.e., taking the ingui-
nal ligament attachment on the pubic tubercle 
and reinforcing the posterior inguinal canal wall 
with mesh.

Symptomatic labral tear of the hip joint is 
treated by arthroscopy and debridement as a sep-
arate preceding operation by an orthopedic spe-
cialist. Pubic bone stabilization with plate or 
screws is a rarely used surgical option because of 
the risk of stress fractures of the pelvis, but has 
been found successful in Welsh international 
rugby players in association with a soft tissue 
reconstruction [13]. We have some studies that 
point to indicate surgery for inguinal pathology 
and hip intra-articular injury.

The surgeon’s choice of repair relies on his/
her expertise as to whether to use an open or lapa-
roscopic (TAPP or TEP) technique.

It was noted that the laparoscopic technique 
had a quicker recovery and return to sporting 
activity, but it was also accepted that the surgeon’s 
relative expertise and experience in a particular 
technique was a major determining factor in the 
type of repair undertaken. Furthermore, there was 
no data from randomized controlled trials which 
suggests to any technique was superior [14].

�Conclusion

Groin pain is an extremely common presenta-
tion in sports and exercise medicine, particu-
larly in football, yet very poorly understood. 
One of the reasons is that the anatomy of the 
region is complex, and so the load in this 
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region is extremely high in every sports that 
involve kicking and rapid change of direction. 
Sometimes long-standing groin pain starts 
with an acute partial tear of adductor longus 
muscle and represents a clinical challenge.

After identifying the main structures primarily 
involved through a very careful medical history, 
physical examination and confirmed or not by 
imagiologic study (in this case mainly MRI) it is 
outlined multimodal and multidisciplinary treat-
ment plan and there must be a commitment from 
the athlete and a careful return to competition 
involving the coaching staff.
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20.1	 �Introduction

Femoroacetabular impingement (FAI) has been 
recently recognized as a cause for hip pain in 
adults particularly in young adults.

It has also been proposed that FAI may be an 
important underlying cause for early osteoarthri-
tis of the hip.

For years, athletes would complain of groin 
pain, and its cause would remain unclear and for 
this reason untreated. Most of the times, it would 
be attributed to “pubalgia,” a misnomer which lit-
erally means pain around the area of the pubic 
bone, and athletes would get treatment address-
ing the adductors, the rectus abdominis, or the 
abdominal wall which is only successful if the 
diagnosis was accurate. Patients with intra-
articular problems would remain symptomatic. 
This would, oftentimes, lead to permanent dis-
ability not enabling the athlete to fulfill his or her 
potential or even cut short their career.

Ever since it was first described, FAI has been 
increasingly associated with hip and groin pain in 
athletes. Football, as a pivoting sport, places the 
hip at risk of hip injuries, and the number of play-
ers diagnosed with FAI has also increased. FAI is 
a syndrome caused by a femoral and acetabular 
mismatch. The understanding of the pathological 
alterations and its implications in hip kinematics 
is fundamental in interpreting the clinical picture, 
which can be varied, in order to ensure proper 
treatment. It is imperative to properly evaluate 
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patients’ complains and correlate them with their 
physical examination and imaging tools; other-
wise follow-up can be undermined.

Treatment can be either conservative or surgi-
cal. Nonetheless, over the last years, the number 
of surgical procedures, both open and 
arthroscopic, to address the deformities which 
underlie FAI have increased dramatically. There 
have been numerous papers from several authors 
reporting on the results of surgical treatments 
most of which showing promising short to mid-
term results. These have been supported by a 
high rate of returning to sports activities at the 
same level as prior to surgical intervention.

Results have been dependent on early detec-
tion and chondral damage at the time of surgical 
intervention. There are, at this time, however, no 
proof that treatment can avoid or even delay the 
development of hip arthritis. We are, nonetheless, 
optimistic regarding this last issue as we are on 
the verge of being able to address chondral dam-
age as well as anatomic deformities.

20.2	 �Pathophysiology

Osteoarthritis of the hip can have numerous 
causes which include Legg-Calve-Perthes dis-
ease, slipped capital femoral epiphysis, avascular 
necrosis of the femoral head, inflammatory dis-
eases, and dysplasia [1–9]. In the case of dyspla-
sia, there is static overload over a small area of 
acetabular surface which leads to early degenera-
tive changes in the hip joint, especially in the 
anterior region of the acetabulum [6–9].

There is a distinct group, nonetheless, one 
in which early osteoarthritis ensues even 
though they do not belong in any of the afore-
mentioned groups. For these the cause of 
arthritis has remained unclear for years, and it 
was deemed as idiopathic osteoarthritis [10]. 
As early as 1976, Solomon claimed that <10% 
of osteoarthritis was idiopathic [9]. Ganz et al. 
[11] first coined the term femoroacetabular 
impingement to describe a condition in which 
subtle morphological changes in either the ace-
tabulum of the femur or both under stresses 
over the physiologically tolerable would lead 

to damage in the labrum and cartilage leading 
to early arthritis. Ganz also claimed that arthri-
tis would be attributed to anatomic abnormali-
ties in over 90% of the cases [12]. However, 
this view that FAI may lead to arthritis is not 
shared by all authors.

Femoroacetabular impingement as defined by 
the US National Library of Medicine is a clinical 
entity in which a pathological mechanical pro-
cess causes hip pain when morphologic abnor-
malities of the acetabulum and/or femur, 
combined with vigorous hip motion (especially 
at the extremes), lead to repetitive collisions that 
damage the soft tissue structures within the joint 
itself. So, there must be an anatomical abnormal-
ity, excessive motion which leads to abnormal 
contact between the acetabulum and femur, 
repetitive traumatic motion, and soft tissue dam-
age. These can lead to pain defining the syndrome 
femoroacetabular impingement.

20.2.1	 �Mechanism and Types 
of Femoroacetabular 
Impingement

Stulberg et  al. [3] first described the pistol grip 
deformity of the proximal femur (head and neck) 
which in their opinion would lead to early-onset 
osteoarthritis.

It was, however, Ganz et  al. [11] who theo-
rized over the mechanisms that would produce 
early degenerative changes.

Bedi et al. [13] showed that athletes with FAI 
exhibited larger amounts of biomarkers of carti-
lage degradation than a control group.

There are two main types of FAI: cam type 
and pincer type. However, most of the times, a 
coexistence of both mechanisms seems to occur.

20.2.1.1	 �Cam-Type Impingement
In this type of FAI, prominence of the anterolat-
eral head and neck junction leads to abnormal 
contact with the acetabulum with motion espe-
cially flexion and internal rotation which will lead 
to chondral damage as well as tears in the chon-
drolabral junction and separation of the labrum. 
These changes often occur in the anterolateral 
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labrum and acetabulum [11, 14–16]. This is called 
cam-type impingement. In this type of impinge-
ment, the anatomical change occurs in the head 
and neck junction which leads to an increase in 
the alpha angle (Fig. 20.1). An angle over 55° is 
considered abnormal [15, 17]. In 2015, Wright  
et al. [18] concluded that an increase in the alpha 
angle is the only prognostic factor associated with 
the development of early osteoarthritis and labral 
tears.

The repetitive entering of the cam lesion on 
the hip joint results in cartilage injuries that can 
be as deep as 2 cm. With time, the femoral head 
can migrate into the defect.

These changes are more typical in young male 
adults, especially athletes. Males participating in 
certain sports appear to be at an increased risk for 
arthritis [19–27]. The current evidence supports 
the increased risk of cam deformity in athletes in 
hockey, basketball, and other jumping sports. 
Repetitive axial loading (jumping) or hip flexion 
(squatting) may stimulate anterolateral extension 
of the physis that ultimately results in bony over-
growth of the cam deformity.

20.2.1.2	 �Pincer-Type Impingement
On the other hand, pincer-type impingement is 
defined as an overcoverage of the anterior  

a b

c d

Fig. 20.1  Cam-type impingement. (a) Cam deformity as 
seen on CT scan; note prominence of anterior femoral 
neck (arrow); (b and c) cam deformity best evidenced on 

axial view (α where alpha angle can be measured); (d) 
cam-type deformity on arthroscopy showing chondral 
injury on impingement site
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acetabulum, which with motion leads to abnor-
mal contact between the acetabular rim and a 
normal femoral head and neck which leads to 
labral damage and eventually chondral damage. 
It is more typical of middle-aged women who 
participate in athletic activities. This type of 
impingement can derive from conditions such as 
coxa profunda or acetabular retroversion [4, 28, 
29]. Labral damage is initially low; however with 
repeated contact, degenerative changes ensue 
with ganglion formation and rim ossification 
which in turn lead to further deepening of the 
acetabulum and worsening of the overcoverage. 
The levering of the femoral neck on the rim will 
lead to contact between the head and the postero-
inferior acetabulum creating a countercoup lesion 
[12, 30].

20.2.1.3	 �Extra-articular Impingement
These are a variety of disorders which cause pain 
in the nonarthritic young patient especially in 
athletes.

Psoas impingement is first described by 
Heyworth in 2007 [31]. It is characterized by labral 
tears in the anterior region (3 o’clock position) of 
the acetabulum which is not typical of FAI.  He 
noticed that by releasing the iliopsoas tendon, there 
would be an impingement-free range of motion. As 
supported by further studies, a tight iliopsoas ten-
don is responsible for anterior labrum tears.

Subspine impingement occurs between a 
prominent anteroinferior iliac spine (AIIS) and 
the femoral neck with extreme flexion [32, 33]. 
This prominence is associated with AIIS avulsion 
injuries which consolidated in inferior position.

Ischiofemoral impingement occurs because of 
a narrowing of the ischiofemoral space [34] with 
resultant impingement of the lesser trochanter on 
the ischial tuberosity.

Greater trochanteric pelvic impingement 
(GTPI) is generally a sequela of Perthes disease 
and takes place in extremes of abduction [35].

20.2.2	 �Other Dynamic Causes 
of Hip Pain

Other dynamic causes of hip pain which must be 
considered when dealing with young adults with 

hip pain include true acetabular retroversion in 
which the anterior wall of the acetabulum is 
prominent while the posterior is shallow creating 
an anterior impingement in flexion, femoral ret-
roversion which diminishes internal rotation [35, 
36], and femoral varus which results in GTPI.

These conditions must be taken into account 
when dealing with the young adult with com-
plains of hip pain once the treatment may be 
quite different.

20.3	 �Epidemiology

It is difficult to establish the true epidemiology of 
FAI. In fact, it is difficult, in the arthritic popula-
tion, to distinguish pre-arthritic changes that might 
have led to arthritis from those secondary to arthri-
tis itself. In fact, even in the young, there are many 
asymptomatic people who exhibit morphological 
abnormalities associated with FAI.  Reichenbach 
et  al. [37] reported on asymptomatic military 
recruits with a mean age of 19.9 years old in whom 
cam-type deformity is present in 24% of them. 
The same author, in a different study [38], also 
showed that the presence of cam deformity in 
asymptomatic hips was associated with magnetic 
ressonance imaging (MRI) evidence of labral 
lesions and herniation pits as well as a decrease in 
acetabular cartilage width. Hack et al. [39] showed 
a presence of imaging changes associated with 
FAI in 14% of asymptomatic people.

Frank et  al. [40], in 2015, did a systematic 
review on prevalence of FAI imaging findings in 
asymptomatic volunteers. They showed that the 
cam-type deformity was present in 37% subjects 
and that the pincer type was present in 67% of 
subjects even though pincer-type deformity was 
more heterogeneously defined. The average alpha 
angle was 54° which is the borderline abnormal. 
Also, there was a 3:1 ratio in cam-type deformity 
when comparing athletes with nonathletes.

In particular, the athletic population seems to 
be particularly at risk of developing imaging 
characteristics of FAI as well as symptomatic 
impingement. There has been a great amount of 
work being done here. Nepple et al. [41] showed 
that, in the National Football League, players 
who have been previously evaluated for groin 

A. Sarmento et al.



231

pain have evidenced signs of FAI in 94.3% of the 
players, most of the times mixed-type impinge-
ment. Also, males participating in certain sports 
activities show a higher probability of osteoar-
thritis later in life [19, 27]. Siebenrock et al. [42, 
43] showed significantly greater prevalence of 
cam deformity (alpha angle >55) in elite basket-
ball players (89%) compared with controls (9%). 
Philippon et  al. [44] reported on a significantly 
higher prevalence of cam deformity among 
hockey players (75%) compared with skiers 
(42%). Agricola et al. [45] investigated elite foot-
ball players and found a nonsignificant increase 
in prevalence of cam-type deformity in football 
athletes (26%) compared with controls (17%), 
whereas Johnson [46] did not show statistical dif-
ference between football players and control 
groups in both female and male population. In 
this way, there is a clear association between par-
ticipation in sports activities especially basket-
ball, hockey, and other jumping sports and the 
development of cam-type deformity. These sports 
might be linked to at-risk positions for stress to 
the proximal femoral physis [21, 24, 27, 47]. It is 
suggested that repetitive axial loading (i.e., jump-
ing) or hip flexion (i.e., squatting) can stimulate 
anterolateral extension of the physis that ulti-
mately results in bony overgrowth of the cam 
deformity.

Current literature shows a clear increase in 
prevalence of radiographic signs associated with 
hip impingement in athletes participating in high-
intensity sports in adolescence, namely, cam-type 
impingement. Cam-type impingement is particu-
larly associated with the development of labral 
and chondral injuries and the development of 
early arthritis. However, we cannot say at this 
time that engaging in sports will increase the like-
lihood of symptomatic hip disease or arthritis.

20.4	 �Clinical Features 
and Physical Examination

As previously stated, FAI imaging abnormalities 
will not suffice in making the diagnosis and treat-
ing the patient because these are very common in 
the general population. There must be a clear cor-
relation between clinical picture and imaging 

before initiating the endeavor of treating an ath-
lete suspected of suffering from FAI-related 
disability.

In order to evaluate the hip, one must be aware 
that there are many causes of groin pain both aris-
ing in the musculoskeletal system and in visceral 
organs. On the other hand, the athlete should be 
evaluated for coexisting disease, compensatory 
disease, or coincidences.

Coexisting diseases are common such as lum-
bar pathology where pain can be referred to but-
tocks or trochanteric region or athletic pubalgia 
with pain referred to the groin area. Athletic pub-
algia and intra-articular problems coexist often 
[48, 49]. Increase pelvic motion puts greater 
stress in stabilizing structures. Athletic pubalgia 
is more associated with pain on palpation of the 
pubic rami, adductor, and rectus abdominis inser-
tions and should not be aggravated by hip range 
of motion but by coughing or performing 
sit-ups.

As for compensatory diseases, athletes com-
pensate for their joint disease in overloading sur-
rounding hip structures leading to gluteal fatigue, 
trochanteric bursitis, and abductor pain or tears. 
These secondary pathologies have its origin, 
most of the times intra-articularly.

As for incidental findings, a snapping of the 
iliopsoas tendon is present in 10% of the popula-
tion [50], and an asymptomatic one should not be 
confused with one that causes labral tears or even 
should not be treated in case of labral tears caused 
by conditions other than the snapping itself.

Pain in FAI usually begins gradually. Athletes 
might recall an inciting event, but most of the 
times there is not one. In one study [51], there was 
an average of 29.6 months between the onset of 
symptoms and surgery. Poor flexibility is usually 
present, but oftentimes it is not a problem because 
they can be compensated by lumbar or pelvic 
hyper mobility. Pain is usually located in the 
groin and radiates to the medial thigh. Athletes 
can exhibit the C sign of Byrd [52] with the hand 
cupped around the greater trochanter and grip-
ping the fingers to the groin. Pain is worse with 
turning, twisting, pivoting, and ascending and 
descending inclined surfaces. Pain also aggra-
vates with maximal flexion, and extending from 
this position is also uncomfortable. With 
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advanced degenerative changes, symptoms may 
become constant. Snapping and clicking are also 
present in 25% of the patients operated for FAI 
[51].

Physical examination should begin on the 
standing position looking for pelvic asymme-
try, spinal deformity, or limb length discrepan-
cies. Gait should be evaluated. At least three to 
four walking strides should be visualized in 
order to distinguish normal gait from an antal-
gic one (generally with shorter steps) or a 
Trendelenburg-type gait because of abductor 
insufficiency [53]. Also, the patient should per-
form the single stance test whereby he stands 
on the affected leg and holds the other leg in 
about 45° hip flexion and 45° knee flexion. A 
positive test is a drop or shift on the contralat-
eral pelvis of more than 2 cm.

Much of the exam takes place in the supine 
position.

Palpation of anterior and lateral structures can 
be performed as the anterior iliac spines, pubic 
symphysis, adductor tubercle, inguinal and 
abdominal regions as well as the trochanteric 
region.

ROM is evaluated. Internal and external rota-
tions are measured with the hips at 90° of flexion. 
It can also be performed in the sited position 
where pelvis is stabilized at the ischial tuberosity. 
ROM should also be measured in the prone posi-
tion and thus alter relative contributions of the 
ligamentous structures – flexion relaxed the ilio-
femoral ligament, but the main contributor to 
internal rotation is the ischiofemoral ligament 
[54]. ROM is dictated by a firm end point or pain. 

Several provocative maneuvers can be per-
formed. The dynamic external rotatory impinge-
ment test (DEXTRIT) is executed by instructing 
the patient to hold the contralateral leg eliminat-
ing lumbar lordosis and taking the affected leg to 
90° and beyond and moving it through an arc of 
external rotation and abduction. The dynamic 
internal rotatory impingement test is similar 
except for the arc which is done in adduction and 
internal rotation. Both tests are positive with rec-
reation of the patient’s pain. The flexion/abduc-
tion/external rotation test (FABER) or Patrick 
test can elicit lumbar, sacroiliac, or posterior hip 

pain. The straight leg raise against resistance test 
(RSLR) also known as the Stinchfield test [55] 
evaluates flexors of the hip, namely, the iliopsoas 
and intra-articular problems. The passive supine 
rotation test (log roll) [52] assesses rotation of 
both hips noting differences of guarding and lax-
ity. Pain or locking can elicit intra-articular or 
extra-articular pathology. The flexion/adduction/
internal rotation (FADDIR) tests or impinge-
ment test [56] can be performed in the supine or 
lateral position. The affected leg is brought to 
90° flexion, adduction, and internal rotation. 
Again, reproduction of the patient’s pain indi-
cates a positive test.

The lateral exam allows for inspection and pal-
pation of the lateral structures (trochanteric 
region) as well as posterior iliac spines, iliac wing, 
and ischial tuberosity. Special tests can be per-
formed as well. In the passive adduction tests, the 
examiner stands behind the patient and assesses 
adduction with the knee and hip in extension 
(contraction of the tensor fascia lata), with the hip 
in extension and the knee at 45° (contractures of 
the gluteus tendons), and with the hip in flexion, 
the knee in flexion, and the shoulders against the 
table (gluteus maximus contracture).

In the prone position, palpation of the poste-
rior structures is possible, and the femoral neck 
version can be assessed with the Craig test [55]. 
The limb is rotated so that the lateral prominence 
of the greater trochanter is maximal. The angle 
between the leg (tibia) and a vertical line is indic-
ative of femoral anteversion. ROM can also be 
assessed as well as contractures of the flexors by 
passively extending the hip.

Philippon et  al. [51] showed that patients 
operated on by FAI had less mobility in all plains 
of motion versus the contralateral leg. Flexion 
was the more affected with a 9° side to side dif-
ference. The impingement test was present in 
99% of patients. Abnormalities in the FABER 
test were also noted in 97% of the patients.

However, it must be noted that although most 
of these tests are quite sensible for hip pathol-
ogy, their specificity is low. In a systematic 
review, Tijssen et al. [57] included 21 studies to 
evaluate their validity. All studies were either 
level IV or V. Many of the tests were object of 
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previous studies, but results showed there was a 
lack of diagnostic accuracy. The authors found it 
difficult to interpret results as the variation of 
populations was high as well as there was a bias 
in population selection. In this way there was 
heterogeneity of results. For instance, the sensi-
tivity of the anterior impingement test’s varied 
from 0.59 to 0.99 and for the FABER test from 
0.41 to 0.97. Also the positive predictive value 
and negative predictive values obtained are not 
applicable once the populations studied were at 
high suspicion of disease or even had labral tears 
and FAI confirmed and were not the general pop-
ulation. Burgess et  al. [58] also concluded that 
there is too little information to draw a conclu-
sion for clinical practice. Leibold et  al. [59] 
referred that a negative result in the anterior 
impingement test, the flexion adduction axial 
compression test, and the Fitzgerald test  
provided the clinician confidence that labral 
pathology was absent. There is, however, to date, 
little evidence pertaining the accuracy and valid-
ity of most of the abovementioned tests.

20.5	 �MCDTs for Radiographic 
Evaluation

For athletes with suspected FAI, a true AP view 
of the pelvis and a lateral radiograph of the hip 
should be obtained. In the AP view, the coccyx 
should point to the symphysis with a distance of 
1–2  cm between them, and obturator foramens 
should be symmetrical so that there is no rotation 
or pelvic tilt. It is of the upmost importance to 
obtain the adequate projection once variations in 
pelvic tilt can change our ability to ascertain ace-
tabular version and coverage.

In the AP projection, the joint space, impinge-
ment, overcoverage, and other bony alterations 
that can be present are evaluated. Overcoverage 
of the anterior acetabulum is suggested by the 
crossover sign (the anterior wall of the acetabu-
lum crosses the posterior wall) (Fig. 20.2) which 
should be distinguished from global overcover-
age and acetabular retroversion indicated by the 
posterior wall sign (the posterior wall does not 
reach half of the femoral head).

The sphericity of the femoral head should be 
evaluated in both the AP view as well as the lat-
eral view which can be the 40° Dunn view or the 
frog lateral view. Both seem adequate in assess-
ing the cam lesion [60, 61]. Herniation pits can 
be present at the head and neck junction indicat-
ing FAI.  X-rays are extremely useful, but they 
depict a two-dimensional image when we are 
dealing with three-dimensional deformity.

Computed tomography (CT) scans can be used 
to further evaluate osseous anatomy at which it is 
much better than other imaging modalities. CT 
scans enable visualization of an os acetabulum oth-
erwise not visible on MRI and can determine the 
degree of joint narrowing. Two-dimensional images 
obtained by CT scan underestimate the size of the 
cam lesion once it is necessary to bisect the apex of 
the lesion. So three-dimensional CT images are 
best to ascertain the morphology of the lesion both 
in the acetabulum providing additional informa-
tion. In this way CT scans provide additional infor-
mation as to the amount of resection necessary if 
surgical treatment is planned and for this reason can 
be an invaluable tool for preoperative planning.

MRI is a necessary exam when dealing with 
FAI and labral tears. High-resolution small-field 
images are necessary requiring at least a 1.5 T 
magnet with surface coils [62]. There is high sen-
sitivity with conventional MRI to detect labral 
tears, but the ability to detect intra-articular carti-
lage damage associated with FAI is poor. If labral 

Fig. 20.2  Pincer-type impingement. Pelvis X-ray on AP 
views.  Here, joint space and bone anomalies are evalu-
ated. Focal (anterior) overcoverage is evidenced by the 
crossover sign evidenced on the left hip (blue arrow)
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pathology is present, there is likely articular dam-
age associated. Increased signal on T2-weighted 
images in anterior acetabulum wall is suggestive 
of articular damage. Also, increased activity within 
the herniation pit in the femoral neck may be asso-
ciated with degenerative disease secondary to cam 
impingement. A paralabral cyst is pathognomonic 
for labral pathology, whereas subchondral cysts 
usually indicate articular pathology (Fig. 20.3a).

Also, MRI can be used to better define the 
alpha angle. This was first described by Notzli 
et al. [14] as the angle between a line from the 
center of the femoral head to the middle of the 
femoral neck and a second line between the cen-
ter of the femoral and the point where the contour 
of the head and neck junction exceeds the radius 
of the femoral head. An angle over 55° is consid-
ered abnormal [17].

MRI can be performed as well with arthrogra-
phy, whereby intra-articular contrast (gadolinium 
diethylenetriamine pentaacetate) is injected under 
fluoroscopy prior to image acquisition. MRI arthro-
grams (Fig. 20.3b) are very sensitive and specific 
for detecting labral tears and chondral injuries, but 
they lack the ability to detect undetached chondral 
separations [63]. A normal separation between the 
rim and the labrum can be evident which is differ-

ent from a tear because its margins are smooth and 
it lacks the interdigitation of labral tissue. Anterior 
labral tears are more common.

Magnetic ressonance arthrography (MRA) 
has disadvantages as contrast injection does not 
allow for evaluation of effusion and can masquer-
ade signal changes on osseous structures, so, ide-
ally, sequences should be obtained prior and after 
contrast administration.

MRA also allows injection of a long-lasting 
anesthetic agent into the joint. The temporary relief 
of pain is a much important information as to 
whether the complaints actually come from inside 
the joint. If there is no pain relief, other causes for 
pain should be sought, once a poor relief of pain 
with surgical treatment for FAI can be expected [64].

Biochemical T2 mapping and dGEMRIC have 
been shown to improve accuracy in detecting 
chondral damage [65–68].

20.6	 �Nonsurgical Treatment

Pain in an athlete with FAI must be taken into 
consideration cautiously as it can be a sign of 
progressive articular damage. Many athletes 
exhibit great tolerance to pain, and this can 

a b

Fig. 20.3  MRI imaging in FAI. (a) MRI paralabral cyst which is indicative of a labral tear (yellow arrow); (b) MRI 
arthrogram showing an increase in alpha angle and labral degeneration (red arrow)
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postpone the awareness of the situation and fur-
ther aggravate chondral damage.

It is, nonetheless, appropriate to perform a trial 
of conservative treatment initially, especially if 
symptoms are mild and stable. This includes 
activity modification which naturally includes 
restriction of athletic activities and nonsteroidal 
anti-inflammatory medications. For instance, 
squatting, which is part of most weight training 
programs associated with the majority of sports, 
can be quite deleterious for hips at risk and should 
be limited. Physical therapy aimed at improving 
range of motion and stretching is counterproduc-
tive as it exacerbates the impingement phenome-
non and can increase symptoms. Initially, 
treatment should be oriented toward avoiding 
position which causes symptoms to exacerbate. 
Movement errors should be addressed afterward. 
Progressive strengthening in movements that 
mimic the athletes’ activity is the final goal. This 
can be attained with several eccentric and concen-
tric exercises. A maintenance program is ensued 
next, and follow-up prior to sports resuming is 
advised.

However, because of the high activity level 
of football athletes and personal ambitions, 
such treatment regimen usually fails to control 
symptoms. There is limited data concerning the 
results of nonsurgical treatment for FAI. Emara 
et  al. [69] reported on 37 patients with cam-
type FAI (mild deformity – alpha angle <60°) 
who were treated conservatively. At 2 years, 
11% chose surgical intervention, and another 
16% had recurrent symptoms. The 89% patients 
who chose not to have surgery exhibited an 
improvement in the mean Harris Hip Score of 
19 points. Hunt et  al. [70] reported on 17 
patients treated conservatively  – 6 (35.3%) 
improved modestly but did not require surgery. 
Patients who required surgery were more active 
than the group who did not (p = 0.02). Long-
term results of patients treated conservatively 
are unknown.

Such patients, following conservative treat-
ment, should be monitored closely as continued 

FAI can further cause damage to the hip joint, 
and surgery could be warranted.

20.7	 �Surgical Treatment

The ideal candidate for FAI surgery is one who 
exhibits classical symptoms (activity-related pain 
in the inguinal region that radiates to the trochan-
teric region), compatible physical examination 
(diminished internal rotations, positive provoca-
tive maneuvers), and typical radiographic mor-
phology with concomitant labral tear on MRI and 
who failed conservative treatment and has a posi-
tive response to intra-articular anesthetic injec-
tion. Most of the times, not all these criteria are 
met. It is, in our view, imperative to exclude other 
causes for pain and to have positive response to 
intra-articular injection test.

The goal with surgical treatment is to address 
chondrolabral junction pathology as well as bone 
morphology abnormalities [11].

This can be achieved either through open  – 
surgical dislocation or miniopen – or arthroscopic 
approaches. Open surgical dislocation was the 
initial description by Ganz et  al. [71], whereas 
arthroscopic approach has gained recent popular-
ity [72]. Surgical approach can be dictated by 
patients’ characteristics and surgeon preference.

When dealing with cam-type deformity, the 
severity of the deformity is usually bigger on 
the anterosuperior head-neck junction which is 
easily accessible through arthroscopic 
approach. If this extends posteriorly to the reti-
nacular vessels, it is not accessible arthroscop-
ically to most surgeons. More complex 
proximal femur deformities can possibly be 
more easily corrected by open surgical 
dislocation.

The type of pincer deformity also dictates 
approach. Anterior overcoverage can be dealt 
with arthroscopic techniques. The amount of 
anterior and lateral resection should be noted pre-
operatively as not to create a dysplastic acetabu-
lum. True acetabular retroversion which implies 
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posterior undercoverage should be treated by an 
anteverting periacetabular osteotomy (PAO).

20.7.1	 �Open Treatment

20.7.1.1	 �Surgical Dislocation
Based on the detailed understanding of vascular 
supply to the femoral head (namely, the medial 
circumflex femoral artery and its lateral retinacu-
lar branches) and their protection throughout the 
procedure, the hip joint can be dislocated with 
minimal risk of necrosis. A trochanteric osteot-
omy is necessary but preserves muscular attach-
ments of the gluteus medius muscles and the 
vastus lateralis. This is mobilized anteriorly 
allowing full access to the hip joint which allows 
the correction of bone deformities as well as 
addressing labral and chondral pathology. When 
dislocating the joint, the ligamentum teres is sec-
tioned. Early studies showed moderate success as 
patients with arthritis were included. Ganz et al. 
[71] and Beck et  al. [73] reported on initial 
results. At mean follow-up of 4.7 years, good to 
excellent results were evident in 13 of 19 patients. 
Arthritic changes, Tonnis grade 2 or higher, were 
associated with poorer results. Peters et al. [74] 
reported on 30 patients at mean follow-up of 2.7 
years who improved their Harris Hip Score from 
70 to 87 points with a conversion to total hip 
replacement of 13.3%. Espinosa [75] showed the 
importance of preserving the labrum when find-
ing a rate of 28% excellent results in the group of 
simple debridement compared to 80% in the 
group where the labrum was fixed back to the 
acetabulum.

In athletes, Naal et  al. [76] reported 96% 
returning to competitive level at follow-up, 
whereas Novais et al. [77], in the adolescent pop-
ulation, showed pain relief and increased activity 
level, after surgical dislocation for FAI 
treatment.

Major complications are rare. Osteonecrosis 
has not been reported. Trochanteric nonunion can 
rise up to 3% [71, 73, 74]. Trochanteric pain is 
common but often mild [78]. There has been a 
recent concern about ligamentum teres pathol-
ogy. In fact, its reconstruction may be of clinical 

relevance. When performing surgical dislocation, 
an iatrogenic injury is performed. Once viewed 
as irrelevant, recently it has been demonstrated 
that instability symptoms may exist [79].

20.7.1.2	 �Miniopen Approach
An anterior approach through the Hueter’s inter-
val can be used to access the hip joint and effec-
tively treat FAI.  Ultimately, combination with 
arthroscopic tools is necessary to visualize the 
central compartment. In our view, it offers similar 
access to the arthroscopic approach and therefore 
can be used with the same indications by sur-
geons who are not trained in hip arthroscopy. 
There are numerous reports showing good results 
with this approach: Clohisy [80] showed a 
25-point improvement in HHS, and Laude [81] 
found a 29.1-point improvement. Lincoln [82] 
found a 12-point improvement and an increase on 
the range of motion. Anterior miniopen approach 
also showed high prevalence of returning to 
sports with low complication rate [83] and with 
short recovery time.

20.7.2	 �Arthroscopic Treatment

Michael Burman [84] first described hip arthros-
copy in 1931. Its widespread use in clinical prac-
tice begun only in the late 1970s. After the 
recognition of FAI, hip arthroscopy has evolved 
to address both femoral and acetabular morpho-
logical abnormalities, treating labral and chon-
dral disease as well as numerous periarticular 
conditions which can be treated by hip arthros-
copy. The limits of the deformities that can be 
corrected with hip arthroscopy continue unclear.

Hip arthroscopy is performed on traction 
table.

Typically two to three portals are used in hip 
arthroscopy: anterolateral, anterior or midante-
rior portal, and another accessory portal for 
anchor placement if necessary. The authors 
establishes an accessory anterolateral portal most 
of the time.

Some sort of capsulotomy is always neces-
sary. An interportal capsulotomy might be 
enough to treat most labrum tears and perform 
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femoral osteoplasty, but if the femoral defor-
mity is large enough, a longitudinal capsulot-
omy may be performed as well. Capsular 
management has been under scrutiny in recent 
years. Hip capsule has been established as an 
important static stabilizer of the hip [85]. In 
early days, most capsules were not closed, but it 
is believed that this could lead to microinstabil-
ity which can lead to further labral and chondral 
damage. So, presently, routine closure or placa-
tion of the capsule has been advocated by sev-
eral authors [86, 87]. Nevertheless, results have 
been conflicting which is evidenced by studies 

showing no clinical difference between groups 
where capsule was closed and others where it 
has not [88]. There might be, however, the need 
for capsular plication if symptoms of instability 
ensue [89].

Femoral osteoplasty can be performed next to 
acquire a normal femoral neck offset according 
to preoperative planning and preserving femoral 
head vasculature (Fig. 20.4a) [90]. Studies have 
shown that arthroscopic correction can be as 
accurate as open correction [91]. Care must be 
taken not to perform femoral cortical notching as 
this can diminish the resistance to fracture [92].

a b

c d

Fig. 20.4  Arthroscopic FAI treatment. (a) Impingement 
test intraoperative after femoral osteoplasty; (b) suture 
passing for labral refixation; (c) labral tear with chondral 

delamination (arrow); (d) chondral injury treatment using 
microfractures
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Under traction, acetabular trimming is con-
ducted to correct anterior and/or lateral overcov-
erage after labral detachment or not. Labral 
fixation (Fig. 20.4b) should be conducted as it is 
associated with superior results compared with 
simple debridement [75]. Chondral injury repair 
(Figs. 20.4c and 20.4d) is performed at this time 
which can vary from microfractures to fixation of 
chondral delamination with fibrin glue or chon-
drocyte transplantation.

After traction release, a verification of the 
absence of impingement is conducted. 
Radiographic intraoperative verification can be 
performed and can be used reliably [93].

Early outcomes for arthroscopic treatment of 
FAI reported success rates from 67% to 90% [94, 
95]. Reported rates of conversion to total hip 
arthroplasty were 0–9% [96]. Byrd [97] pre-
sented a series of 44 athletes who underwent hip 
arthroscopy for labral tears: mean follow-up was 
26 months. Most had labral tears (n  =  27) or 
chondral damage (n  =  23). Labral tears were 
addressed, but FAI was not. No statistical signifi-
cance was shown. Guanche [98] reported on 
labral debridement and no FAI treatment on eight 
elite runners. WOMAC score was 94 at follow-
up, and all returned to sporting activities. 
Recently, Philippon [99] reported on 45 athletes 
who underwent labral repair plus acetabular of 
femoral osteoplasty as necessary. Acetabular and 
femoral head chondral defects were managed 
either by chondroplasty or microfractures. 
Ninety-three percent were able to return to com-
petitive sports. All three patients did not have pre-
vious severe osteoarthritic changes. Saw and 
Villar [100] presented a series of football players. 
Labrum was resected to a stable margin with five 
of six players returning to sports. Larson and 
Giveans [101] reported on 100 hip arthroscopies 
(96 patients). Labral debridement or repair was 
performed as well as addressing femoral and ace-
tabular deformities. Patients with osteoarthritis 
Tonnis grade 3 were excluded. Outcomes were 
measured with the modified Harris Hip Score 
(MHHS) and SF-12. There was a significant 
improvement in all outcomes measured: 
(p < 0.01), MHHS (60.8 vs 82.7), SF 12 (60.2 vs 
77.7), VAS (6.74  cm vs 1.88), and positive 

impingement test (100% vs 14%). Complications 
included heterotropic bone formation (six hips) 
and sciatic nerve neuropraxia (one hip). 
Conversion to total hip arthroplasty occurred in 
three patients.

Amenabar and O’ Donnel [102] also reported 
on return to sports after hip arthroscopy for FAI 
in 36 Australian football players. At a mean of 
52.5 months after surgery, all but one returned to 
competitive sport with an improvement in the 
MHHS from 83.6 to 98 (p  <  0.05). Philippon 
et al. [103] evaluated the short-term return to play 
after microfractures were performed on high-
level athletes for chondral damage in a series of 
39 patients and compared them to a control group 
where no chondral treatment was deemed neces-
sary. There were 30 out of 39 in the microfracture 
group who returned to play at the same level, and 
79 out of 94 accomplished the same in the control 
group. They found no statistical difference in the 
short term.

Larson [104] evaluated patients with pubalgia 
symptoms associated with FAI and showed that 
addressing one pathology alone leads to a high 
rate of failure.

Cvetanovich et al. [105] researched on factors 
associated with revision hip arthroscopy and 
showed that undercorrection leading to persisting 
FAI was the leading cause.

20.7.3	 �Authors’ Preferred Method 
of Treatment

A correct surgical indication and an optimal sur-
gical technique are the keys for success.

It is possible to effectively correct the underly-
ing deformities and address chondrolabral junc-
tion pathology in the majority of case with hip 
arthroscopy, so the latter is our favorite method of 
treatment.

Arthroscopy has the theoretical advantage 
(unproven) of faster recovery and return to sport. 
It is certainly less invasive. Obviously, it is imper-
ative to recognize abnormalities that are not ame-
nable to arthroscopic corrections and deal with 
them in the correct manner (osteotomy or surgi-
cal dislocation).
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During arthroscopy, hypotensive anesthesia 
and an adequate fluid pump allow for good visu-
alization with low fluid pressure avoiding com-
partment syndromes or abdominal extravasation 
of fluid. Also, traction time should be kept at the 
minimum possible to avoid complications such 
as neurologic palsies in the inferior limb and 
pudendal nerve.

The author approaches the hip and performs 
an interportal capsulotomy followed by a longi-
tudinal limb if necessary (T-shape capsulotomy). 
The first author (AS) prefers approaching the hip 
from inside out, whereas the second author (CM) 
prefers to approach from outside in.

Correction of the deformities is carried out 
according to planning avoiding acetabular dys-
plasia and notching on the femoral neck but being 
careful not to undercorrect. Fluoroscopy can be 
used intraoperatively, but the author finds it sel-
dom necessary.

The authors perform capsule closure 
systematically.

A rehabilitation protocol is started in the fol-
lowing day with restriction on mobility (external 
rotation and extension to facilitate capsular heal-
ing) and weight bearing (diminishing the theo-
retical risk of femoral neck fracture) for 4 weeks 
after which rehabilitation is allowed to progress.

Return to sport is allowed on an individual 
basis and taking into account the practice sport 
but not before 3 months after surgery.

�Conclusion

Femoroacetabular impingement is a prevalent 
cause for hip and groin pain in athletes.

Diagnosis is challenging but with appropri-
ate care, treatment results can be excellent.
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21.1	 �Introduction

Femur fractures are a rare injury among players. 
They can be an easy to manage or devastating 
injury. They can be the result of two main causes: 
trauma or overuse.

21.1.1	 �Epidemiology

As femur is the strongest long bone in the human 
body, high-energy trauma will be needed for a 
fracture to occur. The distribution is not even in 
every player [1–3]. There is a relation to the age 
[4], the individual skills, and the environment. 
Match accounts for a higher incidence of lesions 
than training, probably because of the intensity 
differences. The second half or extension of a 
match is more related to injury, in relation to 
muscle fatigue. Reinjuries represent 12% of the 
total and are responsible for longer absence.

Femur fractures in children and young athletic 
population represent only 1% of all femur frac-
tures. They represent the first peak in incidence, 
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being elderly females with low-energy trauma 
the second and by far the greatest peak. Most of 
hospital admissions are from ages under 10, and 
there are only very rare traumatic fractures after 
the age of 14.

Overuse injuries occur at a rate of 19.9 per 
10,000 persons per year [5], but they are more 
frequent in players than in the general popula-
tion. That is the result of repetitive overload. 
Fracture results from a failed attempt of remod-
eling that is overcome by repetitive maximal 
load.

21.1.2	 �Differences Between Amateur 
and Professional Players

Amateur players do not have the same support in 
technical and health aspects. They neither have 
the same level of skills than professionals. These 
have constant medical support and benefit with 
both preventive action and optimized recovery. 
More skilled players will suffer less injuries [6]. 
Amateurs get injured most frequently during 
training sessions, and they have more severe [7] 
and recurrent injuries. Professionals get injured 
mostly during matches and less during training. 
Their injuries are less severe and are not as recur-
rent as for amateurs [8].

21.1.3	 �Age-Related Differences 
in Injuries

There are differences related to age in injuries 
[9]. Children’s skeleton is immature, and fracture 
is more likely to occur with lesser-applied force 
[10]. The growth plates may be involved, with 
potential for growth disturbance as a result. 
Children suffer different injury patterns and treat-
ment must differ from the adult’s. To respect 
bone structures, mainly the growth plates, it must 
be adapted in order to avoid further damage.

Healing also has unique features in children. 
Callus formation and remodeling are very fast 
because of abundant vascularity and biologi-
cally active periosteum. In the shaft, anatomic 

reduction is not necessary to recover pre-injury 
function. Only alignment must be corrected. 
Even residual deformities will disappear by 
remodeling.

21.2	 �Traumatic Fractures

Traumatic fractures of the femur are rare com-
paratively to other football injuries. Amateur 
players suffer them more frequently than profes-
sionals. That is due to poorer technique. Children 
also suffer more fractures than adults due to the 
immaturity of their skeleton.

21.2.1	 �Mechanisms of Injury

Fracture can be the result of a force applied 
directly or indirectly. It occurs when the bone 
fails to dissipate or transmit a force that is applied 
to it. Such force exceeds its elastic resistance 
causing it to break. Some patterns are more 
related to a particular mechanism: transverse 
fracture is characteristic of a bending force; spi-
ral fracture is related to twisting and oblique frac-
ture to compression. There can be combinations 
of patterns.

Soft tissues around the bone also suffer that 
trauma. Fracture is not just bone damage. That is 
why many complications can associate to the 
fracture: wounds, infection, muscle, nerve, and/
or vascular damage.

21.2.2	 �Diagnosis

Suspicion is fairly easy in the case of trauma. In 
fact, a fracture must always be ruled out. A good 
examination and imaging study are the best tools 
to have the diagnosis. It is important to under-
stand how the trauma occurred as it will allow to 
a better recognition of injuries and treatment.

21.2.2.1	 �Signs and Symptoms
Of course, some deformities and some exposure 
wounds will leave no doubt. But the most frequent 
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symptoms are acute pain and disability. Patients 
with proximal fracture will frequently present with 
shortening and external rotation. There will be no 
possibility to stand, walk, or even raise the limb.

21.2.2.2	 �Imaging Study
Most of fractures will be well defined using radi-
ography. Proper study is directed to the limb seg-
ment involved. In the case of the femur, the hip, 
the shaft, and the knee, at least two perpendicular 
incidences will be needed, but other incidences 
may be needed in the case of some particular 
fracture cases.

CT scan is the best to diagnose fractures but 
will be needed rarely for diagnosis. It may be of 
the utmost importance to define articular fracture 
and for surgical planning.

Scintigraphy and MRI will have only a place 
in practice to diagnose stress fractures that can be 
difficult to observe at the onset of symptoms.

21.2.2.3	 �Classification
A classification system is a tool that is supposed 
to help physicians to describe fractures, define 
their severity, plan and orientate the treatment, 
and establish some form of prognosis. For each 
fracture, the ideal classification would have all 
these features, would be easy to use, and would 
not be intra- and interobserver variable. For each 
segment of the femur, there are multiple fracture 
classification systems to help the physicians, 
although most are not ideal.

21.2.3	 �Associated Injuries 
and Complications

21.2.3.1	 �Shock
The femur is very vascularized. Blood loss result-
ing from a femur fracture can be up to 1.5 L. The 
need for transfusion is up to 40% [11]. In the case 
of an open fracture, bleeding can be even more 
important.

21.2.3.2	 �Vascular Trauma
Large vessels can suffer laceration and a massive 
blood loss may result. These are rapidly life-

threatening injuries. It is mandatory to apply 
some form of hemorrhage control, by direct pres-
sure, packing, or some kind of tourniquet. In 
addition to this, emergent repair or angiographic 
sclerosis must be performed. As there may be the 
problem of limb ischemia, revascularization must 
be performed under a maximum of 6 h.

Small vessels can be involved causing avascu-
lar necrosis (AVN). That is the case of the femo-
ral head in head and neck fractures. AVN will 
only have clinical manifestation months after the 
injury.

21.2.3.3	 �Deep Venous Thrombosis 
(DVT)/Pulmonary Embolism

This is more associated to the spine, pelvic, 
femur, and tibia fracture. The incidence can reach 
as high as 50%. Prophylaxis is indicated for 
femur trauma. The usual methods are compres-
sion and anticoagulation. With use of low molec-
ular weight heparins, the incidence of DVT 
diminished to a rate of 11% [12].

21.2.3.4	 �Fat Embolism/Acute 
Respiratory Syndrome

The medullary canal is filled with bone marrow 
and fat. Fat can enter the bloodstream and create 
emboli that get trapped in the pulmonary vessels. 
Depending on the amount of pulmonary tissue 
excluded from circulation and therefore from gas 
exchange, the patient can be asymptomatic or 
suffer mild to severe respiratory distress.

21.2.3.5	 �Soft Tissue Damage
Open fractures have a great risk of necrosis and 
infection. That is directly related to the size of 
the wound and to the associated soft tissue 
injury. Open fracture wounds need debridement, 
dressing, and antibiotics. To help the healing, 
there may be the need for hyperbaric oxygen, 
vacuum-assisted closure, and/or reconstructive 
surgery.

Soft tissue injury may be less apparent but 
explains healing problems or delay related to 
high-energy trauma. Gustillo and Anderson [13] 
have developed a classification system that 
relates the kind of damage to the skin, the con-
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tamination, and the necrosis in the wound to the 
prognosis. Tscherne classification of closed 
fractures also indicates the severity grade of soft 
tissue injury.

21.2.3.6	 �Nerve Injury
Nerve damage is rare associated to femur fracture 
[14, 15]. Only in the case of fracture-dislocation 
of the femoral head, there is a 10% of sciatic 
nerve trauma [16].

21.2.3.7	 �Compartment Syndrome
The thigh contains three compartments: anterior, 
posterior, and adductor. Bleeding and edema 
cause the interstitial pressure to rise and cause 
vascular occlusion and ischemia to the muscles 
and the nerves.

The earliest sign is pain with passive stretch. 
A clinical suspicion can be verified using a device 
to measure the compartment pressure. It should 
not exceed 30 mmHg above the diastolic blood 
pressure. Late findings are paralysis and the 
absence of pulse. Long-term morbidity is present 
in 50% of cases with pain, decreased knee flex-
ion, myositis ossificans, sensory deficits, and/or 
decreased strength.

Early diagnose and treatment with fasciotomy 
are the only possibility against irreversible dam-
age to the muscles and nerves.

21.2.4	 �Specific Femur Fractures

21.2.4.1	 �Head Fractures
They are almost always associated to hip disloca-
tion. The mechanism of injury is an axial load or 
avulsion by the ligamentum teres.

Being articular surface fractures, they need 
anatomical reduction and stable fixation. Because 
of the head’s vascular anatomy, there is a risk of 
necrosis. The Pipkin classification states that 
fractures below the fovea have better prognosis. 
Fractures above the fovea or associated to neck 
fracture or dislocations have worse prognosis 
[17]. Indications for surgery are irreducible dislo-
cation, displaced fracture, articular incongru-
ence, and intra-articular loose fragment. The 
results are good to excellent in 47–83%. Late 

complications are AVN in 3–19% and osteoar-
thritis in 3–31% of the patients.

21.2.4.2	 �Neck Fractures
In the young, these usually are the result of axial 
loading. The morphology is more frequently ver-
tically oriented, making them unstable. The soft 
tissue damage is usually greater because of the 
high energy involved. They can be present in 
3–6% of femoral shaft fractures and therefore can 
be misdiagnosed.

Femoral neck fractures have a high risk of 
avascular necrosis, which is related to the stabil-
ity and displacement of the fracture, as described 
by Garden (Fig. 21.1).

No matter how displaced the fracture, it is 
worth an osteosynthesis at these ages. The 
reduction, if needed, can be performed in an 
open or closed approach. Leadbetter has 
described the maneuver for closed reduction. It 
should be tried only once, in the operating room. 
It is performed under traction and by applying a 
sequence of flexion-adduction-extension-inter-
nal rotation. Open reduction is accomplished 
through anterior approach to preserve the 
vessels.

The most recommended type of fixation is 
compression screws (Fig. 21.2).

It has been demonstrated [18, 19] that they 
offer a lesser risk of failure when technique is 
well observed. Being intracapsular fractures, 
there is a great risk of pseudarthrosis. That can 
only be avoided with good anatomical or valgus 
reduction and stable compressive fixation. The 
screws need to be placed without any risk of 
vascularization damage by rotation of the fem-
oral head and ideally in a number of 3. Varus 
fixation is related to postoperative displace-
ment. Observing good technique is of utmost 
importance, for resistance to cyclic shearing 
forces. Entry point should be at or under the 
lesser trochanter level. Screws should stay 
5  mm from chondral surface but should enter 
the denser subchondral bone. They should be 
placed near the cortical in the neck for increased 
stability.

The risk of AVN is 3–20%. Capsular decom-
pression is to be considered.
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Fig. 21.1  Garden classification

Fig. 21.2  Neck fracture from a fall during match in a 37-year-old professional goalkeeper. Treated with cannulated 
screws (Images from preop and 9-month post-op)
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21.2.4.3	 �Pertrochanteric Fractures
The most frequent are intertrochanteric, but there 
can be fractures affecting only one trochanter 
(Fig. 21.3).

These extracapsular fractures do not put the 
femoral head vessels at risk and usually have a 

low risk of pseudarthrosis because they involve 
mostly cancellous bone. There are many classi-
fication systems, but the most important aspect 
is to determine if a fracture is stable or not. 
Evans classification describes progressive insta-
bility of intertrochanteric fractures (Fig. 21.4).

Fig. 21.3  Greater trochanter fracture from collision and forced abduction against resistance in a 27-year-old profes-
sional player (Images from preop and post-op)

Fig. 21.4  Evans transtrochanteric fracture classification
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The usual types of fixation are sliding screw 
plates or nails (Fig. 21.5). Both have good results. 
The former have the need for more soft tissue dis-
section and are related to more blood loss during 
surgery but allow for intraoperative reduction of 
displaced fractures. Nails are placed closer to the 
mechanical axis and have smaller bending 
moments; they are associated to lesser blood loss 
during surgery, but they need a good closed 
reduction on the fracture table to ensure a good 
result.

21.2.4.4	 �Subtrochanteric Fractures
Subtrochanteric fractures are considered difficult 
to treat. The iliopsoas exerts a strong force that 
displaces the fracture in the three planes. This 
makes it more challenging to reduce and realign. 
The treatment often requires the combination of 
transtrochanteric with shaft fixation methods.

21.2.4.5	 �Shaft Fractures
Shaft fractures are the most frequent femur frac-
tures in players, especially under the age of 20. 
They are associated to significant blood loss, and 
they need immediate stabilization to avoid seri-
ous complications such as shock, fat embolism, 
and eventually death. Thomas splints, or other 
traction splints, are all temporary stabilization 
devices that can be used before definitive treat-

ment. External fixation is recommended for open 
fractures or in the case of a delay of internal fixa-
tion surgery, whatever the reason.

There are three main types of fractures: spiral, 
oblique, and transverse. They can present with 
variable degrees of comminution.

Being extra-articular fractures, they do not 
need anatomical reduction, just alignment and 
rotational deformity restoration. They will bene-
fit from stable relative fixation, which allows for 
micromotion, such as nailing. This is probably 
the best choice of treatment (Fig. 21.6).

Using plates is an alternative, but they imply 
more tissue aggression. They should be placed as 
bridge plates to avoid losing the hematoma and 
the biologic local response to bone fracture. If 
used, they should be used percutaneously as an 
ideal procedure.

Open fractures need a different approach. The 
need for early stabilization remains the same. 
Surgical debridement is mandatory. Reaming of 
the medullary canal is not recommended, and 
internal fixation may need delaying for better 
local and skin conditions.

21.2.4.6	 �Supracondylar, Intercondylar, 
and Unicondylar Fractures

These are discussed in the chapter related to knee 
fractures.

Fig. 21.5  Transtrochan 
teric fracture fixation 
with dynamic screw 
plate and nail
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21.2.5	 �Rehabilitation

Physical therapy is focused on early mobilization 
and gait resumption. A program will begin in 
immediate postoperative period.

In the first 4 weeks, many modalities can be 
used. Faradic stimulation will help in pain man-
agement, swelling control, and muscle reeduca-
tion. Gentle passive mobilization, active 
isodynamic, and isometric exercises of the 
muscles around the hip, knee, and ankle can 
begin: stretching of the hamstrings, gastrocne-
mius, and soleus; strengthening of the quadriceps; 
straight leg raise in four planes; ankle dorsiflex-
ion; and plantar flexion, eversion, and inversion.

In the second phase (4–8 weeks), there will be 
progress in strengthening exercises, balance, and 
proprioceptive and gait retaining activities. For 
this, the criteria for progression are minimal effu-
sion, 50% weight bearing, and fair grade strength 
of hip abductors and quadriceps. Fitting with sta-
tionary bicycle and pool therapy can begin.

After 8  weeks, progressing is depending on 
full weight bearing without assistive devices, no 
effusion, and strength of the hip abductors and 
quadriceps. Strengthening exercises gradually 
increase in effort and resistance. The same hap-
pens for balance, proprioception, and gait train-

ing activities. Fitness condition exercises 
gradually progress to regain pre-injury state. This 
can take up to 18 weeks.

21.3	 �Fractures in Children

Most of sport-related lesions in children are minor 
and self-limiting. So, children and youth sports 
are safe. But fractures may occur. Femur fractures 
are the least seen among others. This is related to 
the amount of energy necessary to cause fracture. 
It is, after all, the strongest of bones.

Risk factors are training in poor environment, 
improper footwear, and improperly supervised 
high-resistance training [20]. Although boys are 
predominant in football, it is the leading sport for 
injuries in girls. Amenorrheic anorectic females 
are at risk due to reduced bone density. To help 
reduce the risk of injury, cross-training and grad-
ual schedule changes are good practices.

21.3.1	 �Children’s Bone

There are many differences between children and 
adult bone healing. Because of a more biologi-
cally active periosteum, bone healing is faster. 

Fig. 21.6  Shaft fracture in a 32-year-old female professional resulting from direct blunt trauma during match (Images 
of preop and post-op)
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Callus forms rapidly and there is a great potential 
for remodeling. Deformities resulting from mal-
union will often disappear with remodeling, 
excepting for rotational deformity. That means 
anatomic reduction is not necessary, and other 
forms of treatment are possible.

There are problems exclusive to children, 
such as overgrowth, causing limb length dis-

crepancy. Deformities resulting from fractures at 
ossification centers or growth plates will prog-
ress with age. In growth plate trauma, some sort 
of growth disturbance might be expected, such 
as limb length inequality or angular deformity.

Salter and Harris have proposed a classification 
system that relates patterns of fracture with the 
risk of complications to the growth (Fig. 21.7).

I II III

IV V

Fig. 21.7  Salter-Harris classification
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Treatment can be conducted conservatively in 
many cases. When surgery is needed, it must be 
modified to avoid injury to ossification centers 
and growth plates.

21.3.2	 �Fractures of the Diaphysis

Femoral shaft fractures account for 1–2% of all 
pediatric fractures.

Because of the great remodeling potential 
children have, there is a place for conservative 
treatment. As long as there is no rotational defor-
mity, the bone will heal well in the vast majority 
of the cases. Deformity resulting from malunion 
of displaced ends and limb length discrepancy 
will recover by remodeling. But that potential for 
full recovery decreases with age, and surgery will 
become necessary for comfort, to help faster 
mobility, and to avoid bad outcome.

Overgrowth after a fracture, causing length 
discrepancy, is a rare complication.

21.3.3	 �Fractures Through the Growth 
Plates, the Epiphysis, 
and the Apophysis

Growth plate injury can cause permanent and 
developing deformities. If growth stops at an 
entire growth plate, there will be a shortened 
limb. It will not grow as fast or as much as the 
contralateral. Or it may not grow at all. If the 
growth disturbance only affects a part of the 
growth plate, there will be an angular deformity. 
The affected part will be in the concave side of 
the deformity.

21.3.3.1	 �Traumatic Physeal Fracture 
of the Femoral Head

The femoral head represents less than 1% of all 
pediatric fractures.

The femoral head contributes for 30% of the 
length of the femur and 13% of the limb. Damage 
to the head causes shortening as well as articular 
damage.

The head is a structural weak area that can fail 
when subjected to strong shear forces.

21.3.3.2	 �Fracture Through the Greater 
Trochanter

The greater trochanter is a traction apophysis that 
contributes to the growth of the neck. Injury to 
this apophysis will cause it to be shortened and 
can cause coxa valga. Overgrowth will cause 
coxa vara and diminished distance between the 
trochanter and the joint.

21.3.3.3	 �Fracture of the Distal 
Epiphysis of the Femur

The distal epiphysis is responsible for 70% of the 
femur growth. Any disturbance in growth will 
produce a very important range of deformities.

21.3.4	 �Treatment

21.3.4.1	 �Proximal Fractures
They are classified according to Delbet:

•	 Type I (transepiphyseal)
•	 Type II (transcervical)
•	 Type III (cervicotrochanteric)
•	 Type IV (pertrochanteric)

All fracture types I and II and displaced frac-
ture types III and IV are best treated with internal 
fixation (pins, Kirschner wires, or preferably can-
nulated screws) to prevent malunion and non-
union. Although there is still debate on the subject, 
some advocate capsulotomy to evacuate hema-
toma and reduce the risk of avascular necrosis.

21.3.4.2	 �Shaft Fractures
As proposed by Greene [21], the algorithm of 
treatment would be based on the age, stability, 
and severity of the trauma (Table 21.1).

21.3.4.3	 �Distal Fractures
Anatomic reduction is very important for a 
good result. All displaced fractures should be 
treated operatively and stabilized with fixa-
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tion. Undisplaced fractures have a consider-
able risk for displacement, and surgery is 
advised.

21.3.4.4	 �Postoperative Management
A cast or a splint is necessary to protect and add 
stability to hip fractures, flexible nailing of the 
shaft, or to distal fractures.

Partial weight bearing is allowed after 
2–3  weeks. Percutaneous pins or wires can be 
removed after 4  weeks. Casts can be removed 
with clinical and radiologic evidence of bony 
union.

21.4	 �Stress Fractures

21.4.1	 �Pathophysiology

Stress fractures account for 2% of all injuries in 
football. For example, 9 of the 24 players in US 
1994 World Cup team have a history of stress 
fracture [22]. Femur stress fractures occur due to 
fatigue [23] and have a completely different 
pathophysiology than insufficiency fractures. 
Fatigue results in repetitive overload of the 
healthy bone with normal elastic resistance.

In response to repetitive load, microdamage 
occurs [24], and the bone attempts to remodel. 
Osteoblasts start producing new bone. Osteoclasts 
also participate in the process of remodeling. As 
loads become repetitive, multiple remodeling 

sites become active at the same time. As a result, 
bone resistance diminishes. The continuous addi-
tion of more microdamage sites ends with a crack 
and its propagation. Children can also have stress 
fractures.

Stress fractures should not be mistaken for 
pathologic fractures. Stress fractures occur in 
the healthy bone only. In insufficiency or patho-
logic fractures, normal stress causes damage on 
the bone with deficient elastic resistance. In that 
case, the bone is not healthy for some reason, 
and treatment should address not only the frac-
ture but also the underlying disease (nutritional 
deficit, endocrine disease, neoplastic tissue). In 
children, the most frequent causes are osteogen-
esis imperfecta, aneurysmal bone cyst, unicam-
eral bone cyst, non-ossifying fibroma, and 
generalized osteopenia due to neuromuscular 
disorders [25].

21.4.2	 �Risk Factors

In general, there are other risk factors: caloric 
restriction, decreased bone density, muscle weak-
ness, leg-length differences, genetics, female 
sex, white ethnicity, low body weight, lack of 
weight-bearing exercise, intrinsic and extrinsic 
mechanical factors, amenorrhea, oligomenor-
rhea, decreased testosterone level in males, inad-
equate calcium and caloric intake, and disordered 
eating.

Table 21.1  Children femoral shaft fracture treatment algorithm

Age Fracture Treatment Comment

6–11 year Low energy/stable Spica cast Lesser remodeling potential than 
younger children
Operative stabilization indicated 
for early mobilization
Flexible intramedullary nailling 
preferred

High energy/unstable Traction followed by 
spica cast
Internal fixation

>11 year Stable or unstable Internal fixation Limited remodeling potential
Operative treatment preferred
Need for restoration of length 
and alignment
Avoid nailing through piriformis 
fossa due to risk of necrosis

Comminuted, compound Internal fixation
External fixator?
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In football, the main reason for stress fracture 
is overtraining. The other factors are training on 
hard ground, poor shoe design, training errors, 
and lack of recovery after exercising. In profes-
sional leagues, there are well-planned strategies 
to avoid overuse injury.

21.4.3	 �Diagnosis

21.4.3.1	 �Signs and Symptoms
Early diagnosis can be difficult as there is unspe-
cific groin pain. But the player feels a painful 
limitation that can progress until that they cannot 
run. Usually, resting is enough for the pain to 
stop.

21.4.3.2	 �Imaging Study
It is frequent that x-ray does not show any frac-
ture as it may be incomplete and undisplaced.

Therefore, computed tomography, scintigra-
phy, and magnetic resonance imaging (MRI) are 
preferred for the diagnosis of stress fracture, 
because they have higher sensitivity.

Scintigraphy has low specificity and is not 
necessary if there is access to MRI.

MRI is highly sensitive and specific, 
avoids the use of ionizing radiation, and 
allows for better visualization of the medul-
lary bone and for bone edema around the frac-
ture site  
(Fig. 21.8).

21.4.4	 �Treatment

21.4.4.1	 �Conservative
There are very little indications for conservative 
treatment of a femur fracture. Some stress frac-
tures can have a good outcome with load restric-
tion only. The fracture that benefits from 
conservative treatment is an incomplete fracture, 
located on a compression-loaded cortex, not 
resulting of insufficiency. Unfortunately, a great 
pressure is put on the physician, related to the 
need to return to sports rapidly, making this option 
even more rare than the opportunity to use it. In 
such cases, surgery will not make the bone heal 
faster, and it is not always exempt from 
complications.

Weight-bearing restriction with crutches is the 
most important measure. Short-and long-term 
results are favorable [26]. Early rehabilitation is 
related to better outcome.

21.4.4.2	 �Surgical
Most of the fractures have a surgical indication, 
and the few fractures that had indication for 
conservative treatment are operated as discussed 
above. Undisplaced fractures on tension side of 
the femur must be fixated because of an elevated 
risk of displacement.

The fixation methods are the same that for 
trauma fractures. Supplementation on calcium 
and D-vitamin are usual in stress context.

Fig. 21.8  Stress fracture: x-ray, CT, scintigraphy, and MRI
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21.4.5	 �Rehabilitation

The primary focus of rehabilitation is the return 
to premorbid state.

In the case of nonsurgical treatment, therapy 
will focus on rest and modifying any training 
errors. To maintain fitness of the athlete, exer-
cise of the non-affected extremities can be done. 
Muscle strengthening without weight bearing 
on the fracture side can be accomplished. Gait 
and anatomic abnormalities that could have pre-
disposed to fracture must be evaluated. Once 
acute pain is relieved, strengthening exercises 
for hip stabilizers can be initiated. The main 
objective is to restore hip range of motion. When 
the patient is pain-free, weight bearing is gradu-
ally initiated. Weekly x-ray imaging supervision 
is performed until full weight bearing without 
any pain.

Running is started when the patient is com-
pletely pain-free. Time and distance are slowly 
increased. Any symptom of pain should indicate 
for rest. Progressive return to prior level is time 
dependent on symptoms.

Patients treated with surgery must rest for 
healing to progress. But early mobilization is 
related to faster recovery. Strengthening of mus-
cles is important for stability and for gait. The 
most important are the gluteus medius, gluteus 
maximus, iliopsoas, adductors, quadriceps, and 
hamstrings. After gait has been normalized, 
eccentric muscle strengthening and sport-specific 
activities are then progressed.

Removal of implants may be needed to allow 
for full recovery.
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22.1	 �First Aid and Cares in Spine 
Trauma

This chapter is divided into two parts, the first 
will address the clinical approach in general 
spine trauma and the second will report special 
conditions in sport trauma.

22.1.1	 �Spinal Column

The spinal column is composed by 7 cervical, 12 
thoracic, and 5 lumbar vertebrae, the sacrum, and 
the coccyx [1–3].

The cervical spine has been considered the 
most vulnerable to sustain an injury due to its 
high mobility and exposure to external events. 
Once below C3 level, the spinal canal diameter is 
smaller; injuries to the vertebral column are more 
prone to happen [3, 4].

The thoracic spine, due to its movement 
restrictions and rib cage support, has a lower inci-
dence of fractures, the most common is the 
wedged compression fracture [2, 5]. The thoraco-
lumbar junction due to its characteristics is more 
susceptible to injuries [5].

22.1.2	 �Vertebral-Medullary Trauma

The cervical spine is the most affected spinal 
region, counting with a total of 55% of all 
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vertebral-medullary injuries. The following 
45% are correspondingly distributed by the 
thoracic, thoracolumbar, and lumbosacral 
spine [6].

When a vertebral-medullary injury is suspected, 
the initial approach should always include the air-
way and cervical assessment. The clinician should 
be careful in cases which the trauma can become a 
life-threatening situation to the athlete [6]:

•	 Neurogenic shock – interruption of descend-
ing sympathetic enervation to the heart and 
vasomotor tone, resulting in bradycardia and 
hypotension. The athlete becomes hypoten-
sive. The treatment can include atropine and 
vasopressors

•	 Spinal shock – associated with the immediate 
loss of the reflexes and flaccidity. After the 
injury is installed, the hyperreflexia will  
occur

When evaluating these patients, the clinician 
should be aware of the mechanism of injury, once 
it will further help in the evaluation of suspected 
injuries [2, 4]. Special attention must be paid to 
lesions above the clavicles [6].

When assessing spinal cord injuries, it is 
important to evaluate both sides of the body, and 
attention must be directed to the following three 
tracts [3, 5]:

•	 The corticospinal tract: controls the motor 
power on the same side of the body, assessed 
by voluntary muscle contractions or involun-
tary response to painful stimuli

•	 Spinothalamic tract: transmits pain and tem-
perature sensation to the contralateral side of 
the body, assessed by a light touch

•	 Dorsal columns: control proprioception, 
vibration, and light touch sensations on the 
same side of the body, assessed by position 
sense of toes/fingers or vibration

In addition, each nerve root dermatome and 
myotome should be examined [5].

22.1.3	 �On-Field Emergency

Following a traumatism, the player’s assessment 
should be done the most accurate and quickly as 
possible. A systematic approach is required in 
order to save lives but also determine the player’s 
degree and extent of injury and prevent subse-
quent complications [6–8].

In case of cervical trauma, the most important 
procedures in the field are to identify potential 
injuries, protect the cervical spine, maximize the 
respiratory and hemodynamic status, and provide 
a safe and fast transportation of the athlete. 
Therefore, the clinician should immobilize the cer-
vical spine with a cervical collar, lateral immobi-
lizers, and spine board with strappings (Fig. 22.1).

In cases when the clinician does not have the 
adequate equipment with him, he should place 
his hands in both sides of the head preventing any 
head movement [6]. Moreover, the spine board 
and strappings are used when a spine injury is 
suspected independently of the level of injury 
and transport is required.

Fig. 22.1  Example of a patient on top of a spine board, 
immobilized with a cervical collar and lateral 
immobilizers
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Since sport trauma occurs so unpredictable 
and fast, the mechanism of injury may not be so 
clear to the clinician. Independently of the cause, 
when assessing any critical patient, the clinician 
should start by the ABCDE approach, where each 
item should be assessed before passing to the 
next one [5, 6]:

	A.	 = Airway maintenance and cervical spine 
protection

	B.	 = Breathing and ventilation
	C.	 = Circulation with hemorrhage control
	D.	 = Disability/neurological status
	E.	 = Exposure/environmental control

22.1.3.1	 �Airway Maintenance Cervical 
Spine Protection

The airway can be compromised by a primary 
injury, usually by a trauma incident, or by a sec-
ondary injury, which can result to a decreased 
conscious level, and can be evaluated through 
Glasgow Coma Scale [9].

When assessing or treating problems related 
to the airway, four options may be available [6]:

	1.	 Airway clearance techniques
	2.	 Basic airway aids
	3.	 Advanced airway aids
	4.	 Airway surgery

Within the airway clearance techniques, there 
are two major ones. The jaw-thrust maneuver is 
made every time a cervical injury is suspected. 
The clinician may approach the airway with man-
ual inline stabilization or neck immobilizers 
without losing the control of the cervical spine 
[6, 8, 10]. If cervical trauma is excluded, the cli-
nician may opt for extension of the head while 
lifting the chin. If these techniques do not clear 
the airways, then airway aids must be used [6, 8].

In regard to the airway aids, in more simple 
cases, it may be used with the Guedel pattern air-
way. It is inserted into the airways, which will 
further help to prevent the tongue from covering 
the epiglottis and maintain or open the patient’s 

airways [6, 8]. It has the advantage to be easy to 
apply. However, if applied incorrectly, it can 
result in vomit reflex. As an alternative, or in 
combination, a nasopharynx tube can be used, 
which will facilitate the air flux within the phar-
ynx. If fracture of the skull base is suspected, the 
nasopharynx tube should not be used because, if 
inserted incorrectly, it can worsen the condition. 
In more complicated cases, advanced airway aids 
are required. The endotracheal intubation is still 
the gold standard to assure airway security; how-
ever it requires domain over technique and a pro-
gressive learning curve. The laryngeal mask can 
further help the basic aids to protect the airway 
against secretions and is an adequate option to 
secure the airway function when an endotracheal 
intubation is not possible. If none of the above is 
functioning or possible to perform, surgical inter-
vention will be required [6].

22.1.3.2	 �Breathing and Ventilation
It is crucial to assess the thoracic movements, 
hear the player’s respiratory sounds, and palpate 
the thoracic anatomical structures, searching for 
asymmetries or anomalies [5, 6]. Special caution 
should be taken if the player presents dyspnea 
and/or tachypnea, in which case the problem may 
be associated with an airway commitment. 
Nonetheless, if the inadequate airway is caused 
by a pneumothorax or tension pneumothorax, 
using an intubation with a vigorous bag-mask 
ventilation can lead the player to even further 
deterioration [5]. Special attention must be taken 
in regard to the tension pneumothorax that can be 
a life-threatening condition due to a “one-way 
valve” mechanism from a perforated lung or pen-
etration on the chest wall. This condition usually 
presents tracheal deviation, diminished or absent 
breath sounds unilaterally, hyperresonance on 
percussion, hypotension, and pulse rate more or 
equal to 140 beats per minute. Emergency treat-
ment can be performed by chest decompression 
using an intravenous 14G catheter over a 3–6 cm 
needle at the second intercostal space, in the mid-
clavicular line just on the superior border of the 
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third rib. A sudden rush of air or aspirating free 
air into the syringe means that the needle is in the 
pleural space. The needle is then removed and the 
catheter left in place [11, 12].

22.1.3.3	 �Circulation with Hemorrhage 
Control

Hemorrhage has been considered as one of the 
main causes of preventable death [5]. Therefore, 
reassuring the patient circulation is essential to 
decide if the vital organs are being correctly per-
fused and to exclude a potential internal hemor-
rhage. In this sense, it is important to check for 
the player’s paleness, localized pain, and/or pos-
sible internal or external bleeding and assess the 
cardiac frequency, the capillary filling, the arte-
rial pressure, and the glycemia. It is also impor-
tant to check for abdominal hematomas or other 
trauma secondary signs, pelvic instability, and 
femur fractures [3–6].

22.1.3.4	 �Disability: Neurological 
Status

It should perform a basic neurologic evaluation 
in order to confirm the suspicion of cranial and 
vertebral injury. Hence, it is necessary to assess 
the player’s status of consciousness [8], the con-
dition of the pupils, and the any lateralizing signs 
[5]. The first can be accomplished through 
Glasgow Coma Scale [9] or simply by a scoring 
system:

	1.	 The player is totally conscious and 
responsive

	2.	 The player gives verbal responses
	3.	 The player gives physical feedback to painful 

stimuli
	4.	 The player does not give any verbal or motor 

responses to painful stimuli

Regarding the condition of the pupils, it 
should assess the size, symmetry, and reaction 
to stimuli. In addition, it is also important to 
assess the mobility and sensibility of the upper 
and lower limbs and search for any lateralizing 
signs [5, 6].

22.1.3.5	 �Exposure/Environmental 
Control

The patient should be undressed to further assess 
the extent of the trauma and check for further 
missing details. However, trauma patients usu-
ally have loss of temperature. Therefore, as soon 
as the examination is finished, it is essential to 
warm the patient in order to prevent hypothermia 
[13].

22.2	 �Management of Most 
Common Spinal Injuries

In this second part of the chapter, some of the 
most common spinal injuries in sports will be 
addressed.

22.2.1	 �Cervical Strains

Cervical strains affect the musculotendinous part 
of the neck and are the most common sports neck 
injuries. The more usual mechanisms of injury 
are overuse syndrome or whiplash of the head 
and are commonly secondary to high-velocity 
contact sports [6, 14].

Prevention is a difficult task, once most of 
neck injuries are traumatic. Nevertheless, isomet-
ric and eccentric exercises of the neck muscles 
may provide some muscular reactive protection. 
In addition, good technical skills and good head 
and neck control, associated with proper muscu-
lar strength, are critical for preventing neck inju-
ries [14, 15].

This injury can occur after a head trauma, 
compelling the muscles, which are already con-
tracted, to an eccentric load. Cervical tenderness 
and limited range of motion are the typical com-
plains. After the trauma and before the player is 
allowed to return to competition, it is very impor-
tant to perform a neurologic examination and to 
observe a practically pain-free range of motion 
since this injury is often responsible for an early 
and forced substitution of the player. Ice may be 
applied while examining the patient [14, 15].
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Radiographs are indicated and important to 
rule out fractures and dislocations when neck 
pain persists. Anteroposterior and lateral radio-
graphs and, in some cases, flexion/extension are 
necessary. The last one may turn out to be hard to 
obtain in the acute setting and sometimes can 
only be performed after 2–3  weeks. Magnetic 
resonance imaging (MRI) may be required in 
more particular situations [6, 14].

The conservative treatment is followed in 
practically all cases. In this sense, a cervical col-
lar can be used for a period of 7–10  days. Ice, 
anti-inflammatory medication, neuromuscular 
electrical stimulation, isometric strengthening, 
and mobilization exercises should be included 
into the treatment program. If the diagnosis can-
not be initially confirmed, secondary imaging 
studies should be performed [14, 15].

22.2.2	 �Stinger

Stinger is characterized by pain or paresthesia in 
a superior limb after an impact on the neck or 
shoulder. It is differentiated from a radiculopathy 
once it only involves a single dermatome [6, 14].

The main mechanisms of injury are neck flex-
ion to the contralateral side with the shoulder in 
downward displacement, which will stretch the 
brachial plexus and compress the nerve roots 
through head rotation to the affected side [16]. In 
many occasions, the player needs to hold the 
affected arm with the uninjured one, once it can 
have a severe mobility impairment [14].

It is imperative to perform a careful neuro-
logic examination. Inspection, palpation, and 
assessment of cervical spine range of motion are 
also mandatory. The clavicle, glenohumeral, and 
acromioclavicular joints should be properly 
examined since associated injuries may be pres-
ent [14]. Two key aspects are important to be kept 
in mind: the symptoms can resolve within min-
utes and motor weakness may appear days or 
hours after the trauma [6, 14, 17].

In most cases, cervical radiographs are suffi-
cient to exclude other conditions. 

Electromyography is rarely indicated, and MRI is 
indicated when a nerve root or spinal cord lesion 
is suspected [17].

This condition is considered benign, and the 
main goal should be to restore neck motion and 
strengthening of upper extremity muscles [17]. 
Return to sports is allowed after full symptomatic 
recovery [14].

22.2.3	 �Spinal Cord Neuropraxia

Spinal cord neuropraxia requires careful initial 
steps of evaluation, and it is almost exclusive of 
the American football players and surfers. 
Nevertheless, it can also occur in other sports, 
like football [14, 18]. In most of the patients, a 
cervical stenosis may exist, leading to spinal cord 
compression as the neck is hyperextended. The 
result of this injury is temporary paralysis with 
full recovery of function. Neck pain is usually not 
present, but a spectrum of neurological manifes-
tations may occur, including numbness, tingling, 
loss of muscular strength, or even complete 
paralysis. Initial evaluation and management 
must strictly follow the principles described 
previously.

This injury is classified according to the dura-
tion that the symptoms last [14, 19]:

•	 Grade I – symptoms resolve in 15 min
•	 Grade II – from 15 min to 24 h
•	 Grade III – over 24 h

Imaging examination should include cervical 
spine radiographs and MRI. Rehabilitation is per-
formed aiming a pain-free range of motion, with 
complete recovery of the normal neurological 
status. Surgical management in this condition is 
reserved for special cases, with few reports in the 
scientific literature [6, 14].

Criteria to participate in collision activities 
were proposed by Torg and Ramsey-Emerhein 
[20] in those with cervical spine stenosis 
(developmental). These criteria are described in 
Table 22.1.
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Table 22.1  Criteria to participate in collision activities 
in those with cervical spine stenosis (developmental), 
according to Torg and Ramsey-Emerhein [21, 22]

Criteria Recommendation

Asymptomatic athlete with a 
Torg ratio under or equal to 
0.8

No
contraindication

One episode of cervical cord 
neurapraxia and Torg ratio 
under or equal 0.8

Relative 
contraindication

Athletes with over one 
episode of cervical cord 
neurapraxia with 
intervertebral disk disease 
and/or cervical spondylosis

Relative 
contraindication

Spinal cord defect or edema 
demonstrated on MRI in an 
athlete with one or more 
episodes

Relative/absolute 
contraindication

Documented episode of 
cervical cord neurapraxia 
with ligamentous instability 
(neurological symptoms 
lasting more than 36 h) and/
or multiple episodes

Absolute 
contraindication

“Torg ratio”: ratio of the diameter of the cervical canal 
to the width of cervical body on the X-ray lateral view 
[21, 22]
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23.1	 �Introduction

Low back pain (LBP) is a common entity in the 
general population and causes significant disabil-
ity when occurs. There is a lifetime incidence of 
60–90% of LBP, but only 4% of these patients 
will need surgical intervention [1–4]. LBP is a 
symptom with multiple diagnostic possibilities. 
More often there is no correlation between the 
pain and an anatomical abnormality, which is a 
challenge to the physician. History of past events 
of LBP reflects a risk factor for recurrence of the 
condition [5–7].

Back pain in competitive active athletes is also 
a common feature, with an estimate prevalence 
related to sport ranging between 1% and 30% [8, 
9]. LBP is the most common cause of lost playing 
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and training time in professional players [8, 10]. 
Most episodes of LBP are of low intensity, and 
the professional athlete will continue to compete 
despite the discomfort [11]. Players rarely report 
the condition, so the prevalence may be higher, 
and most of the times the adequate treatment and 
rehabilitation will not be completed.

Although most LBP are non-specific and 
mechanical in nature, athletes are often at special 
risk because top-level sports require repetitive 
exercises with high loads, most often from an 
early age. Football players are prone to the same 
prevalence of LBP as other sports. There are no 
exhaustive and prospective randomised studies in 
the literature specifically for football players. But 
it is known that the duration of training, it’s inten-
sity, variety and the lack of rest are factors that are 
related to LBP in every sport, including football.

The aetiology and management of LBP 
depend on age and the presence of red flags in the 
history and physical examination. The most com-
mon back pain infirmities affecting athletes can 
be prevented by recognising epidemiologic pat-
terns and implementing treatment plans accord-
ingly. The majority of the cases are self-limiting 
and respond well to conservative treatment. But 
there are a number of disorders that will need a 
more exhaustive evaluation and management.

23.2	 �General Approach

LBP is a common symptom but never a diagnosis. 
Traditionally LBP is considered to be acute or 
chronic in nature. Epidemiological studies suggest 
that we cannot consider LBP as a stagnant entity 
and should not be categorised simply as acute or 
chronic. LBP oscillates over time with recurrences 
and exacerbations and should not be considered 
self-limiting. The natural history of LBP in foot-
ball athletes is most probably no different. Sport 
participation in the general population contributes 
to less frequent episodes of LBP. This is true until 
the appearance of LBP.  From that moment on, 
sport activities might increase the severity of pain 
and its recurrence [12].

It is uncommon that LBP is severe enough to 
prevent a football player from competing or from 

surrendering his place in the team. Despite this, 
in one study on elite football players, LBP was 
reported as the most common overuse injury 
[13]. Professional football players cannot stop 
participating in the game despite their lesions or 
pain. The career will be in danger, and the finan-
cial support of the club and the sponsors should 
not be neglected. These side effects mean that the 
management of athletes with LBP constitutes a 
challenge for the clinician.

23.2.1	 �History and Physical 
Examination

It is important to consider an extensive differen-
tial diagnosis list in order to avoid missing less 
frequent pathologies. The athlete’s age, being 
familiar with the sport (in this case football), and 
the potential injury mechanisms for LBP that 
could occur in that context are also important. 
The most common cause of LBP is non-specific 
soft tissue injuries, but the physician must be 
alert in the younger athletes to the occurrence of 
spondylolysis/spondylolisthesis, hyperlordosis 
syndrome and intervertebral disc-related back 
pain. Adult athletes with LBP have greater risk of 
disc-related back pain than non-specific mechan-
ical back pain.

Key information is determinant in order to 
reach a diagnostic, including mechanism of 
injury or the provocative incident, the site of 
pain, pain referral or irradiation and associated 
symptoms. The severity, progression of the pain, 
quality of pain, aggravating and relieving factors 
and movements, previous history of LBP or other 
back injuries and treatment methods used must 
be scrutinised.

History must identify potential red flags, these 
are conditions that may be present and indicate 
more serious pathology. The presence of these 
red flags in acute LBP suggests the need for fur-
ther investigation and specialist referral as part of 
the overall strategy. If there are no red flags 
present, it is safe to comfort the patient and move 
ahead with the diagnostic possibilities. The red 
flags in history or physical findings are major 
trauma with possible fracture; fever or chills, 
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recent bacterial infection or immunosuppression 
with possible infection; history of cancer, weight 
loss, pain at multiple sites, pain that worse at rest 
or at night, failure to improve with treatment or 
pain that persists 4–6 weeks; severe or progres-
sive sensory alteration or weakness; bladder or 
bowel dysfunction; and evidence of neurological 
deficit in legs or perineum. It is important to 
exclude fractures, rheumatological or inflamma-
tory diseases, infections and tumours.

Another type of flags, the yellow flags, may 
require the need to address psychosocial factors. 
These are psychosocial indicators suggesting 
increased risk of progression to long-term dis-
tress, disability and pain. They can relate to the 
patient’s beliefs, emotions, behaviours, family 
and workplace. Future research is mandatory to 
investigate the relevance of these issues in ath-
letic population.

The most common sport-related diagnoses, 
especially in young athletes, are sprains and 
strains, disc-related back pain, spondylolysis, 
spondylolisthesis, stress fractures and atypical 
Scheuermann’s kyphosis.

Following history taking, physical examina-
tion should be equally detailed and incorporate 
range of motion assessment, palpation and tradi-
tional orthopaedic and neurological testing pro-
cedures to inform if further investigation is 
required. The activity that reproduces pain should 
be evaluated. Lumbar flexion stresses the anterior 
spine with multiple possible pathologies: disc 
pathology, epiphyseal injury and Scheuermann 
disease. Lumbar extension exercises hurt the pos-
terior spine with possible spondylolysis/spondy-
lolisthesis, facet pathology, hyperlordosis 
syndrome or lumbar muscle strain.

23.2.2	 �Investigation

A broad investigation is not necessary for all ath-
letes with back pain. In fact, plain radiographs 
are usually unnecessary in the initial evaluation 
of the player. In the setting of an acute traumatic 
event, radiographic studies must be obtained. 
Much controversy exists surrounding the utility 
of plain films, computed tomography (CT), mag-

netic resonance imaging (MRI) and bone scintig-
raphy in the evaluation of sports-related spine 
injuries [14]. Radiographs demonstrate spinal 
deformities, instabilities and spondylolisthesis. 
MRI scans show vertebral discs, infections, 
tumours and the spinal cord. CT scans illustrate 
fractures and bone abnormalities. Bone scans can 
demonstrate suspected infection, inflammatory 
disease, tumours or stress and lytic pathologies. 
Laboratory tests may be helpful with certain 
diagnoses such as infection, inflammatory condi-
tions and malignancy.

The physician must be conscious of specific 
signs that warrant further investigation. 
Diagnostic imaging should be used in an 
evidence-based and targeted fashion. When red 
flags are present, imaging studies are mandatory 
and are tailored to the situation, the history and 
the physical examination.

23.2.3	 �Management

It is important for the physician to address the 
cause of LBP, in order to establish the appropri-
ate rehabilitation therapy [15]. Many athletes 
need to change training plans, sometimes even 
the technique of playing the sport.

The guidelines to be used in athletes are the 
same developed for the general population. 
Research and scientific evidences are required for 
the athletic population, and football is not an 
exception. The McGill [15] recommendations on 
how to reduce the risk of low back injuries in ath-
letes are very useful in the daily train.

Evidence supports the principles to modify 
activity, remain active and replace aggravating 
activities for non-aggravating actions  – relative 
rest [16, 17]. The recommendations include avoid 
end range of spine mobility in the first training 
days, spare the spine from full lateral bend, full 
flexion or extension and full rotation. Warm up is 
essential; the reduction of reaction moments and 
full contact is advisable. Management also 
includes modifications in training [18], because 
most LBP in athletes is likely to result from 
repetitive trauma and fatigue from the 
monotonous and cyclic overuses situations in 
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training. Discussions should be made with coach-
ing staff to develop a period of relative rest and 
activity modification, and, if relevant, technique 
adjustment is made to prevent the cycle of recur-
rent exacerbation and chronic pain.

Management of other specific pathologies is 
discussed ahead.

23.3	 �Non-specific Injuries

23.3.1	 �Soft Tissue Injuries

LBP in the athlete results almost always from a 
soft tissue insult. The soft tissue can be muscle, 
ligaments or fasciae tissue. The anatomy of an 
athlete’s spine is no different from that of the 
nonathlete. When the back is submitted to stress 
forces, the physiology and biomechanical princi-
ples that rule general population are the same for 
football players. Lumbar muscle sprains and 
strains are common, moreover if we are dealing 
with inadequately conditioned athletes or in the 
beginning of the season, after a period with less 
activity. Abrupt changes in the training pro-
gramme can also lead to episodes of LBP.

Sprain is a ligamentous injury, while a strain 
affects a muscle, tendon or musculotendinous 
junction. In sprains, some individual fibres of the 
spinal ligaments may be hurt, but the continuity 
of the ligament is maintained. Keene [19] con-
cluded that the most commonly affected ligament 
in lumbar spine is the interspinous.

Strains occur by interruption of muscle fibres 
within the muscle belly or in the musculotendinous 
junction. Pain is more severe 24–48 h after injury 
and is associated with muscle spasm that may be 
localised latter to a trigger point [19]. Repeated 
muscle strains have asymptomatic periods between 
crises. Chronic strains are characterised by contin-
ued pain attributable to muscle injury. Nadler et al. 
[11] in their article show that athletes with lower 
extremity acquired ligamentous laxity or overuse 
and may be at risk for the development of noncon-
tact LBP during athletic competition.

The physician must distinguish between ado-
lescent and adult players. Younger players are 
characterised by unique conditions that can lead 

to conditions different from that in the adult ath-
letes. In the growing period, there are anatomic 
and physiologic changes in the spine that repre-
sent different patterns of LBP. Hyperlordotic LBP 
is the second most common cause of back pain in 
the adolescents [20, 21]. Another juvenile charac-
teristic is that, during growth, axial skeleton tends 
to develop more quickly than the surrounding fas-
cia and muscles. This will cause pathologic stiff-
ness and rigidity resulting in LBP.  There are 
extrinsic kinetic forces leading to LBP like ground 
reactive forces, collision and fast changes in mus-
cular dynamic. The intrinsic forces are also 
important because spinal mobility depends on 
pelvic flexibility and synchronisation of trunk 
muscle activation. These intrinsic biomechanical 
defects include iliopsoas inflexibility, abdominal 
weakness, thoracolumbar fascia tightness, femo-
ral anteversion and genu recurvatum. Iliopsoas 
inflexibility increases lumbar lordosis and shear 
forces to the intervertebral disc. Understanding 
intrinsic defects and considering their interaction 
with sport-specific forces can help to anticipate 
possible injuries and predict rehabilitation.

These problems are studied by a throughout 
history and physical examination. Most of the 
times, the player does not remind the traumatic 
episode, and when the symptoms start, they are 
typified by lumbar muscle spasm and local ten-
derness provoked by bending, twisting and 
weight bearing, without radiculopathy. When the 
cause of LBP is a spasm of the lumbosacral fas-
cia extending to the tensor fascia lata, the pain 
can radiate to the hips.

Physical signs may include local bruising and 
swelling or a spasmodic scoliosis. When the trau-
matic event is violent, the physician should con-
sider underlying fractures or renal damage, 
particularly if haematuria is present.

In these patients with no red flags, no spe-
cific imaging is necessary. Conservative treat-
ment with a rehabilitation program addressed 
to specific problems, as well as symptomatic 
treatment with ice or heat,  depending on the 
timing of the injury, and occasionally deep tis-
sue massage. It is important to improve strength 
of core musculature, flexibility and overall 
range of motion (ROM). Ninety percent of 
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back pain resolves within 10 weeks of initial 
symptoms. The player who suffered low back 
pain or strain can return to sport when symp-
tom-free, and full ROM is obtained. A wider 
investigation is needed if the symptoms persist 
with adequate treatment for more than 2 weeks.

23.4	 �Spondylolysis 
and Spondylolisthesis

Spondylolysis is a defect within the bone of the 
posterior part of the vertebral neural arch. It can 
develop at various locations, but the most com-
mon region affected is the isthmus of the bone 
between the cephalad and caudal articular pro-
cesses – pars interarticularis. It is most frequently 
affected at L healing and bone union. A positive 
CT scan L5 (85–95% of cases) and L4 (5–15%). 
Forty percent of athletes with back pain lasting 
for more than 3 months have defects of the pars 
interarticularis in the lumbar spine. Though there 
may be many contributing factors: hyperlordosis, 
pre-existing dysplasia, iliopsoas inflexibility, tho-
racolumbar fascial tightness and abdominal 
weakness, the aetiology of isthmicspondylolysis 
is not well known. It is thought to be a stress frac-
ture caused by repetitive loading or bony 
impingement of the pars of L5 sheared by infe-
rior articular process of L4 and superior articular 
process of S1. The injury can occur without a 
precipitating trauma, but the trauma event can be 
present. The lesion can lead to the development 
of an anterolisthesis, which is the anterior slip-
page of a vertebral body on the one just below.

Most of the cases remain asymptomatic and 
may not be diagnosed until adulthood. Twenty-
five percent of the symptomatic cases are linked 
with spondylolisthesis. The prevalence of spon-
dylolysis in the adolescent athletes is estimated 
to be near 23%, but this figure has abundant vari-
ability in the literature. Sports requiring hyperex-
tension movements of low back have proven to 
be a risk factor for the development of spondy-
lolysis [22, 23].

The natural history has been an issue of con-
troversy in the literature, but we know that a 
bilateral pars defect will develop symptomatic 

progression only in a few cases. Unilateral pars 
defects are not connected spondylolisthesis or 
incapacity [24].

23.4.1	 �Clinical Presentation

Most cases are asymptomatic. About one quar-
ter of symptomatic cases are associated with 
spondylolisthesis. There are three classic 
patients at presentation: female, hyperlordotic 
and hypermobile; male, hypomobile/inflexible 
with tight paraspinal musculature; or someone 
new to a sport, deconditioned with poor core 
[24–26].

Low back pain is the main symptom. If the 
pain radiates, it does so to the buttocks or the 
back of the thigh and is more commonly from 
hamstring tightness than from radiculopathy. 
Pain is aggravated by extension of the lumbar 
spine, which is often triggered during examina-
tion (add side bending to affected side – Kemp 
test). The Stork test has low specificity and low 
sensitivity [27–29].

Inspection can demonstrate exaggerated 
lumbar lordosis from increased sacral inclina-
tion without a slip or from a spondylolisthetic 
deformity. With higher-grade spondylolisthesis, 
the buttocks can appear heart shaped, and a mid-
line step-off between the spinous processes can 
be palpated. Point tenderness on palpation of 
the affected spinous process can be present in 
cases of spondylolysis alone. Straight-leg rais-
ing can demonstrate hamstring tightness, and 
generally it does not reproduce radicular pain. 
Neurologic examination usually reveals normal 
findings.

23.4.2	 �Imaging

Imaging of an athlete with suspected spondyloly-
sis begins with a series of plain radiographs. 
Anteroposterior, lateral and both right and left 
oblique views must be obtained. Twenty percent 
of the defects are unilateral and will be missed 
without both oblique radiographs. Eighty-five 
percent of the defects are appreciable on the 
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oblique view. But radiographs can miss occult 
and early stress lesions [30].

When plain radiographs of a patient with per-
sistent symptoms reveal negative findings, a bone 
scan, CT scan or a magnetic resonance imaging 
scan can be made. We still don’t have a consen-
sus on imaging, radiation exposure in the adoles-
cent and growing technology helping magnetic 
resonance imaging to potentially become a more 
sensitive option.

Single-photon emission computed tomogra-
phy (SPECT) has high sensitivity and can local-
ise the lesion, make early diagnosis of active 
lesions, differentiate between acute and chronic 
non-union and make correlation between pain 
and aetiology. The cons are poor specificity, radi-
ation exposure (even so less than the computed 
tomography scan) and intravenous injection and 
can’t detect alone a chronic non-union.

CT scan is the most sensitive and specific 
independent imaging modality to determine a 
complete or incomplete pars fracture. It can help 
stage the chronicity of the lesion (wide/scle-
rotic – chronic; narrow/non-corticated margins – 
acute). It can evaluate bone healing and surgical 
planning. The disadvantage is radiation 
exposure.

MRI scan is reliable for early stress lesions, 
for acute and complete lesions and for chronic 
ones. It has the advantage of the absence of radia-
tion and the visualisation of other possible causes 
of low back pain. It has lower sensitivity for 

incomplete fractures. The existence of a high-
signal change in the adjacent pedicle, on a 
T2-weighted MRI scan, is found to be a good 
predictor of bony union [31].

Negative CT scan and positive SPECT show a 
stress response pre-lysis with good prognosis for 
healing and bone union. A positive CT scan and a 
negative SPECT show a non-union of a chronic 
lesion [31] (Fig. 23.1).

23.4.3	 �Proposed Imaging Protocol

Lumbar radiographs (anteroposterior, lateral and 
both oblique views)

If negative: MRI for initial screen
Localised CT scan for positive spondylolysis 

on MRI (staging the lesion) or for symptoms pre-
vailing with normal MRI

If all negative: SPECT

23.4.4	 �Conservative Management

The majority of athletes with spondylolysis or 
pars stress reactions respond well to non-
operative treatment. Yet, the return to sport will 
be difficult, and, in most cases, the future perfor-
mance will be affected by the underlying disease. 
Clinical decisions made with players presenting 
with spondylolysis and spondylolisthesis include 
apprehension for the future progression of the 

a b

Fig. 23.1  (a) CT scan with bilateral spondylolysis (b) lateral radiographic study with L5-S1 spondylolisthesis

R. Rocha et al.



271

spondylolisthesis and issues concerning pain. In 
the acute setting, treatment includes rest from 
sport, stop repetitive extension/rotation activities 
and analgesic drugs. Achieve pain-free before 
initiating physical rehabilitation, and institute a 
return to play transition. Some authors advocate 
physical rehabilitation before pain-free.

The role and best type of external immobilisa-
tion continues to be debated. Controversy exists 
if the brace is to be used and the same applies to 
the type of brace. We still do not know unques-
tionably if the responsibility for the clinical 
improvement is the immobilisation or the forced 
compliance with activity restriction that works 
well in the pathology. Most authors defend brac-
ing the acute lesions, but not the chronic ones. 
The objective is to limit hyperextension of the 
lumbar spine. There are many types of braces: 
thoraco-lumbar-sacral orthosis (TLSO) or Boston 
brace antilordotic, lumbar-sacral orthosis (LSO) 
antilordotic and corset/soft brace. The duration of 
immobilisation is another controversial subject. 
Authors defend 2–6  months brace 23  h a day. 
However the majority of authors have agreed that 
athletes can return to play when they are pain-
free, regardless the time that has passed since the 
beginning of the symptoms or whether there is 
radiographic evidence of pars healing.

Bony stimulation is another option considered 
if the athlete has pain and no healing at 4 months 
treatment.

The authors defend return to sport after a short 
period of rest and brace, with transition when 
pain-free to physical rehabilitation for 1 month. 
Initial activities must be focused on core muscle 

strengthening and lower limb flexibility. Surgical 
excellent results mean that if pain persists after 1 
month, the authors consider surgical treatment as 
a good option.

23.4.5	 �Surgical Treatment

Several operative treatments have been per-
formed for patients who do not respond quickly 
to conservative treatment or who have a develop-
ing progressive spondylolisthesis.

The best techniques for surgical treatment are 
controversial in their use and can be separated in 
three categories: direct repair of spondylolysis 
when there is no slippage or a grade 1 slippage 
without disc pathology, decompression alone 
when there is just radiculopathy in an older 
patient and decompression and in situ fusion or 
reduction and fusion.

There are many techniques for pars repair; 
the authors’ technique consists of iliac autograft 
and temporary fixation with transpedicular 
screws when there is a pars defect without spon-
dylolisthesis or a pars defect with grade 1 spon-
dylolisthesis with no disc disease. The screws 
are taken 1 year after the first procedure, and the 
results are excellent with full return to sport 
without physical limitations in most circum-
stances. When the disc is affected with spondy-
lolysis or grade 1 spondylolisthesis, the authors 
use minimally invasive transforaminal inter-
body fusion (MIS TLIF). For grade 2 or more, 
the authors proceed to reduction and 360° fusion 
or in situ fusion without reduction (Fig. 23.2).

Fig. 23.2  (a) Iliac autograftand temporary fixation (b) MIS TLIF, (c) reduction and fixation
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23.5	 �Lumbar Disc Disease 
and Lumbar Disc Herniation

The aetiology of degenerative disc disease is 
multifactorial, including genetic predisposition, 
occupational/leisure physical loading, ageing, 
smoking and anthropomorphic factors [32, 33]. 
While current research places genetic factors 
with the principal role, it is known that elite ath-
letes experience greater forces on the lumbar 
spine over prolonged, repetitive and consisting 
training periods.

Intervertebral discs have an important biome-
chanical role within the spine, as they permit 
motion between the spinal segments while diffus-
ing compressive, sliding and torsional forces 
[34]. The deterioration of the disc can decrease 
its ability to resist to extrinsic forces, as they are 
no longer transmitted proportionally and are 
strongly associated with LBP. Disc degeneration 
involves structural disruption as well as cell-
mediated changes in composition.

Discs have a tendency to degenerate earlier 
than other musculoskeletal structures, with ado-
lescents presenting signs between the ages of 11 
and 16 years [35]. It is particularly susceptible in 
exercises with repetitive flexion, or hyperflexion, 
combined with lateral bending or rotation [36]. 
When these movements are combined with axial 
compression, there is a distress of the internal 
structure of the disc.

The posterolateral annulus fibrosus is the 
weakest area of the intervertebral disc and is the 
most susceptible area to herniation of the nucleus 
pulposus (HNP). HNP results from repetitive tor-
sional forces with lumbar flexion. Acute HNP 
accounts for approximately 10% of back pain in 
adolescent athletes.

Participation in sports appears to be a risk fac-
tor for the development of disc degeneration. 
Disc degeneration appears to be influenced by the 
type and intensity of the sport. Football players 
showed disc degeneration almost exclusively in 
L4 to S1 levels [37].

23.5.1	 �Clinical Presentation

Axial discogenic pain is difficult to diagnose. 
The exact correlation between a degenerated disc 
and LBP remains vague. High rates of radio-
graphic findings of degenerated discs in asymp-
tomatic patients are evidence against a required 
relationship in the general population.

The pathogenesis of disc pain is explained 
only partially by the mechanical pressure of the 
disc protrusion. Symptoms of acute disc hernia-
tion may occur with minimal disc changes visual-
ised by MRI.  Secreted cytokines, such as 
phospholipase A2 and nitric oxide that stimulate 
inflammation at the dorsal root ganglion, have 
been identified. The nucleus pulposus itself may 
be a direct neurotoxin to the dorsal root ganglion.

Herniated discs in adolescent athlete tend to 
be more centrally located, with a smaller volume 
of extruded disc than encountered in adult ath-
letes. Patients may present with tension signs of 
sciatica, but many athletes will present with non-
specific buttock, low back or posterior thigh pain, 
neurogenic scoliosis and hamstring tightness. 
Examination usually reveals decreased lumbar 
motion, a positive straight-leg raise test and pos-
sibly a decrease in reflexes or strength.

Cauda equine syndrome is an infrequent but 
significant clinical entity in patients with back 
pain. Although it typically presents in more acute 
fashion with the characteristic findings of saddle 
paraesthesia, bowel or bladder incontinence or 
retention, and occasional radiculopathy at the 
lower lumbar levels, back pain also can be one of 
the findings. Cauda equine syndrome is a surgical 
emergency.

Disc herniation regularly is managed success-
fully with a multidisciplinary approach. Physical 
therapy is initiated with an extension-based stabi-
lisation programme when the patient is able to 
support it. Therapy includes a trunk and pelvic 
flexibility and isometric strengthening pro-
gramme. The pain management service assists 
with medication, such as the tricyclic antidepres-
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sants, neuroleptic agents and epidural corticoste-
roids. Surgical management is necessary only for 
cauda equine syndromes, a progressive neuro-
logic deficit, and refractory pain.

Athletes with disc herniation may return to 
competition when they have attained a full range 
of motion, strength and sport-specific attention to 
technique.

23.5.2	 �Diagnostic Imaging

Typically, plain anteroposterior and lateral radio-
graphs are used in the initial assessment of disco-
genic pain. Flexion and extension lateral 
radiographs can be used to show mobility across 
the lumbar segment or instability. The cost/utility 
of additional radiation has caused its clinical use-
fulness to be questioned [38].

Plain radiograph can show decrease in disc 
space height initially and osteophyte formation 
with disease evolution. Lundin proposed that the 
radiographic finding that most strongly corre-
lated with LBP was decreased disc space height 
[39]. Additionally, the greater the number of lev-
els involved, the more likely the athlete was to 
have had LBP. Plain radiographs may be normal 
in cases of lumbar disc herniation, although a 
lateral lumbosacral view may demonstrate a 
non-specific slight reduction in disc space height.

MRI is the imaging study of choice to study 
the disc and is highly sensitive to degenerative 
changes such as loss of signal intensity on 
T2-weighted images, annular tears, high-intensity 
zones and associated bone marrow vertebral end-
plate changes defined as Modic [40]. The clinical 
significance of Modic changes is controversial. 
Sword et  al. [41] found that decreased signal 
intensity within the disc correlated with LBP in 
athletes and in nonathletes. Abnormal vertebral 
configuration with an increased anteroposterior 
diameter correlated with the occurrence of 
LBP. MRI is also the most sensitive test for detect-
ing herniation and nerve root compression [42].

Discography is another possible method to 
identify LBP of discogenic origin. The reproduc-
tion of a patient’s typical LBP with discography 
suggests that leakage of intradiscal fluid or annu-
lar distension is involved in the production of 
back pain (Fig. 23.3).

23.5.3	 �Non-operative Treatment

Non-operative modalities are the pillars of treat-
ment of discogenic LBP in the athlete. Several 
rehabilitation protocols have been suggested spe-
cifically for this condition. Cooke’s five-stage 
protocol [43] is one of the most used and is com-
posed of stage I early protected mobilisation, 
stage II dynamic spinal mobilisation, stage III 
spine safe strengthening and conditioning train-
ing, stage IV return to sports and stage V mainte-
nance programme.

Each athlete has a unique clinical picture, and 
the recovery pattern will depend on the person-
alised rehabilitation programme.

Lumbar disc herniation has a rehabilitation 
protocol which is similar to that of discogenic 

Fig. 23.3  Disc herniation with discopathy
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back pain, and the return to sports activity hap-
pens when the athlete is free of symptoms. 
Ninety percent of the athletes with disc hernia-
tion improve with non-operative treatment. 
Therapy goals are always pain reduction and 
decreasing the length of symptomatic 
episodes.

23.5.4	 �Operative Treatment

Indications for operative treatment of lumbar dis-
copathy are the source of controversial discus-
sions in the literature. The traditional operative 
indications are mechanical LBP correlated with 
positive findings on imaging, continuous symp-
toms for at least 6 months despite active non-
operative treatment and localised midline spinal 
tenderness that corresponds to the radiographic 
level of the disease [8]. Surgical treatment is 
either total disc replacement or lumbar fusion. 
The authors do not recommend surgical treat-
ment for disc disease without herniation. Surgical 
treatment of disc disease has inconstant clinical 
outcomes in the literature for the general popula-
tion. In high-level athletes, there are few reports 
concerning operative treatment for discopathy. 
The authors do not support surgical treatment in 
discogenic back pain.

Disc herniation indications for surgery are 
more consensual than the ones for discopathy 
alone. Progressive neurological deficit and radic-
ular pain that does not respond to conservative 
treatment are the two main indications, and the 
results in athletes are excellent in terms of return 
to play and elimination of radiculopathy.

23.6	 �Another Causes 
of Vertebral Pain

23.6.1	 �Vertebral Growth and Stress 
Fractures

Adolescent spine is susceptible to injury because 
of the areas of growth cartilage and undeveloped 
ossification centres. In the junction between the 

vertebral body and the apophysis in the outer 
annulus fibrosus, there is a fragile link of force 
transfer which can lead to vertebral endplate frac-
tures. The symptoms, when the avulsed fragment 
invades the spinal canal, are similar to the central 
herniated disc.

Stress fractures result from repeated submaxi-
mal loads causing fatigue of the bone structures. 
These fractures happen when the stress impli-
cated in the bone is greater than the capacity of 
the bone to heal. Bone turnover depends on 
genetic, hormonal, mechanical and nutritional 
factors. The repetitive microdamage and the inca-
pacity to keep appropriate skeletal repair (fatigue 
reaction or fracture) are characteristics of stress 
fractures in the athlete.

Specifically in football players, stress frac-
tures occur almost always in lower extremities, 
with the majority occurring in the fifth metatar-
sal. Nevertheless, stress fractures of the spine can 
happen and lead to an inconclusive diagnostic. 
Stress fractures of the sacrum are an infrequent 
cause of LBP in athletes. Their prevalence is 
unknown. Such fractures are more common in 
female athletes, but they have been reported in 
male athletes as well.

Plain radiographs are usually normal, and the 
most common method for diagnosis of this stress 
fractures is bone scintigraphy, which can detect 
the fracture as early as few days after it occurs. 
MRI is not as sensitive as bone scan; however, it 
does enable to exclude other possible causes of 
pain. CT scan is another possibility with good 
accuracy in the literature detecting stress 
fractures.

Treatment should pass for a period of rest and 
physical rehabilitation; sometimes surgical treat-
ment is required.

23.6.2	 �Bertolotti’s Syndrome

Bertolotti’s syndrome (BS) affects 4–8% of the 
population. This syndrome is characterised by 
the presence of a transitional vertebra, which 
represents an incomplete segmentation of the 
lower lumbar and upper sacral vertebrae. The 
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vertebra can have a large transverse process on 
one side resulting in conflict with the sacrum or 
the ilium. This situation per se can cause lumbar 
pain. At the same time, there is an altered motion 
at the lumbosacral articulation which can cause 
L4-L5 disc disease with possible irritation of L5 
nerve root and consequently radicular pain. The 
bony lumbar extension to de sacrum or ilium 
can form a pseudarthrosis. Players can suffer 
from this syndrome, which may simulate 
spondylolysis.

The initial treatment consists of calming the 
inflammation, which can be attainable with rest 
and an orthosis. Rehabilitation with physical 
therapy must be done, and sport-specific training 
is necessary.

23.7	 �Scheuermann Disease

Scheuermann disease (SD) is a form of osteo-
chondrosis of the spine and is characterised by 
increased kyphosis of the thoracic spine in 
association with structural deformity of the ver-
tebral elements. The disorder is sometimes 
painful during its relative acute phase and can 
cause significant truncal deformity that may be 
progressive.

In defining SD, the subgroup described as 
lumbar Scheuermann’s or type II must be 
acknowledged and constitute the cause of some 
LBP in athletes. This condition, most commonly 
seen in athletically active adolescent males or 
those involved in heavy lifting, presents with 
localised back pain and radiographic vertebral 
changes at the thoracolumbar junction and is not 
typically associated with significant clinical 
kyphosis. The Schmorl’s nodes and endplate 
irregularity may be so severe that SD can be con-
fused with infection, tumour or other conditions.

Both classic and atypical SD are associated 
with back pain. Unlike classic thoracic 
Scheuermann’s kyphosis, the treatment of lum-
bar SD is not controversial, as its course is non-
progressive and its symptoms resolve with rest, 
activity modification and time.

23.7.1	 �Tumours, Infections 
and Primary Inflammatory 
Conditions of the Lumbar 
Spine

These conditions are rare in the athlete, but 
should be suspected when patients manifest 
unusual symptoms such as nonmechanical 
pain, night pain or constitutional symptoms 
(loss of weight, poor appetite or cachexia). A 
thorough history will often lead the physician 
to the diagnosis of these more uncommon con-
ditions. The identification of the condition is 
generally difficult and requires a high level of 
suspicion. For this reason, a significant delay 
often occurs between the first symptoms and 
diagnosis.

The most expected benign spine tumours in 
children and adolescent players include osteoid 
osteoma, osteoblastoma and aneurysmal bone 
cysts. Malignant neoplasms include osteosar-
coma and Ewing’s sarcoma. Malignant meta-
static lesions are more common in adults as 
opposed to primary spine tumours. Leukaemia 
and lymphoma can occur in both adolescent and 
adult athletes.

Discitis is a diagnosis more common in the 
paediatric athlete than the adult one. Adult ath-
letes are susceptible to vertebral osteomyelitis 
and soft tissue abscesses.

Spondyloarthropathies typically begin in ado-
lescence and affect the spine, hips, knees and feet. 
Recent data in the rheumatologic literature allow 
earlier identification of these patients. Effective 
medication can alter the disease progression, 
making prompt diagnosis important. All patients 
should be asked four questions [44, 45]: (1) Does 
the morning back stiffness last over 30 min? (2) 
Does the back pain awaken the patient during the 
second period of sleep? (3) Does the pain alter-
nate from one buttock to the other? (4) Does rest 
relieve the pain? If two out of these four questions 
are positive, there is a 70% sensitivity and 81% 
specificity for inflammatory back pain [44]. 
History is much more accurate than laboratory 
testing in diagnosing these patients. C-reactive 
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protein has only 53% sensitivity and 70% speci-
ficity in spondyloarthropathies. HLA-B27 is not 
generally helpful because it has high positivity in 
the general population [46].

Workup for all of these conditions involves 
imaging scans and laboratory data and a multi-
disciplinary approach.

23.8	 �Non-orthopaedic Causes 
of Low Back Pain

The clinician must be aware of pain referred to 
the low back from other areas of the body such as 
the hip, the pelvis or the viscera. Renal disorders, 
bowel pathology or reproductive organ disease 
may present as LBP. The possibility of these dis-
orders should be kept in mind in the patient 
whose diagnosis remains elusive. Referral to 
other specialists may be necessary if these condi-
tions are suspected.

�Conclusion

LBP in the football player is a common condi-
tion with multiple possible aetiologies. The 
prevalence is unknown because most athletes 
don’t report the complaint in order to keep on 
playing. The management of LBP depends 
ultimately of the clinical history and physical 
examination, with special attention to the 
presence of red or yellow flags. Non-specific 
soft tissue injuries constitute the majority of 
the LBP and respond well to conservative 
treatment. Other common cause of LBP in 
football players is spondylolysis/spondylolis-
thesis, which can be treated with conservative 
methods for a short period with transition to 
surgical treatment if pain persists. The repair 
of the defect and provisional fixation showed 
excellent results in athletes. Discogenic pain 
is another common cause of LBP and is treated 
with conservative rehabilitation protocol. 
Symptomatic disc herniation is treated in most 
cases with conservative methods, but the sur-
gical treatment is an option. Other causes of 
LBP are less common, but the physician must 
have a high suspicion in the presence of 
unusual symptoms.
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•	 Know the risk factors for sport-related 
concussion

•	 Use standardized assessment tools 
(SCAT3) and know “red flag” symp-
toms (ACSM)

•	 Remove the athlete from play
•	 Return to play is prohibited until the 

player is asymptomatic and off of 
medication

•	 Follow a graduated return to play proto-
col (no activity, light aerobic exercise, 
sport-specific exercise, noncontact 
training drills, full contact practice, 
return to play) (4th ICCS)

•	 Primary prevention (rules, equipment, 
athletes, coaches) and secondary pre-
vention (appropriate return to play man-
agement) measures are essential to 
reduce the incidence and morbidity of 
brain concussion

•	 Second impact syndrome must be 
avoided at all cost since it is a potential 
fatal event
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24.1	 �Introduction

The name is football, but a lot of actions are done 
with the head. Concussion in sports, and in football 
in particular, is a serious and very frequent traumatic 
event. According to FIFA, 13% of all injuries sus-
tained at FIFA World Cups™ involve the head and 
neck. Almost one in seven of those injuries resulted 
in concussion [1]. In a German study, published in 
2011, 108 (23.9%) injuries were related to the head 
[2]. It is gaining increased awareness in sports and 
media, but also in schools. Although it is self-lim-
ited, it has a significant impact on sports participa-
tion and on adolescent’s participation in school and 
social activities. It can result from a direct or indirect 
blow to the head or neck, where shear forces are 
applied to the brain. Immediately a neurometabolic 
cascade of events develops, leading to cellular 
energy crisis in the brain. The injured brain is now 
vulnerable to additional injury during the recovery 
phase that can last from some hours to several days. 
During this period another trauma to the head can 
deadly result in the second impact syndrome. The 
brain concussion is characterized by several symp-
toms, the most frequent is headache, and neurocog-
nitive deficits can be identified as well. Since it is a 
functional injury, the magnetic ressonance imaging 
(MRI) and the computed tomography (CT) scan are 
normal, but some new technology can help on the 
diagnosis. The return to school or to sports is an 
issue that deserves a lot of attention, a very careful 
evaluation should be performed, and only the symp-
tom-free player or student, and without any neuro-
cognitive deficits, is allowed to return to the previous 
level of activity. There are tools that can help either 
in the diagnosis or in the decision to return to game. 
However, there should be a continuous vigilance/
monitoring of the athlete or of the student during 
this returning period [3–8].

24.2	 �Definition

There are several definitions of brain concussion 
or mild traumatic brain injury (MTBI) for some 
authors [9, 10]. Others consider concussion as a 
subset of MTBI [5, 7], including those that par-
ticipated on the 4th International Conference on 
Concussion in Sport held in Zurich, November 

2012 [11]. The Centers for Disease Control and 
Prevention (CDC) defines a concussion as “a 
complex pathophysiologic process affecting the 
brain, induced by traumatic biomechanical forces 
secondary to direct or indirect forces to the head” 
[9]. It is a disturbance in brain function caused by 
a direct or indirect force to the head that results in 
a variety of nonspecific signs and/or symptoms, 
most of the times without loss of consciousness 
[12, 13]. Also, it can be defined as an immediate, 
short-lived transient disturbance in brain func-
tion, rather than a structural injury, and is the less 
severe of the traumatic brain injuries [5], fol-
lowed by physical, cognitive, emotional symp-
toms and sleep disturbance [7]. It is caused by 
direct or indirect force to the head or to the neck 
[7, 10], resulting from a shear stress to brain [4, 
10]. It is a shake of the brain inside the skull [7, 
10]. The disturbance of brain function is associ-
ated with normal head CT and MRI findings, 
because there is no structural damage to the brain 
tissue or blood vessels [9], but some neurons can 
be damaged with consequences on the synaptic 
transmission of information inside the brain [10].

The adolescent age group is more vulnerable to 
brain injuries of all severity levels than adults. 
Traumatic injury to the developing brain may lead 
to long-lasting changes in cognitive potential, per-
haps even with little evidence of an initial deficit 
[14]. A study has investigated the relationship 
between age at injury [before age 7 (n = 16) or after 
age 7 (n  =  20)] and recovery following pediatric 
head injury. Children were evaluated at 4 months 
and 2 years post-head injury. Results revealed that 
children who sustained head injury prior to 7 years 
of age performed poorly than did those injured at or 
after age 7 and that recovery profiles following head 
injury were associated with age at injury. However, 
children injured later in childhood showed recovery 
consistent with that described in adult head injury 
[15], and there is still a protracted recovery from 
concussion in high school athletes [16].

24.3	 �Incidence

Concussions occur in all sports with the highest 
incidence in american football, hockey, rugby, foot-
ball, and basketball [5]. It is estimated that as many 
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as 3.8 million concussions occur in the USA per 
year during competitive sports and recreational 
activities, but 50% of the concussions are not 
reported [5]. The number of head injuries is proba-
bly underestimated due to the fact that the player is 
afraid of being prevented from returning to play [2].

It is a huge public problem, since in the USA 
approximately 1.6–3 million concussions occur 
annually [10]. On a recent paper, it is referred that 
more than 300,000 sports-related concussions 
occur every year in all sports at all levels of com-
petition [6]. In the USA, the incidence rates for 
college athletes range from 5 to 7.9%, and 
approximately 8.9% of all high school athletic 
injuries are concussions [10]. Concussions result 
in more than 100,000 emergency department 
(ED) visits for children and adolescents each year 
[7]. A critical literature review of sport concus-
sion by gender revealed that, after evaluating 
multiple years of concussion data in comparable 
sports, female athletes may be at greater risk for 
concussion than their male counterparts [2, 17]. 
Although younger athletes often have a greater 
incidence of concussion with longer recovery 
time frames [2, 18], children are not frequently 
diagnosed with concussions because rarely is 
anyone on hand to diagnose the injury and young 
players seldom report symptoms [19]. A prospec-
tive 11-year study evaluated the incidence and 
relative risk of concussion in 12 high school 
boys’ and girls’ sports between academic years 
1997–1998 and 2007–2008 [20]. There were 
2651 concussions in 10 926 892 athlete expo-
sures, with an incidence rate of 0.24 per 1000, 
with boys’ sports accounted for 53% of athlete 
exposures and 75% of all concussions. Football 
accounted for more than half of all concussions, 
with the highest incidence rate (0.60). Girls’ foot-
ball had the most concussions among the girls’ 
sports and the second-highest incidence rate of 
all 12 sports (0.35), and they also roughly had 
twice the concussion risk of boys. The authors 
concluded that the concussion rate increased over 
time in all 12 sports and that it might be due to 
actual increased occurrence or greater coding 
sensitivity with widely disseminated guidance on 
concussion detection and treatment [20]. The 
condition might still be underdiagnosed because 
young athletes do not have the cognitive capacity 

to recognize their symptoms as being connected 
to trauma and also they do not realize they should 
inform an adult [19].

24.4	 �Pathophysiology

Direct overt impact on the head is not always nec-
essary to cause a brain concussion. Trauma to the 
brain can result from a rapid acceleration or 
deceleration, with change in the head’s velocity, 
and this can cause detrimental effects in the brain 
tissue [13, 21]. Acceleration and deceleration 
forces shake the brain inside the skull, setting off 
a cascade of neurometabolic changes occurring 
right after the head trauma, causing functional 
changes [6, 22, 23]. There is a neurological “soft-
ware” problem rather than a “hardware” problem 
[7], although some microscopic changes do occur 
[21]. The forces applied to the brain generate a 
chemical cascade in the brain, where ionic imbal-
ances, energy depletion, synaptic dysfunction, 
and neuronal injury/loss develop [14, 23]. Cell 
ion channel dysfunction, increased extracellular 
potassium and glutamate, activation of N-methyl-
D-aspartate receptors, neuron depolarization, 
glial activation, altered brain glucose metabolism, 
and release of excitatory amino acids are involved 
[6, 7]. Furthermore, there is release of glutamate, 
efflux of potassium, and influx of calcium, lead-
ing to an increase of energy consumption in order 
to restore homeostasis. The temporary less effi-
cient anabolic metabolism consumes more glu-
cose, which will be depleted (and more is needed), 
but the delivery is compromised by the decrease 
in cerebral blood flow [3, 7]. If physical or cogni-
tive activity becomes excessive, the cycle of inad-
equate metabolism and energy is perpetuated, and 
symptoms worsen [7]. The calcium itself jeopar-
dizes the energetic metabolism at the mitochon-
drial level, and it facilitates the cell death as well 
[3, 14]. Although the increase in the calcium level 
lasts for 2 days, the energy production problem 
can last for 10 days [3]. Also, intra-axonal cal-
cium flux has been shown to disrupt neurofila-
ments and microtubules, impairing posttraumatic 
neural connectivity [14]. Intracellular magnesium 
levels are also reduced after concussion and 
remain low for up to 4 days, and decreased  
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magnesium levels may lead to neuronal dysfunc-
tion via multiple mechanisms [14]. In summary, 
there are several metabolic, hemodynamic, struc-
tural, and electric changes that alter normal cere-
bral function [23].

24.5	 �Risk Factors

The type of sport itself may be a risk factor. Football 
is also played with the head, and almost 2% of the 
injuries sustained at FIFA World Cups™ resulted 
in concussion [1]. Contact and collision sports are 
those where contusions occur most often. Also, the 
rules of the game and the protective equipment 
have also a role to play (see Prevention). Under the 
suggestion of the medical committee, FIFA 
changed the rules and now hardly penalizes the 
elbow contusions on the opponent player.

Risk factors for sport-related concussion [5]:

•	 A history of concussion is associated with a 
higher risk of sustaining another concussion, 
particularly within 10 days after initial con-
cussion [24]

•	 A greater number, severity, and duration of 
symptoms after a concussion are predictors of 
a prolonged recovery

•	 In sports with similar playing rules, the 
reported incidence of concussion is higher in 
female athletes than in male athletes

•	 Certain sports, positions, and individual play-
ing styles have a greater risk of concussion

•	 Youth athletes may have a more prolonged 
recovery and are more susceptible to a con-
cussion accompanied by a catastrophic injury

•	 Pre-injury mood disorders, learning disorders, 
attention-deficit disorders (ADD/ADHD), and 
migraine headaches complicate diagnosis and 
management of a concussion

24.6	 �Diagnosis/Sideline 
Evaluation

It is definitely the most difficult medical evalua-
tion on the injured athlete during a sports event 
due to the lack of specificity and paucity of signs 

and symptoms. Besides, that particular sports 
environment might create more pressure during 
those very few minutes of examination, with 
several thousands of spectators around, with 
national or international broadcast and the coach 
steering at the doctor waiting for information. 
On top of this, there is a conscious player “feel-
ing good” that wants to go back to the game 
without being aware of his brain dysfunction. It 
is very difficult to make a timely diagnosis [25]. 
Robert Cantu states that it is easy to recognize a 
head trauma if the athlete loses conscience, but it 
is far more difficult when that does not happen 
and only a transitory change of the alertness 
exists. In more than 90% of the cases, there is no 
loss of conscience, and only a short period of 
posttraumatic amnesia or loss of the normal state 
of alertness exists [26].

The sideline evaluation should be based on 
recognition of injury and assessment of symp-
toms, cognitive and cranial nerve function, and 
balance. Some signs and symptoms may be 
delayed, and it is advised to keep the athlete out 
of participation when there is any suspicion of 
injury [25]. However, the sideline assessment of 
concussion in the athlete is very difficult to per-
form, due to the sensitivity and specificity of the 
sideline assessment tools [25]. For some people, 
especially nonmedical persons (parents, coaches, 
teachers), the diagnosis might not be so obvious, 
and if there is any doubt after a head trauma, the 
athlete must be removed from the training or 
game [10, 13].

It is fundamental to be aware of the mecha-
nism of the injury, and a temporal relationship 
must be established [4]. Was there a fall over his/
her head? Or a trauma from the opponent’s elbow, 
head, or stick? Did he hit the goal or the wall of 
the gym? Then, it is important to see if the athlete 
stays on ground or soon after he got up, although 
this is not very important for the diagnosis.

A trauma to the head must be considered an 
emergent medical situation, where brain concus-
sion might be present. The ABC (airway, breath-
ing, circulation) of the basic life support must be 
started without delay. The signs and symptoms 
are nonspecific, the athlete may present a wide 
variety of symptoms, the headache is the most 
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common [10], and they can last from minutes to 
months and even longer in a small number of 
cases [9]. Also very often reported are dizziness, 
confusion, and disorientation [10]. In less than 
10% [10] to 20% of the cases, there is loss of 
conscience [9], and 95% of concussed athletes 
wake up in seconds or minutes [19], which means 
the doctor, rarely, finds an athlete unconscious 
when he reaches the injured player. Other somatic 
and cognitive symptoms/signs are present [4]. 
Also, a trauma to the head might cause injury to 
the brain and to the cervical spine, and the initial 
evaluation should also include the examination of 
the neck in order to exclude any spine injury [4]. 
Palpation of the spinous process of the cervical 
spine must be performed, and, at the same time, 
paresthesia symptoms in the extremities must be 
ruled out. However, caution with the mobiliza-
tion of the neck must not be forgotten until a spi-
nal injury has been excluded [10].

According to SCAT3 [12], concussion should 
be suspected in the presence of:

•	 Symptoms (e.g., headache)
•	 Physical signs (e.g., unsteadiness)
•	 Impaired brain function (e.g., confusion)
•	 Abnormal behavior (e.g., change in 

personality)

The American College of Sports Medicine 
(ACSM) describes the “red flag” symptoms after 
brain trauma that needs emergency care [13]:

•	 Increasing confusion or headaches
•	 Vomiting, double vision, or unequal pupils
•	 Irritability or behavior change
•	 Drowsiness or fading in and out of 

consciousness

Again, the ACSM divides the symptoms in 
four categories [13]:

•	 Physical symptoms – headaches, nausea, diz-
ziness, vision or balance problems, sensitivity 
to light or noise

•	 Cognitive symptoms – feeling mentally slow 
or foggy, trouble concentrating, trouble 
remembering

•	 Emotional symptoms  – irritability, sadness, 
nervousness, feeling more emotional than 
usual

•	 Sleep-related symptoms  – sleeping more or 
less than usual, drowsiness, trouble falling 
asleep

By personal experience during 2 years with 
several cases of brain concussion in a first 
Portuguese football league revealed that the 
symptoms/signs found on the pitch right after the 
head trauma were:

•	 Headache
•	 Confusion, disorientation, fogginess
•	 Unsteadiness
•	 Vision disturbance – black spot (one player)

No cases of loss of consciousness, vomiting, 
or other usually described signs/symptoms were 
reported. In some cases the symptoms were very 
subtle, and the personal awareness for this situa-
tion might have helped to recognize the brain 
concussion.

A systematic review of 5437 abstracts and 
1362 full-text publications, where only twenty-
six studies met all criteria required to be used in 
the analysis, revealed that the prevalent and con-
sistent indicators of concussion were the follow-
ing [27]:

•	 Observed and documented disorientation or 
confusion immediately after the event

•	 Impaired balance within 1 day after injury
•	 Slower reaction time within 2 days after injury
•	 Impaired verbal learning and memory within 

2 days after injury

There is a battery of tests to check any distur-
bance, such as neuropsychological tests and pos-
tural stability tests [4, 5, 28], but concussion is 
still a clinical diagnosis [5, 17]. CT and MRI are 
usually normal, but the functional MRI (fMRI) or 
the diffusion tensor imaging (DTI) may help in 
the diagnosis of sports-related concussion. These 
tools are only used in research studies and are not 
available in the clinical setting [6, 9, 13, 21]. At 
the microscopic level, the examination of brain 
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tissue from primates exposed to concussion 
revealed axonal shear strain on autopsy. Shear 
strain injury is observed as the tearing or stretch-
ing of axons, but is totally useless in the clinical 
setting [21].

A subcommittee of the American Academy 
of Neurology graded symptom checklists, and 
the Standardized Assessment of Concussion, 
neuropsychological assessments, and the 
Balance Error Scoring System are the tools to 
investigate the concussion [24], but the capacity 
of neuropsychological tests to detect deficits 
suggestive of concussion is of doubt [27]. The 
magnetic resonance spectroscopy and diffusion 
tensor imaging prove to be effective clinical 
tools for both prognostic and treatment parame-
ters [23].

In order to help the medical evaluation and the 
decision making, a group of medical experts 
gather together in Zurich (November 2012) and 
produced a very useful tool to deal with the brain 
concussion.

24.6.1	 �SCAT3

The SCAT3 [12] is a standardized tool to be used 
by medical professionals in the evaluation of 
injured athletes with brain concussion. It is 
applied to athletes older than (and including) 13 
years old. For ages 12 and under, there is the 
Child SCAT3. For nonmedical professionals the 
Concussion Recognition Tool should be used. 
The testing performed on the beginning of the 
season gives baseline values to be compared with 
post-injury test scores. The authors advise that 
the SCAT3 should not be used solely to make or 
to exclude the diagnosis of concussion in the 
absence of clinical evaluation and an athlete with 
a normal SCAT3 can have a brain concussion. 
Instructions to conduct the questions and the tests 
are included.

It is stated in SCAT3 that “if any of the follow-
ing signs are observed after a direct or indirect 
blow to the head, the athlete should stop partici-
pation, be evaluated by a medical professional 
and should not be permitted to return to sport the 
same day if a concussion is suspected:

•	 Any loss of consciousness
•	 Balance or motor incoordination (stumbles, 

slow / labored movements, etc.)
•	 Disorientation or confusion (inability to 

respond appropriately to questions)
•	 Loss of memory
•	 Blank or vacant look
•	 Visible facial injury in combination with any 

of the above”

And, “any athlete with a suspected concussion 
should be:

•	 removed from play
•	 medically assessed
•	 monitored for deterioration (i.e., should not be 

left alone) and
•	 should not drive a motor vehicle until cleared 

to do so by a medical professional

No athlete diagnosed with concussion should 
be returned to sports participation on the day of 
injury.”

Similar considerations were proposed by the 
American Medical Society for Sports Medicine 
Position Statement about the concussion in sport 
[5]:

•	 “Any athlete suspected of having a concussion 
should be stopped from playing and assessed 
by a licensed healthcare provider trained in 
the evaluation and management of 
concussions

•	 Recognition and initial assessment of a con-
cussion should be guided by a symptoms 
checklist, cognitive evaluation (including ori-
entation, past and immediate memory, new 
learning and concentration), balance tests and 
further neurological physical examination

•	 Balance disturbance is a specific indicator of a 
concussion, but not very sensitive

•	 Imaging is reserved for athletes where intrace-
rebral bleeding is suspected

•	 There is no same day RTP (Return-To-Play) 
for an athlete diagnosed with a concussion

•	 Athletes suspected or diagnosed with a con-
cussion should be monitored for deteriorating 
physical or mental status”
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The SCAT3 also includes the evaluation of the 
Glasgow Coma Scale (best eye, verbal and motor 
response) that should be recorded for all athletes 
with subsequent deterioration [12] (Table 24.1).

The Maddocks score results from the answers 
of five questions, and it helps only on the side-
line diagnosis of concussion. The best response 
of the player is recorded, and the correct answer 
receives one point (maximum 5 points). The 
questions are:

•	 What venue are we at today?
•	 Which half is it now?
•	 Who scored last in this match?
•	 What team did you play last week/game?
•	 Did your team win the last game?

The SCAT3 also includes instructions for the 
follow-up and serial testing, and that includes:

•	 Questions about the background
•	 Symptom evaluation, with 22 questions, rated 

from zero to six according the intensity (none, 
mild, moderate, severe)

•	 Cognitive and physical evaluation (Standardized 
Assessment of Concussion – SAC)

–– Orientation
–– Immediate memory
–– Concentration (digits backward and month 

in reverse order)
•	 Neck examination
•	 Balance examination
•	 Coordination examination
•	 SAC delayed recall

On the last page of the SCAT3 document, a 
special alert is included about signs or problems 
that can arise during the coming hours or days, in 
which case the player has to contact a doctor or 
go to a hospital:

•	 Have a headache that gets worse
•	 Drowsy or can’t be awakened
•	 Can’t recognize people or places
•	 Have repeated vomiting
•	 Behave unusually or seem confused
•	 Is very irritable
•	 Have seizures
•	 Have weak or numb arms or legs
•	 Are unsteady on their feet
•	 Have slurred speech

24.7	 �Treatment

According to the American Medical Society for 
Sports Medicine, the care of these athletes is ide-
ally performed by healthcare professionals with 
specific training and experience in the assessment 
and management of concussion [4]. In general, 
there is no specific treatment for concussion, but 
for children and adolescents, a more conservative 
approach should be considered [4], and children 
and adolescents who sustain a concussive brain 
injury should be closely monitored over time for 
the later appearance of neurobehavioral abnor-
malities [14].

The treatment is rest and vigilance until symp-
toms resolve and medically cleared. The rest 
should be physical and mental as well. It is wisely 
advised that after brain injury/concussion, there 
should be cognitive rest along with physical rest 
[4, 12, 13, 22]. The complete rest must be 
respected in the 24–48  h after the concussion 

Table 24.1  Glasgow Coma Scale (best eye, verbal and 
motor response)

Best eye response (e)

No eye opening 1
Eye opening in response to pain 2
Eye opening to speech 3
Eyes opening spontaneously 4
Best verbal response (v)

No verbal response 1
Incomprehensible sounds 2
Inappropriate words 3
Confused 4
Oriented 5
Best motor response (m)

No motor response 1
Extension to pain 2
Abnormal flexion to pain 3
Flexion/withdrawal to pain 4
Localizes to pain 5
Obeys commands 6
Glasgow Coma Score (e + v + m) 15
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[12]. There shall be special caution with the med-
ication: sleeping pills, aspirin, anti-inflammatory 
drugs, and sedating pain killers shall not be pre-
scribed, and alcohol is not permitted [12]. 
Paracetamol is allowed for the headache. 
Sometimes the player during the recovery period 
might still complain of dizziness, neck pain, and 
headaches, attributed to cervical spine and ves-
tibular system involvement, justifying cervical 
spine and balance treatments [6].

Students with a concussion must be restricted 
from physical activity, sports, or playground 
activity in order to protect the student-athlete 
from sustaining another blow to the head with 
already more vulnerable brain and because phys-
ical activity can cause symptoms to worsen dur-
ing the early stages of recovery [7]. The goal is to 
limit cognitive activity to a level that is tolerable 
and that does not exacerbate or cause the reemer-
gence of symptoms [22]. Any mental exercise 
should be avoided in order to prevent any exces-
sive strain on the neurometabolic processes in the 
brain [3] and that includes, but is not limited to, 
playing video/computer games; watching mov-
ies/TV; using the computer, the tablet, or the 
mobile phone; reading or writing; listening to 
loud music; making crosswords; and any activity 
that requires processing speed, new learning 
retention, and working memory [4, 13, 22]. 
Symptom exacerbation follows cognitive activity 
(cognitive exertion effect) [22] and that is why 
the cognitive rest during the period of recovery 
after a brain injury has been considered impor-
tant [7, 29]. The increased cognitive activity is 
associated with longer recovery from concussion 
[30].

24.8	 �The Recovery/the Prognosis

The medical team is always asked about the 
moment the player is coming back to sports, and 
predicting a prognosis would be very helpful. 
However, the recovery time is highly variable, 
ranges from days to weeks, and is not easily pre-
dicted at the time of injury [31]. It is important to 
have meaningful return-to-play criteria [21], and, 
fortunately, in 80–85% of athletes, brain dys-

function resolves within 10 days [6]. Most people 
with concussion will recover in 7–14 days [13]. 
American football players who sustained a con-
cussion recovered the performance of the unin-
jured controls within 5 to 10 days after injury 
[21]. The cognitive performance deficits in con-
cussed athletes may persist up to 7 [27, 31] and 
even to 14 days in some cases [31].

However, some athletes may be symptomatic 
for longer periods, and caution and good follow-
up must be implemented. A systematic review of 
the highest quality literature about concussion 
was published in 2014 [27], and the answers to 
the question “What are the most common signs, 
symptoms, and neurologic and cognitive deficits 
within three months after a potential concussive 
event?” revealed:

•	 The prevalence of loss of conscience ranged 
from 1% to 14.3% (evidence from 10  
studies)

•	 The prevalence of posttraumatic amnesia 
ranged from 2% to 29.7% (evidence from 
seven studies)

•	 The prevalence of retrograde amnesia ranged 
from 7.4% to 53.3% (evidence from five 
studies)

•	 The prevalence of disorientation/confusion 
ranged from 18% to 44.7% (evidence from 
three studies)

The recovery from the concussion varies 
among the athlete-students. The capacity to read 
without headache or reduced concentration can 
last for 30 min for some, and others will experi-
ence fatigue only after 15 min, but the tolerance 
for a cognitive activity is expected to increase as 
the recovery proceeds [22]. One week of cogni-
tive and physical rest was enough to return to 
baseline on the neurocognitive assessment [22], 
but the patients involved on more cognitive activ-
ity after a concussion took longer time to recover 
[24]. Naomi J. Brown et al. [30] conducted a pro-
spective cohort study of patients who presented 
to a Sports Concussion Clinic within 3 weeks of 
injury to determine the effect of cognitive activity 
level on duration of post-concussion symptoms. 
Thirty-five patients were included in the study 
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(mean age of participants was 15 years), 19% 
reported a loss of consciousness, and 37% 
reported amnesia at the time of injury. The 
authors concluded that the increased cognitive 
activity is associated with longer recovery from 
concussion.

The neurocognitive test results and the self-
reported symptom data had prognostic value in 
determining time to clinical recovery, and head-
ache symptoms were associated with longer time 
to clinical recovery [32]. The study by Lau, B. C. 
et al. [33] investigated cutoff scores in neurocog-
nitive testing and symptom clusters that predict 
protracted recovery from concussions in high 
school athletes. A computer-based neurocogni-
tive test battery (Immediate Post-Concussion 
Assessment and Cognitive Testing) was applied 
on the first 48-h post-concussion and then before 
return to play. Athletes were classified as pro-
tracted recovery (>14 days) or short recovery 
(≤14 days). The authors concluded that there are 
numerical thresholds for clinicians to predict 
which concussed athletes will have a protracted 
recovery [33], and this information can be given 
to the coach. In the study of Iverson G, [34], 
“within 72 hours after injury, athletes with com-
plex concussions performed poorly on neuropsy-
chological testing and reported more symptoms 
than those with simple concussions. Athletes with 
complex concussions who were slow to recover 
were 18 times more likely to have three unusually 
low neuropsychological test scores than those 
with simple concussions.” This case-control study 
included high school football players, all com-
pleted a computerized neuropsychological 
screening evaluation within 72  h of injury, and 
they were clinically followed until they recovered 
and were cleared to return to play. Another cohort 
study (level of evidence grade 2) was undertaken 
to determine which on-field signs and symptoms 
were predictive of a protracted (≥21 days) versus 
rapid (≤7 days) recovery after a sports-related 
concussion [35]. The sample included 107 male 
high school football athletes who completed com-
puterized neurocognitive testing within an aver-
age 2.4 days after injury, and the results showed 
that dizziness at the time of injury was associated 
with a 6.34 odds ratio of a protracted recovery 

from concussion. Surprisingly, the remaining on-
field signs and symptoms were not associated 
with an increased risk of protracted recovery in 
the current study [35].

The return to academic activities should grad-
ually be increased, the amount of the time related 
to mental activities is progressive and accord-
ingly to the symptoms, and usually in a period of 
10 days, one has resumed the normal academic 
life [3]. Besides cognitive rest, physical rest is 
important, and the player is not allowed to train, 
to play, or to travel for a competition [6]. 
However, as soon the athlete starts to experience 
symptoms related to the concussion, he should 
stop the mental activities and get in cognitive rest 
once again [3].

Several criteria should be met to determine the 
endpoint of recovery [7]:

•	 Return of neurocognitive functioning to pre-
injury levels

•	 Return of balance function to pre-injury 
levels

•	 Absence of symptoms (or return to pre-injury 
levels) when the individual is at rest

•	 Absence of symptoms when the individual 
engages in physical or cognitive activity

24.9	 �Return to School

Return to school after a concussion is a signifi-
cant aspect of concussion management and 
requires an evidence-based, practical set of 
guidelines [9] because most children and ado-
lescents look physically normal after a concus-
sion and school officials often fail to recognize 
the need for academic or environmental adjust-
ments [29]. Concussion recovery is variable [4], 
and athletes’ concern is related to the return-to-
play moment and to the repeated concussions 
that might cause structural injuries to the brain 
[19]. However, similar concern must also be 
directed to the return to school and to the aca-
demics activities, because these involve activity 
on a debilitated brain, and physical activity and 
cognitive activity are sources of neurometabolic 
demand on the brain, which will delay the 
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recovery from the concussion [7, 22]. The indi-
vidual’s sensitivity to physical and cognitive 
exertion before taking a decision must be con-
sidered [7], and the student-athletes should 
return to their academic and sports activities 
smoothly and safely [3].

Reduced workload and extended time for 
tests while recovering from a concussion must 
be considered to the returning student [5]. 
Symptom checklists; neuropsychological tests, 
which are more sensitive for subtle cognitive 
impairment than clinical exam [5]; and postural 
stability tests are tools that have been used to 
monitor recovery [4] and to decide the moment 
to get back to the nonrestricted full play [3]. 
However, the athlete must be asymptomatic at 
“rest,” and no symptoms are elicited by either 
cognitive activity or physical activity before 
return-to-sports participation is considered. A 
graded physical and cognitive activity progres-
sion is implemented [22].

There is a discussion about the routine use of 
baseline neuropsychological testing in order to 
better interpret the post-concussion scores. A 
subcommittee of the American Academy of 
Neurology is in favor of a baseline testing, espe-
cially because in some people the neurocognitive 
testing results might be compromised (previous 
concussion, for instance) [24]. Also, the National 
Collegiate Athletic Association (NCAA) from the 
USA recommends baseline assessments for stu-
dent-athletes that should include the search for 
symptoms, balance and cognitive assessments, 
and neuropsychological tests. Other authors state 
that there is insufficient evidence to recommend 
the widespread routine use of baseline neuropsy-
chological testing, although they recognize the 
great clinical value of this tool to evaluate the 
concussion [12]. Neurocognitive assessment is 
very important in concussion management, even 
in those cases without baseline assessment, and it 
is another tool to help to make a decision [3], 
together with the assessment of the symptoms 
and other cognitive and balance evaluation, such 
as those indicated in SCAT3 [12]. Besides, it 
seems that neurocognitive assessments may be 
more sensitive to recovery than symptoms alone 
in concussion management [5, 28], although the 

information gathered from the analysis of the 
symptoms must be considered of high value.

The timing for the neurocognitive assessment 
has been considered, and it has been suggested 
to be performed 72 h after the concussion [29], 
because it can provide more information in rela-
tion to analysis only of the symptoms, like a 
protracted recovery [5, 28, 29, 32, 33], although 
the ideal timing, frequency, and type of neuro-
psychological testing have not yet been deter-
mined [5]. However, most concussions can be 
managed appropriately without the use of neu-
ropsychological testing, and it should not be 
used in isolation [5]. At 72-h post-concussion, 
the analysis might indicate the need for more 
time to recover and to postpone the return to 
school and the need for more cognitive (and 
physical) rest [3]. Any increase on both physical 
and mental activities will increase the metabolic 
activity of the brain and it will delay the recov-
ery [9, 22].

24.10	 �Return to Play

The strong desire of the athletes to compete and 
to return to play might induce the sports commu-
nity to minimize the seriousness of injuries and to 
promote a too early return [22]. The gradual 
return-to-play protocol for sports activity begins 
after complete resolution of symptoms during 
physical rest and no symptom return with cogni-
tive exertion [5, 7, 13]. However, during this 
period the player must continuously be moni-
tored for signs and symptoms of deterioration 
[10]. The premature return to sports is dangerous, 
not only because the decreased reaction time 
could increase the risk of injury but also the ath-
lete can suffer another concussion leading to the 
second impact syndrome (see below) [5, 7]. The 
nonelite athlete may not have the same resources 
available as the elite athlete, and he/she will gen-
erally be managed more conservatively [32]. 
Younger athletes are often managed with less 
expertise and with limited resources [32]. There 
should be medical clearance to allow the player 
to get back to training and competition [5, 6], and 
caution and systematic evaluation should be 
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undertaken before returning athletes with con-
cussion to competition. Sole reliance on the self-
report of the athlete may be inadequate [16].

Progression is the rule, and the athlete should 
gradually increase both the physical and the con-
tact demands [5]. However, the player must step 
back on his physical preparation whenever the 
symptoms reappear, because this is a signal that 
the brain’s dysfunctional neurometabolism is 
being pushed beyond its tolerable limits [22], and 
the athlete should revert back to the previous 
asymptomatic stage and resume the progression 
after 24 h [10].

The player can do aerobic exercise (AE) at 
intensity between 80% and 90% of the target 
heart rate, 20 min/day, and the target HR can be 
increased by 5–10  bpm every 1–2 weeks 
depending on individual recovery rate. When 
athletes can exercise at their usual perceived 
exertion in competition for 20  min without 
symptom exacerbation, they are physiologically 
recovered [6].

According the First International Conference 
on Concussion in Sport, Vienna 2001, the gradual 
return to play in sports takes place in five pro-
gressive steps [36], with careful monitoring for 
return of any post-concussive symptoms at each 
stage:

•	 1st step – Light physical activity not involving 
any jarring of the head (e.g., walking, 
elliptical, or stationary bicycle) for relatively 
short periods of time

•	 2nd step – Increase in the intensity and dura-
tion of activity with the introducing move-
ment such as jogging and sport-specific drills

•	 3rd step – Increase of the intensity and dura-
tion of physical activity incorporating move-
ment in all three planes (forward-backward, 
side to side, and up and down)

•	 4th step  – Participation in controlled scrim-
mages or other supervised contact play

•	 5th step  – Participation in full contact 
competition

According to SCAT3, the returning of the ath-
letes to play should follow a stepwise supervised 
program, with stages of progression [12]. An 

example is given (there should be at least 24 h (or 
longer) for each stage and if symptoms recur) 
(Table 24.2).

The American College of Sports Medicine 
proposes the following schedule [13]:

•	 Day 1 – Low level of activity (walking, slow 
jogging)

•	 Day 2  – Increased the intensity of jogging, 
running, or biking

•	 Day 3 – Heavy noncontact activity, including 
sprinting

•	 Day 4 – Contact activity in controlled practice 
situation

•	 Day 5 – Full participation

Table 24.2  Example of a stepwise supervised program 
that return-to-play athletes should follow

Rehabilitation 
stage

Functional 
exercise at each 
stage of 
rehabilitation

Objective of 
each stage

No activity Physical and 
cognitive rest

Recovery

Light aerobic 
exercise

Walking, 
swimming or 
stationary cycling 
keeping intensity, 
70% maximum 
predicted heart 
rate. No resistance 
training

Increase heart 
rate

Sport-specific 
exercise

Skating drills in 
ice hockey, 
running drills in 
football. No head 
impact activities

Add movement

Noncontact 
training drills

Progression to 
more complex 
training drills, e.g., 
passing drills in 
football and ice 
hockey. May start 
progressive 
resistance training

Exercise, 
coordination, 
and cognitive 
load

Full contact 
practice

Following medical 
clearance 
participate in 
normal training 
activities

Restore 
confidence and 
assess 
functional 
skills by 
coaching staff

Return to play Normal game play
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24.11	 �Prevention

All sports-related concussions cannot be pre-
vented [6], and there is no unfailing method to 
prevent a concussion from occurring [10]. 
Secondary prevention may be possible by appro-
priate return-to-play management. Understanding 
the mechanism of head trauma in football is a 
good tool to implement some prevention mea-
sures. In a retrospective study, a questionnaire 
was applied to 451 players from the German 
Football Association, with a history of injury, 
where they described the accident and the play-
ing situation. For head injuries, head on head was 
the most common mechanism of injury in duels 
(41.4%), and upper extremity (elbow) to head 
only led to injury in 26.4% of cases. These results 
were similar to others indicated in the same paper 
[2]. Certainly these studies helped FIFA to penal-
ize now the use of the elbow as an offending 
agent with a yellow card.

Prevention can be set at four levels:

•	 Rules alterations have been proposed to 
change the incidence of brain concussions. 
The strike of the elbow on the opponents face 
is now not allowed in football. Modifying the 
rules of play would be necessary to reduce the 
incidence of head trauma 2, and enforcement 
of the fair play is also welcomed

•	 The athletic equipment should meet recom-
mended standards for safety. A properly fitted 
mouthguards may reduce the severity and 
incidence of cerebral concussion for specific 
mechanisms of injury [21], although there is 
no current evidence that mouthguards can 
reduce the severity of or prevent concussions. 
In American football, the helmets should be 
inspected, reconditioned, or replaced every 
year to ensure they meet safety standards [10], 
but, again, evidence has not shown reduction 
of the incidence and severity of concussions

•	 Athletes should know the rules and avoid 
unnecessary physical contacts that can jeopar-
dize their and the opponent’s health. In 
American football, proper training for contact 

on the sports field is also essential, and avoid-
ance of spearing (using the head to tackle) will 
help a lot. Football players have to use proper 
form to head the football ball, to develop 
strong neck muscles, and they should tense 
them before heading the ball. This will help to 
dissipate the energy from the head to the torso 
and reduce the velocity change of the head 
[10, 21]. Some football organizations recom-
mend not introducing heading until at least 
age 10 [19]
Ice hockey is a game with risks of injury, brain 
concussion included, and efforts have been 
made to prevent the injuries. Player-to-player 
contact contributes with 50% of head impacts 
in male and female leagues, followed by con-
tact with boards and ice. Extrinsic and intrinsic 
risk factors must be considered for prevention. 
The helmets effectively decrease the impact 
energy, although they don’t prevent the brain 
concussion. Again, there is no scientific evi-
dence to guarantee the usefulness of the 
mouthguards. On the other hand, not infre-
quently, helmets and mouthguards are not 
worn according the manufacturers’ instruc-
tions [6]

•	 Coaches have also a role as far as prevention is 
concern. Teaching the proper techniques and 
avoiding some risks behaviors are in their 
hands

24.12	 �FIFA and UEFA Legislation

In September 2014, both UEFA and FIFA cre-
ated legislation about brain concussion in foot-
ball, giving the attending doctor more time to 
make the medical assessment on the pitch. Now, 
in case of a potential brain concussion after head 
or cervical trauma, the team doctor has 3 min to 
complete an on-pitch evaluation of the injured 
player. He can take longer whenever the player 
must be treated or immobilized for transporta-
tion. The referee must be informed of this sus-
pected incident of concussion. Now, the player 
can only proceed in the game after being cleared 
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up by the team physician, which is the only per-
son capable of such decision. No one else, coach 
or member of the board, is allowed to interfere 
with the return-to-play decision. FIFA states, 
that “the referee will only allow the injured party 
to continue playing with the authorisation of the 
team doctor, who will have the final decision” 
[37].

24.13	 �The Second Impact 
Syndrome (SIS)

This syndrome occurs when the player receives a 
second head injury while still symptomatic from 
a previous head injury [13, 19, 38, 39]. The 
symptoms from the first head injury still persist. 
Even a relatively mild impact, which can occur 
from days to weeks following the first head 
trauma on a dazed player, can cause this syn-
drome [38, 39]. There should be a lot of attention 
to a concussed player, because he/she is more 
susceptible to a second concussion with perma-
nent sequela [40], and the SIS is the worst acute 
outcome, with 50% mortality and 50% morbidity 
rates [19]. It is a rare condition, with only a few 
cases worldwide identified each year [19], but a 
study published in 2000 revealed that 38% of the 
American football players suffering of SIS were 
playing while still symptomatic from a prior head 
injury sustained during that season 38, which jus-
tifies more awareness after the first brain concus-
sion. The Center for Disease Control reports an 
average of 1.5 deaths per year from sports con-
cussions, and in most cases, a concussion, usu-
ally undiagnosed, had occurred prior to the final 
one [39].

It was first described in 1973 by Richard 
Schneider in two young athletes who experienced 
initial concussive syndromes and subsequently 
died after a relatively minor second head injury. 
Later, in 1984, this condition was described as the 
second impact syndrome on a 19-year-old college 
football player who suffered a head injury with 
brief loss of consciousness, returned to play, 
reported a headache, and died 4 days later. Further 

investigation didn’t reveal any space-occupying 
hematoma, but an extensive cerebral edema [40].

According to Robert Cantu [38], usually after 
the second impact, that can be minor and on the 
chest, the player does not have loss of conscience, 
but appear stunned, may stand on his feet for a 
while and quite suddenly collapses to the ground, 
and become semi-comatose with rapidly dilating 
pupils, loss of eye movement, and respiratory 
failure.

The pathophysiology underlining the SIS is 
related to brain swelling, consistent with dysauto-
regulation [38], which causes cerebral edema, 
increased intracranial pressure, and subsequent 
brain herniation, leading to collapse and death 
within minutes [38, 39]. The patient is uncon-
scious within a minute due to rapid brain swelling 
linked to a loss of autoregulation of the brain, 
making SIS especially serious [19] that can be 
fatal [13]. Also, the concept of post-concussive 
vulnerability, with worsening metabolic changes 
within the cell [5], along with the several meta-
bolic, hemodynamic, structural, and electric 
changes that alter normal cerebral function after 
the first impact can increase the brain’s vulnera-
bility to repeat injury and long-term disability [8].

According to Robert Cantu, the acute CT find-
ings include the engorged hemisphere, with ini-
tial preservation of gray-white matter 
differentiation. There is abnormal mass effect 
and midline shift (i.e., the imaging definition of 
“cerebral hyperemia”). The basal cisterns and 
cerebral sulci are completely effaced, and the 
brainstem is distorted. None of patients included 
in their study had concomitant intra-axial injury 
(e.g., contusion or traumatic axonal injury) [38].

24.14	 �The New Concussion 
Consensus

On October 2016, in Berlin, it was held The 5th 
International Consensus Conference on Concussion 
in Sport. It is estimated that the new consensus will 
be released on February 2017 (on-line version) and 
the printing version on May 2017 [41].
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25.1	 �Epidemiology

Cerulli et  al. [1] examined all cases of sports-
related maxillofacial trauma that required opera-
tive intervention over a 5-year period and found 
that the sport involved was football in 73.9% of 
cases.

A 7-year prospective cohort study [2] of 23 
Union of European Football Associations teams 
found that lower extremity injuries were the most 
frequent (87%), with head injuries making up 
only 2% of the total.

On the other hand, a 6-year prospective cohort 
study of 20 Fédération Internationale de Football 
Association tournaments [3] reveals a head/neck 
injury rate significantly greater than that found in 
the Union of European Football Associations 
study. However, only 3% of these injuries were 
fractures, with the vast majority being contusions 
or lacerations (78%).

Kolodziej et  al. [4] retrospectively reviewed 
451 players from the German Football 
Association who had suffered injuries during 
football games. The head was affected in 23.9% 
of cases, and the areas most frequently involved 
were the facial and occipital regions.

Correa et  al. [5] analyzed 113 first division 
matches of the Brazilian Football League in 
2009, finding that in 84.1% of games, at least 1 
craniofacial region-related incident happened, 
with a mean of 2.0 per match.
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Giannotti et  al. [6] analyzed hospital admis-
sions due to football trauma from the Canadian 
Hospitals Injury Reporting and Prevention 
Program, finding that male gender, playing unor-
ganized football, football outside school prem-
ises, playing during the summer/fall, and having 
multiple body injuries, increased the likelihood 
of hospital admission.

Due to exposure and the lack of protection for 
the face, the occasional maxillofacial trauma sus-
tained during football games often entails serious 
facial injuries requiring hospital admissions and 
invasive procedures.

In comparison with other sports (rugby, 
American football, etc.) where physical contact 
occurs more frequently and the higher incidence 
of traumatic events justifies the use of protective 
measures, football is not a particularly violent 
sport. In fact, the low incidence of fractures, 
severity of the lesions, and discomfort caused by 
possible protective masks make their routinely 
use unjustified in football players.

25.2	 �Causes

Maxillofacial traumas in football are caused by 
violent impacts between players that take place 
mainly when the ball is played with the forehead. 
The zygomatic and nasal regions are mainly 
involved. It can be an elbow-head impact or a 
head-head impact. Most studies reveal that 
elbow-head impact is the most frequent [1].

25.3	 �Nasal Trauma

Nasal injuries can include bleeding, septal hema-
tomas, and/or nasal fractures.

25.3.1	 �Epistaxis

Nose bleeding (epistaxis) is one of the most fre-
quent problems due to facial trauma. It may be 
mild with spontaneous resolution or severe with 
the need of hospitalization. For protection of 
every athlete, it is important that the player with 

epistaxis stays outside the game field until bleed-
ing stops.

Most cases of simple epistaxis involve disrup-
tion of the Kiesselbach’s plexus in the anterior 
chamber of the nose. This is usually expediently 
controlled with direct pressure (i.e., pinching the 
nares together during 2–5 min.) and/or the appli-
cation of a vasoconstrictive spray/drop (oxy-
metazoline or phenylephrine) and/or local 
application of ice. In some cases, additional ante-
rior nasal packing with a hemostatic Gelfoam 
will be necessary.

Brisk nasopharyngeal bleeding may occur 
from disruption of the sphenopalatine artery as it 
enters the lateral wall of the nasal cavity. This 
posterior epistaxis requires nasal packing with 
materials that can produce more compression 
into the nose, and in rare cases it may be neces-
sary a bleeding control in an operating room.

25.3.2	 �Septal Hematoma

Septal hematomas deserve special attention 
because of their potential for perichondral injury 
and subsequent necrosis. A septal hematoma 
appears as a purple, grapelike swelling from the 
nasal septum. It may develop minutes or hours 
after the facial trauma. The athlete may feel a 
unilateral or bilateral nasal obstruction and is 
mandatory a prompt treatment in order to avoid 
further important complications. Incision and 
drainage followed by anterior nasal packing may 
prevent the possibility of septal necrosis, infec-
tion, impaired breathing, and altered cosmetic.

25.3.3	 �Nasal Fractures

The common perception of the broken nose as 
innocuous may account for its high rate of under-
treatment. However, a poorly managed acute 
nasal fracture leads to chronic nasal deformities 
and, sometimes, breathing difficulties that may 
impair the performance of competitive athletes.

Nasal fractures account for approximately 
50% of sports-related facial fractures; 15% of 
those fractures are recurrent. Because of its 
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prominent location on the face, the nose is the 
most commonly fractured facial structure in 
football.

Nasal bones are thicker superiorly near the 
radix and thinner and more prone to fractures 
inferiorly as they approach the “keystone” area. 
Fractures in this region were often accompanied 
by nasal bleeding.

25.3.3.1	 �Examination and Diagnosis
The diagnosis of a nasal fracture is made clini-
cally. The most common findings in a nasal frac-
ture include epistaxis, swelling and tenderness of 
the nasal dorsum, bruising around the eyes, and 
an obvious nasal deformity. Palpation of the nasal 
bones can demonstrate mobility, irregular sur-
face, or crepitus. If the injured athlete reports a 
nasal obstruction during inspiration, the exam-
iner should strongly consider a nasal/septal frac-
ture or dislocation.

The intranasal examination should be con-
ducted under proper lighting with a nasal specu-
lum. The examiner can spray the intranasal 
structures with a vasoconstrictor such as phenyl-
ephrine or oxymetazoline if that would allow for 
better visualization.

During a football match, a diagnosis of an 
unstable nasal fracture is an indication for the 
athlete to stop playing.

25.3.3.2	 �Treatment
The indications for treatment of nasal/septal inju-
ries by a physician are persistent bleeding and 
obvious external nasal deformity. Any open 
wounds must be treated with copious irrigation, 
and to minimize swelling, ice can be used. 
Swelling that occurs over time obscures the 
deformity and makes acute closed reduction dif-
ficult. If swelling has also occurred, waiting at 
least 4–7 days for the swelling to subside before 
treating the nasal fracture is prudent [7].

Treatment can be limited to a simple closed 
reduction of the nasal bones using topical and 
local anesthesia or can be a more involved open 
reduction of a fractured or severely dislocated 
septum and/or nasal dorsum in the operating 
room. The realigned septum or nasal bones are 
then splinted externally and internally. The 
splints are usually removed in 7–10 days.

Carefully consider the decision to return the 
athlete to competition and the need for nasal pro-
tection. The nasal bones generally heal suffi-
ciently within 4–8 weeks, allowing the athlete to 
return to competition in contact sports. If the ath-
lete resumes competition soon after repair, it is 
strongly recommended that he or she use a pro-
tective facial device of sufficient strength to pre-
vent further injury.
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Every year > 600,000 sports- and recreation-
related eye injuries occur [1]. About 42,000 of 
these are of a severity that requires emergency 
room attention, with roughly 13,500 of these 
resulting in permanent loss of sight. Emergency 
rooms in the USA treat a sports-related ocular 
injury every 13 min. Playing games are respon-
sible for anywhere between 10% and 20% of all 
ocular injuries.

Football ocular injury is an important eye health 
problem in Europe and probably worldwide.

Closed globe injuries account for most sports-
related eye injuries. The anterior segment is the 
portion of the eye most frequently damaged by 
blunt trauma, and hyphaema is the most common 
mode of clinical presentation [2]. The extent of 
ocular damage depends on the size, hardness, and 
velocity of the blunt object, and the force 
imparted directly to the eye. A direct blow to the 
globe from a blunt object smaller than the eye’s 
orbital opening causes rapid anteroposterior 
compression and dilation of the middle of the 
globe, transmitting a great force to the internal 
ocular structures. A blunt object larger than the 
orbital opening (> 5 cm in diameter) exerts force 
on the floor of the orbit or the medial wall, result-
ing in fractures of the thin bones. This ‘pressure-
release valve’ may prevent rupture of the globe; 
however, there is a high incidence of occult inter-
nal ocular injuries [3].

Examples of blunt injuries include orbital 
blowout fracture, orbital and lid contusions, iris 
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injury, traumatic iritis, subconjunctival haemor-
rhage, hyphaema, retinal haemorrhage, commo-
tio retinae, vitreous haemorrhage, choroidal 
rupture, retinal tears, and retinal detachment.

Open-globe injuries are relatively uncommon. 
Such injuries range from mild abrasions to seri-
ous lacerations.

26.1	 �Mechanism of Injury

Although there are differences between the open-
ing of the bony orbit (1.461.6 in.) and the diam-
eter of a standard football ball (8.6  in.), the 
laboratory experiments carried out confirmed 
that football balls deform significantly on impact, 
allowing a small “knuckle” of the ball to enter the 
orbit and impact the globe. Still more, it was 
proved that the football ball is unique among the 
sports balls tested: orbital penetration is lower, 
but the time in the orbit is longer, and during 
rebound a secondary suction effect is produced 
on the orbital contents. The expansion of the eye-
ball perpendicular to the direction of impact has 
been proposed as the major cause of the contu-
sion injuries [4].

The assumption that when a large object such 
as a football ball hits the eye, more energy is 
directly transmitted to the exposed temporal ret-
ina while the nasal retina is protected by the nose 
could explain the predilection of football eye 
injury lesions to the superotemporal quadrant [5]. 
Vitreous haemorrhage was the posterior segment 
injury found in the highest percentage (50%) [6]. 
Firm attachments of the vitreoretinal base in 
young population probably are responsible for 
these haemorrhages.

The need for protective eyewear in football 
remained far less clear than for other sports. 
Probably collisions with other players, resulting 
in a finger in the eye, a head or elbow or knee in 
the eye, etc., are the biggest ocular safety risks in 
football. The ball is large and moves at high rates 
of speed, so it could cause serious ocular trauma, 
corneal abrasion, hyphaema, detached retina, 
etc. This is ‘just part of the game’ to a large 
extent. There are rules to protect players from 
opponents’ feet and knees going above waist 

level. Protective goggles with polycarbonate 
lenses might add a little more security to a mon-
ocular player. Quick reflexes and reaction time 
are probably the best defence for all ocular safety 
risks.

Even though the incidence of an eye injury to 
any given player in one football game is quite 
small, the large number of worldwide football 
players makes this relatively small risk to a given 
individual an injury occurrence problem for soci-
ety [7]. Retinal breaks are the most frequent diag-
nosis in follow-up period [8].

In most cases (80%), retinal tears caused by 
football balls were associated with retinal detach-
ment, which may reveal that much more energy 
transmits to the retina than estimated [6].

Choroidal rupture is a common finding in 
smaller ball traumas (paint ball, tennis, golf) 
rather than football-related ones. It is most tem-
porally located near macula and resulted in poor 
visual outcome. This finding may reveal that 
orbital penetration secondary to football ball is 
deeper than estimated [6].

26.2	 Football Eye Protector

If protective devices are necessary, then perfor-
mance standards must be written to ensure that 
the protective devices will meet the visual 
requirements of the game while reducing the 
probability of injury to a specified level [7]. The 
majority of sports eyewear standards written in 
the USA comes under the jurisdiction of ASTM 
(American Society for Testing and Materials, 
http://www.astm.org/), a non-profit corporation 
organised, as early as 1898, for the development 
of voluntary standards arrived at by consensus, 
with strict guidelines for due process, among all 
interested parties [9].

There are recommendations for ASTM F803 
for subjects who require prescription lenses, for 
functionally one-eyed athletes and for those who 
have had refractive surgical procedures that 
weaken the eye [10]. The use of protective eye-
wear in football was popularised by a well-known 
professional player of the Dutch national team, 
Edgar Davids.
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27.1	 �Introduction to the 
Colorblindness Problem

Colorblindness is the common denomination to a 
congenital alteration related to the incapability to 
distinguish several colors of the spectrum due to 
a visual deficiency (Fig. 27.1).

These people have a normal vision relatively to 
the other characteristics which compose it, even 
though the deficiency hampers or even makes it 
impossible for those afflicted to perform certain 
everyday social and professional tasks. 
Colorblindness affects approximately 350 million 
people – 10% of the world’s population – and it’s 
a handicap usually of genetic origin associated to 
a flaw in the X chromosome. Because of this, 98% 
of color-blind people are male.

The first symptoms of colorblindness are 
detected at school age due to the difficulty in inter-
preting drawings and maps and identifying colored 
pencils. Later in life a color-blind person is prohib-
ited of performing certain jobs, while some profes-
sions will bring added difficulties. Similarly, 
managing daily routine poses problems, as well as, 
for instance, buying and choosing wardrobe as well 
as using maps and signs to provide orientation. 
Even while accessing the Internet, some texts can 
become illegible due to the use of certain colors.

Some companies have started creating web 
pages which can be seen correctly and easily by 
all. This has been possible due to the rising 
awareness that color-blind people represent a 
high percentage of the world population [1–3].
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27.2	 �Objectives 
and Methodologies

Once the problem had been identified, its extent 
and impact on the subjects was evaluated. On a 
first phase of the study, a sample of color-blind 
people was identified and presented with a ques-
tionnaire. Its purpose was to identify the main 
difficulties of the respondents concerning their 
colorblindness and the processes and methods 
used by them to lessen and overcome these 
obstacles.

The collected information was treated and 
analyzed. Based on these results, a conceptual 
basis was defined, capable of constituting a uni-
versal method of graphic color identification, 
easy to comprehend and memorize [4].

27.3	 �Materials and Methods

Using primary colors, represented through sim-
ple symbols, the system was constructed through 
a process of logical association and direct com-
prehension, allowing its rapid inclusion in the 

“visual vocabulary” of the user. This concept 
makes additive color a mental game, which lets 
the colorblind relate the symbols among each 
other and with the colors they represent, without 
having to memorize them individually.

The system proposed is based on the search of 
the pigment color, using as basis the primary col-
ors  – blue (cyan), red (magenta), and yellow its 
additive secondary colors (Fig. 27.2) and not the 
light color (RGB) – because the color-blind person 
does not possess the correct vision of the colors nor 
a tangible knowledge of how their addition works.

Each primary color of the code is associated to 
a graphic form (Fig. 27.3) which represent red, 
yellow, and blue; from these three forms the code 
is developed.

Two additional forms were added representing 
black and white (Fig. 27.3); in conjunction with 
the other elements, they represent lighter or 
darker tons of the colors.

The secondary colors can be formed using the 
basic forms as if “mixing” the primary pigments 
themselves (Fig. 27.4), making their perception 
and subsequently the composition of a color pal-
let easy [5, 6].

Fig. 27.1  Color-blind vision
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Fig. 27.2  Primary color addition – pigment colors

Fig. 27.3  Graphic symbols for three primary pigment colors and white and black

Fig. 27.4  Graphic symbols – three primary colors and their addition
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By associating the icons representing white 
and black to define darker and lighter tones to the 
three basic forms and their additions, a wide pal-
ette is constructed as observed in Fig. 27.5.

Conventional color designations were attrib-
uted to the additions and other combinations of 
colors, especially those used in apparel.

Grey was divided into two tones: light grey and 
dark grey (Fig. 27.6). The importance of gold and 
silver in clothes implies the creation of a specific 

icon. Considering the logic of the codes’ construc-
tion, these colors are represented by the combina-
tion of the dark yellow and the element 
representing shine to define gold; light grey with 
the same element identifies silver (Fig. 27.7).

The totality of the code, represented in Fig. 
27.8, covers a considerable number of colors and 
can be easily conveyed through information 
posted at the sales point, on web sites, or the 
product itself (Fig. A) [7–9].

Fig. 27.5  Graphic representation of color addition with dark and light

Fig. 27.6  Graphic symbols – tons of gray Fig. 27.7  Graphic symbols – gold and silver
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27.4	 �Results

The application of the system is transversal to all 
the areas of the global society, regardless of their 
geographical localization, culture, language, and 
religion, as well as to all the socioeconomic 
aspects.

27.4.1	 �School and Stationery

It is at school age that usually appear the first and 
sometimes traumatic situations and difficulties 
caused by the wrong color identification.

The inclusion of the system in the school and 
stationery leads to inclusion (Figs. 27.9 and 
27.10), allowing the color-blind kid a perfect 
integration, with no doubts and shames.

27.4.2	 �Sports and Sportive Activities

In all sportive activities, especially those 
played in group, color has a decisive role – it 
helps in differentiating teams, players, contes-
tants, etc. In fact, color in sports is so relevant 
that, during the Football World Championship 
in South Africa, the ball initially proposed was 

orange – this fact prevented color-blind people 
from distinguishing the ball from the grass, 
and, after some official requests, the ball was 
changed into a white one, thus allowing  
everyone to see the match in equal conditions 
(Fig. 27.11).

Also in sport competitions and events, color 
is  an important element, not only to identify 
the  physical space of the event but also to per-
mit  identifying the different teams/countries 

Fig. 27.8  Monochromatic graphic code

Fig. A  A more colorful “Rubik Cube”
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Fig. 27.9  School material (real implementation)

Fig. 27.10  National exams (real implementation)
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participating – ColorADD has already been applied 
during the CPLP Games, at Mafra, Portugal (in 
2012), either in team/country identification, through 
the badges, or in the event organization itself.

27.4.3	 �Health and Services

The selection of patients at hospitals is made 
through color. At the ER, an evaluation of the 
grade of “gravity” of a patient is carried out, and 
a bracelet corresponding to a certain grade of pri-
ority is provided.

The inclusion of the system in hospital ser-
vices and spaces where color is an element of 

identification and guidance makes orientation an 
easier task to colorblind.

In many places, color is the element of identi-
fication of the different services (Fig. 27.12).

A colorblind, resulting from its handicap, cannot 
identify the color and its meaning. Also, many medi-
cines have color as an identifying factor (Fig. 27.13).

27.4.4	 �Transports

The Metro system maps are a different context 
but equally valid on what concerns the use of the 
color identification code, in this case to individu-
alize the different transit lines (Fig. 27.14).

Fig. 27.11  Colorblindness simulation – deuteranopia – for a sportive action and logistics
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Fig. 27.12  Heath and hospitals (real implementation)

Fig. 27.13  Heath and hospitals (real implementation)
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Fig. 27.14  Porto Metro map (real implementation)
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Fig. 27.15  Application clothing tags (real implementation)

27.4.5	 �Clothing and Textiles

The developed code can be applied in multiple 
contexts in which color is important. One of 
the most relevant fields of application is in 
apparel, and the color identification symbols 
can be applied to tags or integrated into the 

clothes themselves, similarly to maintenance 
and care information. The simple and stylized 
graphics and its monochromatic nature reduce 
the production cost of the labels in paper or 
cardboard, textile, or stamp (Fig. 27.15) and 
other implementation in cross sector (Fig. 
27.16).
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Fig. 27.16  Examples of different areas where the code is already in use: Recycling bins, City maps and Nutricional 
traffic light

27.4.6	 �ColorADD in Other Sectors
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�Conclusion

Each day society grows more individually 
centered. Each person, sometimes, becomes 
totally dependent on itself, and asking for 
another person’s help, besides creating some 
frustration and feelings of dependence, is not 
always even possible.

The “wrong” interpretation of colors can 
harbor insecurity in social integration of 
the individual whenever the projected per-
sonal “image” is a key factor in rendering 
judgment.

The color identification system, aimed at 
colorblind, can be greatly beneficial to a group 
which represents such a significant percentage 
of the population. Its use, given the character-
istics of the system, means a practically insig-
nificant cost, and its adoption by the industry 
and society can improve the satisfaction and 
well-being of a group of individuals whose 

particular vision characteristics deprive them 
of a fully independent and quiet everyday 
experience of choosing the right color.
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The frequency of football injuries reported in 
medical literature is estimated to be approxi-
mately 10–35 per 1000 playing hours. During 
football tournaments injuries of the lower 
extremity are almost ten times more common 
than upper extremity lesions. However, shoulder 
lesions are seldom seen if we consider the total 
of injuries reported [1]. In the FIFA World Cup, 
one of the most popular sporting events, a total 
of 104 injuries were reported: lower extremity 
accounted to 65.4%, followed by head/neck in 
18.3%, upper extremity 9.6% (10 reports), and 
trunk in 6.7% [2].

Moreover, if we consider a total of 3944 inju-
ries reported from 1546 matches in the World 
Football Tournaments (1998–2012), most inju-
ries affected lower extremity (n  =  2706, 70%), 
followed by injuries to the head and neck 
(n = 577, 15%), trunk (n = 302, 8%), and upper 
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extremity (n = 269, 7%) [3]. Although shoulder 
injuries are relatively rare, once they occur, they 
produce a significant functional impairment that 
can limit performance since football is a demand-
ing activity, in relation to increased velocity of 
playing and blocking and frequency of field hit-
ting, especially for goalkeepers.

In general, traumatic dislocation of acromio-
clavicular and glenohumeral joints are the most 
frequent lesions of the upper extremity in foot-
ball, but fractures may also happen and are the 
most common injury of the forearm and the sec-
ond most common injury to the wrist [4].

Along this chapter we focus on the acute 
upper extremity fractures that might be seen in 
football. They usually occur during falls onto an 
outstretched arm (FOOSH), and goalkeepers 
may also be injured during collisions when 
attempting to catch the ball.

28.1	 �Scapular Fractures

Scapular fractures are rare, accounting for 3–5% 
of shoulder girdle fractures and 1% of all frac-
tures [5]. Scapular fractures generally result from 
injury force through either direct impact or lat-
eral compressive injury but can also be caused by 
indirect forces via axial transmission through the 
humerus or secondary to muscular or ligamen-
tous traction. In football they are very uncommon 
since they usually result from high-impact trauma 
and are associated with serious bony or soft tis-
sue injuries in 80–95% of cases, including pneu-
mothorax, hemothorax, pulmonary injuries, and 
spinal injuries. Fractures are classified according 
to the anatomic area and are grouped into intra-
articular glenoid fossa and rim, extra-articular 
glenoid neck, acromion, coracoid, and scapular 
body (Fig. 28.1).

More than 90% of scapular fractures are non-
displaced or minimally displaced and do well 
with conservative management; however, a spe-
cific subset of fractures may lead to poor out-
comes after conservative treatment.

28.1.1	 �Intra-Articular Glenoid 
Fractures

Intra-articular glenoid fractures generally occur 
by transmission of force through the humeral 
head to the glenoid cavity. They are classified 
according to the Ideberg system with the Goss 
modification, which includes six fracture types 
(Fig. 28.2).

Type I fractures are true glenoid rim fractures, 
but types II–VI are glenoid fossa fractures with 
varying extension through the scapular body. 
Glenoid fractures with minimal displacement and 
angulation are treated conservatively in 90% of 
cases. [6].

A

F

G E

C

B

D

Fig. 28.1  Anatomic classification (Zdravkovic and 
Damholt) (a) scapula body, (b, c) glenoid, (d) scapula 
neck, (e) acromion, (f) scapula spine, (g) coracoid
Type I: Scapula body
Type II: Apophyseal fractures, including the acromion and 
coracoid
Type III: Fractures of the superolateral angle, including 
the scapular neck and glenoid
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28.1.2	 �Extra-Articular Neck Fracture

Glenoid neck fractures are extra-articular, but the 
mechanisms are similar to that of intra-articular 
glenoid fractures, most commonly involving 
humeral head impact on the glenoid after direct 
lateral impact or a FOOSH injury. They can be 
classified into two main categories: Type I frac-
tures, nondisplaced which respond to nonsurgical 
treatment, generally treated symptomatically 
with early range-of-motion exercises. Type II 
injuries involve greater than 1 cm of translational 
fragment displacement or more than 40° of angu-
lar displacement and most often require surgical 
repair. Anatomic neck fractures are inherently 
unstable and require surgical fixation. Surgical 
neck fractures can be unstable when they are 
associated with a clavicular fracture or with cora-
coclavicular and coracoacromial ligament dis-
ruption. This situation denominated by “floating 
shoulder” compels surgical repair. Internal fixa-

tion of the clavicular fracture generally results in 
adequate stabilization for healing of the glenoid 
fracture.

28.1.3	 �Scapular Body Fracture

Approximately 50% of scapular fractures involve 
the scapular body. The mechanisms include 
direct impact onto the scapula and sudden mus-
cular contraction. These fractures respond well to 
conservative management and are usually treated 
nonsurgically in the acute phase. Operative fixa-
tion is rarely indicated, with non-operative mea-
sures generally effective. Open reduction may be 
considered when neurovascular compromise is 
present and exploration is required. Nonunion or 
malunion is uncommon but may require delayed 
surgical fixation if symptomatic, particularly 
with fragment displacement of greater than 
10 mm or if impingement symptoms are present.

Ia Ib II III

IV

VI

Vc

Vb

Va

Fig. 28.2  Ideberg 
classification. (Ia) 
Anterior rim fracture. (Ib) 
Posterior rim fracture. 
(II) Fracture through 
glenoid exiting scapula 
laterally. (III) Fracture 
through glenoid exiting 
scapula superiorly. (IV) 
Fracture through glenoid 
exiting scapula medially. 
(Va) Combination of 
types II and IV. (Vb) 
Combination of types III 
and IV. (Vc) Combination 
of types II, III, and IV. 
(VI) Severe comminution
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28.1.4	 �Acromion Fracture

Fractures of the acromion are very rare and most 
often occur due to a lateral impact, a direct strike 
to the top of the shoulder, or, rarely, impact after 
superior humeral subluxation. They are classified 
with the Kuhn system into three types (Fig. 28.3).

Type I and minimally displaced type II fractures 
can be managed with immobilization. Surgical fixa-
tion is recommended for markedly displaced types 
II and III to reduce the acromioclavicular joint and 
prevent nonunion, malunion, impingement, or rota-
tor cuff injury. Os acromiale must first be ruled out, 
as well as concomitant rotator cuff injuries. When 
displaced, acromion fractures lead to subacromial 
impingement; therefore, they need reduction and 
fixation by dorsal tension band wiring.

28.1.5	 �Coracoid Fracture

Coracoid fractures may appear in football injuries 
as injury mechanisms include a direct blow to the 
shoulder from a lateral impact, muscle avulsion, 
direct humeral head impact during anterior shoulder 
dislocation, and a variant of acromioclavicular joint 

separation. They are classified into two types with 
the Ogawa system. Type I fractures are proximal, 
and type II fractures are distal to the coracoclavicu-
lar ligament insertion. There is no clear consensus 
about the treatment of coracoid process fractures, 
but nondisplaced and minimally displaced fractures 
are most commonly type II and can be treated con-
servatively. Type I fractures are more likely to be 
markedly displaced. When associated with acro-
mioclavicular separation, displaced acromial frac-
ture, clavicular fracture, or glenoid fracture, these 
combinations commonly require surgical treatment. 
Complete third-degree acromioclavicular separa-
tion accompanied by a significantly displaced cora-
coid fracture is an indication for open reduction and 
internal fixation of both injuries.

28.2	 �Clavicle Fractures

Clavicular fractures represent approximately 
2–4% of all fractures and 35–45% of shoulder 
girdle injuries [8]. The most common mechanism 
is fall onto lateral aspect of shoulder that generates 
compression of shoulder girdle, which translates 
into compression and distraction at clavicular 

Type 1A Type 1A

Type lll Type lll

Type ll

Fig. 28.3  Kuhn 
classification
Type I acromion 
fractures are nondis-
placed and include 
Type IA (avulsion) and 
Type IB (complete 
fracture)
Type II fractures are 
displaced laterally, 
superiorly, or anteriorly, 
but they do not reduce the 
subacromial space
Type III fractures cause 
a reduction in 
subacromial space
(Modified from Kuhn  
et al. [7])
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shaft, resulting in clavicular fracture and tear of 
conoid ligament. Less common mechanisms are 
direct impact on the shaft and indirect FOOSH 
mechanisms. Patients usually present with splint-
ing of the affected extremity, with the arm adducted 
across the chest and supported by the contralateral 
hand to unload the injured shoulder.

A careful neurovascular examination is neces-
sary to assess the integrity of neural and vascular 
elements lying posterior to the clavicle. Most 
brachial plexus injuries are associated with prox-
imal third clavicle fractures.

The proximal fracture end is usually prominent 
and may tent the skin. Assessment of skin integrity 
is essential to rule out open fracture. Up to 9% of 
patients with clavicle fractures have additional 
fractures, most commonly rib fractures.

Clavicular fractures are classified according to 
the Allman system. Group I involves the middle 
third of the clavicle and comprises approximately 
80% of clavicle fractures. Group II (15%) 
involves the distal clavicle, and Group III (5%) 
involves the proximal clavicle.

28.2.1	 �Middle Third (Midshaft) 
Clavicle Fracture

More than 75–80% of clavicle fractures occur in 
the midshaft region. Displaced and shortened 
fractures of the mid-third of the clavicle are com-
mon in the young, athletic populations and are 
frequently high-energy sports injuries. It is this 
subgroup of patients with displaced and short-
ened midshaft fractures of the clavicle that often 
requires operative fixation.

In 2005, Zlowodzki et al. [9] found increasing 
age, fracture displacement, female gender, and 
fracture comminution to be associated with the 
development of nonunion and long-term sequelae 
after non-operative treatment. In 2006, Nowak 
et al. [10] found predictable risk factors including 
lack of osseous contact at fracture site, a transverse 
fracture, and increasing age that may cause com-
plications in fracture healing and overall recovery 
and were considered to be indications for opera-
tive treatment. Studies of midshaft clavicle frac-
tures with substantial shortening have reinforced 
these biomechanical findings by demonstrating 

higher patient satisfaction and improved func-
tional outcomes after operative treatment. The tra-
ditional conservative protocol provides positive 
results in more than 90% of athletes treated with a 
figure-8 sling [11]. However, recent reports have 
discussed decreased union rates of displaced mid-
shaft clavicular fractures treated non-operatively. 
Closed treatment may lead to significant deficits, 
whereas surgical management results in an earlier 
and more reliable return to full function [11, 12].

Displaced fractures of clavicle with shortening 
of 15 mm or more have better results with surgery. 
Operative fixation allows earlier rehabilitation with 
a high level of patient satisfaction with respect to 
shoulder function. Pain relief is faster and there is 
no need to use shoulder wraps. Rigid internal fixa-
tion may also allow patients to return to activities 
earlier. Reconstruction plates can be contoured best 
to the three-dimensional anatomy of the clavicle.

Operative management of clavicular fractures 
includes external fixation, intramedullary fixa-
tion, and osteosynthesis with plate and screws 
(Figs. 28.4 and 28.5).

Fig. 28.4  Midshaft clavicle fracture with intramedullary 
fixation

Fig. 28.5  Midshaft clavicle fracture fixed with plate and 
screws
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With respect to displaced fractures, plating of 
460 patients resulted in a nonunion rate of 2.2% 
compared with a nonunion rate of 15.1% in 159 
patients treated non-operatively [13].

An athlete undergoing traditional treatment of a 
clavicular fracture would have been immobilized 
for 3–6 weeks before any range-of-motion exer-
cises were started. However, in the past few years, 
more aggressive treatment protocols for clavicular 
fractures have become popular. Success rates of 
94–100% with low rates of infections and compli-
cations have been reported with plate fixations of 
acute midshaft clavicular fractures [9]. Fixation 
with intramedullary nailing using titanium elastic 
nails has also evolved [13]. With surgical treat-
ment and appropriate rehabilitation, athletes are 
able to return to competition at 6 weeks without 
compromising their health or safety [14, 15].

28.2.2	 �Distal Clavicle Fractures

The distal clavicle fractures (Group II of Allman) 
were divided into five subtypes according to the 
Neer classification modified by Craig [16]. Their 
classification is based on the location of the frac-
ture in relation to the coracoclavicular ligament 
and their intactness (Fig. 28.6).

The Neer type I is a fracture lateral to the cora-
coclavicular ligament attachment, which has very 
minimal displacement. Type II is one which is 
medial to the ligament attachment. It is divided 
into IIA and IIB. In IIA both the conoid and the 
trapezoid ligaments are attached to the distal 
fragment, and in IIB the conoid is detached from 
the proximal fragment, while the trapezoid is 
attached to the distal fragment. Type III is one 
with intra-articular extension. Type IV occurs in 

Fig. 28.6  Clavicle fractures Neer classification
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children where a periosteal sleeve gets avulsed 
from the inferior cortex with the attached coraco-
clavicular ligament, and the medial fragment gets 
displaced upwards. Type V is similar to type II 
which involves an avulsion leaving behind an 
inferior cortical fragment attached to the coraco-
clavicular ligament. Types II and V are unstable, 
and there are many controversies about the best 
management.

The distal clavicle fractures accounts for 2.6–
4% of the total adult fractures, more frequently 
seen in elderly females with osteoporotic bones 
than in young active adult. It can also happen as a 
football injury and may be remembered as dif-
ferential diagnosis of acromioclavicular disloca-
tions. Lateral end fracture constitutes 21–28% of 
all clavicle fractures, and of these 10–52% are 
displaced fractures. Till date there is no gold 
standard treatment recommendation for this 
injury. The unstable nature of these fractures 
makes them prone for nonunion and impeding 
normal shoulder function [17].

Treatment and outcome of the fracture of distal 
clavicle depends on displacement and injury to 
coracoclavicular ligament which makes the frac-
ture unstable. Type 1 injuries are generally stable 
and not displaced and are managed conservatively 
with a sling to support the weight of the limb. Type 
2 injuries are managed similarly but may lead to 
AC joint arthrosis which may deserve a distal clav-
icle resection. Type 4 is just a periosteal disruption 
in children, and bone fills the periosteal sleeve 
resulting in union and remodeling. The manage-
ment of types 3 and 5 is the most controversial 
topic. Both being similar in instability and dis-
placement can be considered together. Different 
treatment modalities are available for their man-
agement. Till date no gold standard technique has 
been described. The treatments available can be 
broadly divided into conservative management or 
rigid fixation such as osteosynthesis with locking 
plate (Fig. 28.7), hook plate fixation, fixation with 
a distal radius locking plate, coracoclavicular 
screws, or Knowles pin fixation. In addition, other 
treatment modalities are simple K-wire fixation, 
tension band wiring, suture anchors, vicryl tape, or 
Dacron arterial graft for coracoclavicular ligament 
reconstruction.

28.2.3	 �Medial Clavicle Fractures

Fractures of the medial third of the clavicle are 
rare and constitute only 2–4% of all clavicle frac-
tures [18]. These fractures have traditionally been 
treated non- operatively, even when they are sig-
nificantly displaced with intervention classically 
being reserved for open fractures or fractures 
with neurovascular compromise [19].

However, non-operative treatment of these 
fractures can lead to poor functional outcomes 
and symptomatic, painful nonunions. Some stud-
ies reported an overall nonunion rate approaching 
15%, and others stated that up to half of patients 
are symptomatic a year after injury [20]. 
Displaced fractures of the medial clavicle are 
uncommon. A fracture is considered to be dis-
placed when displacement is more than 10 mm. 
Some authors have advocated non-operative 
treatment for these fractures; however, many case 
reports described complications when these frac-
tures had been treated conservatively or missed 
[20]. When needed, the surgical treatment has 

Fig. 28.7  Distal clavicle fixation with locking plate and 
suture anchors for coracoclavicular ligament reconstruction
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demonstrated good results and full return to nor-
mal activities and sports. These goals are achieved 
after bone union which usually takes from 
6  weeks to 4  months [21]. Oe et  al. reported 
excellent functional outcomes for ten patients 
who underwent operative fixation of a displaced, 
periarticular medial-end clavicle fracture [22].

28.3	 �Proximal Humerus Fractures

Proximal humerus fractures are the seventh most 
frequent fracture in adults and the third in patients 
over 65 following wrist and femoral neck frac-
tures. Approximately 5% of all fractures are frac-
tures of the proximal humerus [23]. The 
mechanisms of these fractures can be classified 
as direct or indirect. The high impact during the 

football games leads to a higher proportion of 
direct fractures involving a direct impact along 
the shaft of the humerus in a traditionally high-
energy non-axial force vector.

Although around 80% of the fractures may be 
treated conservatively, we have to consider the high 
demand and need of early return when treating 
football athletes. When surgical therapy is consid-
ered, early intervention can minimize the develop-
ment of functional deficits, though the decision for 
surgical repair is also based on imaging findings, 
patient age, bone quality, rotator cuff status, frac-
ture severity, and premorbid health [23].

The Neer classification remains the most com-
monly used system [24] and is based on six 
groups and four main fracture segments compris-
ing the head, greater tuberosity, lesser tuberosity, 
and shaft (Fig. 28.8).
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Displacement is defined as more than 1 cm of 
translation or 45% of angulation. Group I includes 
all fracture configurations with minimum dis-
placement and is treated conservatively. Group II 
includes two-part fractures of the anatomical neck 
with articular-segment displacement. Two-part 
fractures involving the surgical neck and lesser 
tuberosity can be treated conservatively if dis-
placed less than 66% but are often best treated 
surgically. Treatment of two-part greater tuberos-
ity fractures is often more aggressive, and surgery 
is usually recommended for fragment displace-
ment greater than 3 mm in active younger patients, 
athletes, and people who engage in routine over-
head activity. Group III comprises three types of 
displaced two-part surgical neck fractures with 
shaft displacement. Group IV consists of two- or 
three-part fractures with greater tuberosity dis-
placement. Group V includes two- or three-part 
fractures with lesser tuberosity displacement. 
Groups IV and V merge in the four-part fracture 
where both tuberosities are displaced in addition 
to the head and shaft. Group VI comprises true 
fracture-dislocation of two-, three-, or four-part 
fractures with ligamentous injury and is subdi-
vided into anterior and posterior dislocations of 
the glenohumeral joint and partial dislocations of 
the humeral head with articular surface fractures.

Conservative treatment generally consists of 
analgesia and a period of immobilization in a 
sling, followed by rehabilitation and physiother-
apy. Complications encountered with closed treat-
ment include malunion, subacromial impingement, 
avascular necrosis, shoulder pain, and stiffness 

secondary to osteoarthritis and rotator cuff defi-
ciency. Most conservatively treated fractures will 
progress to full union with an estimated risk of 
nonunion between 1.1% and 10%.

The Neer three- and four-part fracture config-
urations are associated with less optimal results 
than one- or two-part fractures and fortunately 
are less common in younger patients. Seventy 
percent of all three- and four-part fractures are 
seen in patients aged over 60 years and 50% in 
patients aged over 70 years. With regards to the 
athletes, these fractures are best treated with open 
reduction and internal fixation (Fig. 28.9).

Operative interventions for the management 
of proximal humerus fractures may be generally 
classified into reconstructive procedures and 
prosthetic replacements. In high-demand young 
patients, reconstruction followed by close moni-
toring should be the first option. In the event of 
failure, early conversion to hemiarthroplasty 
remains a valuable alternative. Intraoperatively, 
the surgeon may find fractures that are not feasi-
ble for internal fixation, and they need to be con-
verted to hemiarthroplasty. An adequate 
preoperative planning is necessary to be prepared 
for these demanding scenarios [25].

28.4	 �Humeral Shaft Fracture

Humeral shaft fractures account for about 5% of 
all fractures and are the third most common type 
of long bone fracture. They almost exclusively 
occur in young people following a high-energy 

a bFig. 28.9  Proximal 
humeral fixation with 
locking plate (a) 
Anteroposterior view (b) 
Anteroposterior view with 
internal rotation
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trauma or older people following low-energy 
trauma. Many of these fractures are still being 
treated conservatively using functional (Sarmiento) 
bracing or a hanging arm cast. When these frac-
tures are treated nonsurgically, union is obtained in 
an average of 10  weeks, making the humerus a 
well-suited bone for conservative treatment. This 
extended time usually is considered too long for 
athletes and young active people. Surgery allows 
them to quickly return to their activities. The goal 
of surgical treatment is to obtain anatomical reduc-
tion, while providing stability that allows for early 
mobilization of adjacent joints. It has its place in 
multi-fracture patients, open fractures, failed con-
servative treatment, and obese patients or those 
who refuse to comply with the inconveniences of 
conservative treatment with a hanging arm cast for 
6 weeks, while accepting the risk associated with 
surgery (nonunion, secondary radial nerve palsy).

Surgical approaches to the humeral shaft include:

–– Anterolateral approach: preferred for proxi-
mal third humeral shaft fractures. Radial nerve 
is identified in the interval between the bra-
chialis and brachioradialis and traced proxi-
mally. This can be extended proximally to the 
shoulder or distally to the elbow

–– Anterior approach: muscular interval between 
the biceps and brachialis muscles

–– Posterior approach: provides excellent expo-
sure to most of the humerus but cannot be 
extended proximally to the shoulder, muscular 
interval between the lateral and long heads of 
the triceps

When the surgical treatment is indicated, fixa-
tion can be obtained with a plate, intramedullary 
nailing, or an external fixator. The average non-
union rate in published studies was 4.4% for con-
servative treatment, 2.8% for plating, 6.3% for 
bundle nailing, 5.9% for locked IM nails, and 
3.5% for external fixation [26].

–– Plate and screw fixation of the fracture results 
in union in 11–19  weeks. This is associated 
with the best functional results. It allows direct 
fracture reduction and stable fixation of the 
humeral shaft without violation of the rotator 
cuff. A 4.5-mm dynamic compression plate 

with fixation of eight to ten cortices proximal 
and distal to the fracture is used. Lag inter-
fragmentary compression screws should be uti-
lized wherever possible. One should preserve 
soft tissue attachments to butterfly fragments

–– Anterograde or retrograde locked intramedul-
lary nailing requires knowledge of nailing 
techniques and regional anatomy to avoid the 
complications associated with the technique. 
Union is obtained in 10–15 weeks. It is prefer-
ably indicated for segmental fractures in which 
plate placement would require considerable 
soft tissue dissection, humerus fractures in 
extremely osteopenic bone, and pathologic 
humerus fractures. Antegrade humeral nailing 
is associated with a high incidence of postop-
erative shoulder pain (Fig. 28.10)

Fig. 28.10  Humeral shaft fixation (A) anterograde intra-
medullary interlocked nailing
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–– External fixation: indicated for infected non-
unions, burn patients with fractures, or open 
fractures with extensive soft tissue loss. 
Complications include pin tract infection, 
neurovascular injury, and nonunion

�Conclusion

The treatment of fractures in athletes needs a 
comprehensive approach. The first step is pain 
control, followed by the correct treatment 
option and lastly the recovery of motion, 
strength, and neuromuscular control. Sport-
specific functional rehabilitation is very impor-
tant and has to be tailored to each athlete. 
Special attention should be given on neuromus-
cular control of the kinetic chain, starting from 
core stability and progressing from the proxi-
mal to the distal segment. The kinetic chain as 
the main power generator for the upper limb 
must be recovered. The last phase and one of 
the most important is the on-field rehabilitation 
to give the footballer full skill control and self-
confidence in playing. The complete process of 
functional recovery including surgery and reha-
bilitation takes the injured players 2–6 months 
out of the game depending on the severity of 
the lesion and individual factors.
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29.1	 �Introduction

Football is a sport characterized by physical con-
tact, which explains the high rate of musculoskel-
etal injuries in players described in the literature. 
The most common injuries are lower limb inju-
ries (69–88%) [1–4], but there has also been a 
recent increase in the rate of upper limb injuries 
associated with football [5, 6]. A small but sig-
nificant proportion of injuries occur in the upper 
limb (6%), a large percentage of which affect 
goalkeepers (often in the thumb, 9%) [7]. Among 
the other players, however, there is a disturbing 
incidence of acute traumas due to falls. These 
injuries tend to affect the elbows, wrists, and 
hands and are sustained predominantly by players 
in the full-back, center-forward, and center-half 
positions. Outfield players are prone to acute 
lesions (bruises, lacerations, and sprains), 
whereas fractures and dislocations are less com-
mon. Despite its grass covering, the football field 
is hard. Players sometimes fall from a height of 
2–3 m directly onto the ground and often use the 
upper limbs to deaden the impact.
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These falls can be very traumatic. The upper 
limb receives all of the axial forces, causing indirect 
traumas with resultant injuries to the shoulder, 
elbow, and wrist. As mentioned above, although not 
common, fractures and dislocations are possible. 
These injuries must be diagnosed quickly as they 
represent a serious risk to the player.

This chapter discusses the main injuries 
involving the elbow and wrist encountered in 
football players.

29.2	 �Traumatic Lesions 
of the Elbow

The most common traumatic lesions of the elbow 
are sprains. Serious injuries due to contact with 
the ground are unlikely, and football players do 
not wear the elbow pads used in other sports. 
However, there are rare instances of capitulum 
humeri lesions due to abnormal falls with the 
hand in a defensive attitude, as well as isolated 
olecranon fractures.

29.2.1  �Elbow Dislocation

29.2.1.1	 �Anatomy
The elbow may be described as a “modified 
hinge” joint (ginglymotrochoid) composed of 
three articulations: ulnohumeral (hinge), radio-
humeral (rotation), and proximal radioulnar 
(rotation). The bone structure associated with the 
ligament complex, tendons, and muscles gives 
the joint excellent stability.

29.2.1.2	 �Mechanism of Injury
Posterior dislocation is the most common type of 
elbow injury. These injuries occur due to contact 
with an opponent when running or to a fall after 
heading the ball. There are three possible mecha-
nisms of dislocation:

	1.	 Levering force that unlocks the olecranon, 
combined with loading that causes complete 
dislocation

	2.	 Direct injury to the elbow, although disloca-
tion is often caused indirectly by a fall onto 

the palm of the hand with the arm extended 
and retroposed; the combination of elbow 
extension, arm abduction, and forearm supi-
nation results in soft tissue injury to the cap-
sule, collateral ligaments, and musculature 
(posterior type dislocation)

	3.	 Direct force at the posterior forearm, with 
the elbow in the flexed position (anterior 
type dislocation). Deformity, functional 
impairment, and pain require radiographic 
confirmation and immediate dislocation 
reduction

29.2.1.3	 �Diagnosis
Elbow dislocation is often evident on inspection. 
Deformity, pain, and functional impairment indi-
cate dislocation, but confirmation is required by 
radiography (anteroposterior and lateral views). 
Oblique views are helpful to determine periartic-
ular bone fragments.

Magnetic resonance imaging (MRI) and com-
puted tomography (CT) scans can be indicated in 
cases of articular fractures, osteochondral frag-
ments, and for evaluation of the interosseous 
membrane.

29.2.1.4	 �Classification
Based on the relationship between the radius and 
ulna and the distal humerus, dislocations can be 
classified as posterior, posterolateral (90% of dis-
locations), posteromedial, lateral, medial, ante-
rior, or divergent (rare).

29.2.1.5	 �Associated Injuries
As mentioned above, the elbow is a very stable 
joint due to the particular characteristics of its 
bone structure, ligaments, tendons, and muscle. A 
dislocation caused by a fall requires application of 
a major levering force, which often leads to seri-
ous associated injuries that must be screened for 
rapid diagnosis and treatment. These injuries can 
be neurological, vascular, or fractural.

	1.	 Vascular

The brachial artery is at risk in falls. During 
dislocation, collateral circulation is often dis-
rupted; prompt recognition of this is essential. 
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Radial and brachial pulses must be investigated, 
and closed reduction to reestablish perfusion is 
indicated.

In cases of suspected vascular injury, angiog-
raphy to identify the lesion may be needed, and 
arterial reconstruction with reverse saphenous 
vein graft should be considered.

	2.	 Neurological

The median nerve can be injured by stretching 
or entrapment following closed reduction. Ulnar 
and anterior interosseous nerves may also be 
affected. Neurological deficits at the time of the 
injury should be observed, and spontaneous 
recovery may be expected. Any decline in nerve 
function after reduction should be explored and 
decompressed as necessary.

	3.	 Fractural

Associated fractures are not rare. Several bone 
complexes, including the radial read (5–11%), 
medial or lateral epicondyle (12–24%), and 
coronoid process (5–10%), can be subject to 
fracture.

29.2.1.6	 �Treatment
Elbow dislocation is highly traumatic for the ath-
lete, as well as team supporters and anyone else 
witnessing the event. This is a very painful and dis-
abling lesion, necessitating removal of the player 
from the field regardless of their importance to the 
team and match situation. A reduction maneuver 
should never be performed before proper clinical 
and radiological evaluation. Dislocation reduction 
on the field is a “shot in the dark,” because there is 
no way to predict associated fractures, or nerve and 
vascular injuries. The player must be removed 
from the field after temporary immobilization. 
Radiological and clinical evaluations are required 
before any reduction maneuver, which should be 
performed under intravenous sedation or general or 
regional anesthesia. The elbow is flexed during dis-
tal traction (posterior dislocation). Reassessment of 
neurovascular status, range of motion (ROM), and 
stability is required, and postreduction radiography 
is mandatory.

29.2.1.7	 �Postreduction Management
After evaluation of stability, a posterior splint at 
90° with loose circumferential wraps can be 
used, and a return of gentle ROM is associated 
with better results. Prolonged immobilization 
leads to unsatisfactory results and larger flexion 
contracture.

A hinged elbow brace allowing a stable arc of 
motion is applied in cases of instability without 
associated fractures.

Full recovery of motion and strength requires 
3–7 months.

29.2.1.8	 �Complications
Complications include recurrent pain, loss of 
extension, neurological/vascular injuries, instabil-
ity and redislocation, ectopic calcification, hetero-
topic bone or myositis ossificans, and compartment 
syndrome (Volkmann’s contracture).

29.3	 �Traumatic Lesions 
of the Wrist

The wrist and its many bones are common sites 
of sprains, lunate dislocations, and scaphoid frac-
tures, usually due to falling with the hand in a 
defensive attitude. Distal radius fractures are 
serious but uncommon lesions that are related to 
falls in which the hand is in a flexed or extended 
position.

29.3.1  �Distal Radius Fractures

29.3.1.1	 �Anatomy
The metaphysis of the radius is composed primarily 
of cancellous bone with thin cortices. Eighty percent 
of the radial load is supported by the distal radius, 
with the remaining 20% supported by the ulna and 
triangular fibrocartilage complex. These anatomical 
characteristics render the radius susceptible to frac-
tures if subjected to axial and shear forces.

29.3.1.2	 �Mechanism of Injury
Distal radius fractures are usually due to falling 
with the hand in a defensive attitude. The fracture 
will show different characteristics depending on 
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the hand position (flexed, extended, pronated, or 
supinated). The most common mechanism of 
injury is falling with the hand at 40–90° extension. 
Biomechanically, injuries may be characterized by 
bending (metaphysis fail in tension – Colles’ and 
Smith’s fractures), compression (fracture of the 
articular surface with impaction of subchondral 
and metaphyseal bone  – “die-punch” fracture), 
avulsion fracture, shearing (fracture of the articu-
lar surface – Barton’s fracture), or any combina-
tion of the above.

29.3.1.3	 �Clinical Evaluation
Distal radius fracture is characterized by pain, 
swelling, and bruising of the wrist.

29.3.1.4	 �Radiographic Evaluation
Normal radioulnar and radiocarpal joints have a 
number of characteristics that must be well 
understood to analyze a radiograph.

	1.	 Radial inclination: average = 23° (range: 13–30°)
	2.	 Radial length: average  =  13  mm (range: 

8–18 mm)
	3.	 Volar tilt: average = 11°(range: 1–21°)
	4.	 Ulnar variance: 0–2 mm

Radiological evaluation consists of four views:

	1.	 Posteroanterior view
	2.	 Lateral view
	3.	 Oblique with 45°pronation (evaluation of the 

radial styloid)
	4.	 Oblique with 45°supination (dorsomedial cortex)

29.3.1.5	 �Fracture Patterns
Colles’ Fracture
Colles’ fracture accounts for more than 90% of 
distal radius fractures. The original description 
was of extraarticular fracture. The mechanism of 
injury involves falling on a hyperextended, radi-
ally deviated wrist with the forearm in 
pronation.

Smith’s Fracture
Smith’s fractures occur due to falling with the 
wrist flexed and the forearm fixed in supination.

Barton’s Fracture and Smith II Fracture
Barton’s fracture and Smith II fracture, which 
involve subluxation of the wrist, are caused by 
falling on the extended wrist with the forearm 
fixed in pronation. Barton’s fracture is intra-
articular and can be classified as dorsal or volar, 
depending on the hand position; volar Barton’s 
fracture is the most common type.

Radial Styloid Fracture
Eponyms: “chauffeur’s fracture,” “backfire frac-
ture,” “Hutchinson’s fracture”

The mechanism of injury in radial styloid 
fracture is compression of the scaphoid against 
the styloid with the wrist in dorsiflexion and 
ulnar deviation, causing an avulsion fracture.

Lunate Die-Punch Fracture
These are fractures of the pyramidal fossae 
caused by an axial force.

29.3.1.6	 �Associated Injuries
Scapholunate ligament: 30%

Lunotriquetral ligament: 15%
Median nerve compression

29.3.1.7	 �Treatment
In cases of injury to football players, a number of 
factors must be taken into consideration before 
choosing the best treatment. One such factor is 
the necessity of returning to sport. Therefore, sur-
gical management is often preferred. Internal 
fixation with plates allows direct fixation of artic-
ular fragments, early mobilization, and satisfac-
tory ROM and eliminates the need for plaster 
immobilization or casts.

29.3.1.8	 �Closed Reduction Maneuver 
and Immobilization

Closed reduction may be attempted immediately 
for pain relief and temporary immobilization. 
This procedure is performed in two steps. First, 
light traction is applied by hand, to exacerbate the 
mechanism of fracture and deformity, to produce 
a levering force with the bone cortex acting as a 
pivot. Then, movement opposite to the fracture 
mechanism is affected. Immobilization is per-
formed with the wrist at 30° flexion.
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29.3.2  �Other Injuries of the Wrist

29.3.2.1	 �Scaphoid Fracture
The scaphoid is the most commonly fractured 
carpal bone.

The mechanism of injury involves falling on the 
outstretched hand, which imposes a force of exten-
sion, ulnar deviation, and intercarpal supination.

Other possible sites of injury include the hook 
of hamate, capitate fractures, and carpal 
dislocations.

�Conclusion

Injury to the upper limb in football is uncom-
mon, accounting for approximately 6% of all 
injuries. The most common mechanism of 
injury involves falling over with the arm in 
a defensive position, which can lead to indi-
rect fracture or dislocation. Direct traumas 
are rare. Elbow dislocation represents an 
emergency situation that requires immediate 
reduction under anesthesia immediately after 
radiological and clinical evaluation.

Distal radius fracture is a serious injury 
that must be treated by an orthopedic surgeon. 

Surgical treatment should be considered even 
in cases of stable fracture to allow a rapid 
return to sport.
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30.1	 �Introduction

Shoulder injuries in football are a lot less com-
mon than those involving the lower limb, due to 
the characteristics of the game, with more than 
four out of five injuries located in the lower 
extremities [1–5].

Medical reports from the Olympics and FIFA 
tournaments [6–12] have shown that the rate of 
shoulder injuries is low, ranging from 2% to 13% 
[11]: 3.8% at the 2004 Olympic games in Athens 
[10] and 4.4% during the Euro 2004 [9].

The consequences of an injury to the shoulder 
vary based on the specific injury or the player’s 
position, whether he is a goalkeeper or a field 
player. Unlike for the lower extremity, little has 
been published regarding the incidence, nature, and 
time loss for injuries to the upper limb in football.

Ekstrand et  al. [1] prospectively studied 57 
male European elite football teams over a 10-year 
period from 2001 to 2011, registering 11,750 inju-
ries. Out of this total, 355 (3%) affected the upper 
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extremities and nearly half of these (197, 1.7%) 
involved the shoulder girdle/clavicle. In general, a 
football team with 25 players can expect 1-2 upper 
extremity injuries each season, as compared to 
40–45 injuries to the lower extremity.

The same author defined a severe injury as one 
where an athlete misses more than 28  days. 
Ekstrand et al. [2] reported that for the most com-
mon injuries in football, those involving the hip 
and groin, only 11% were classified as severe, 
resulting in greater than 28 days of absence from 
play. On the other hand, however, those authors 
reported that 28% of shoulder injuries were 
severe, stressing the epidemiologic importance of 
shoulder lesions despite its overall low 
incidence.

Specific to upper extremity injuries, Ekstrand 
et al. [1] found that the two most common inju-
ries (25% altogether) were acromioclavicular 
joint sprains and shoulder dislocations. The latter 
was associated with the longest time away from 
sport and the highest recurrence rate of the six 
most common injury types, with an average of 
41 days of absence and 32% reinjury rate. The 
time away from full training and matches was 
twice as long for goalkeepers as for other posi-
tion players, reflecting the importance of shoul-
der function for those. Almost one-third (32%) of 
shoulder dislocations were recurrent injuries, 
which seems to be high in such a population with 
access to the best rehabilitation care, suggesting a 
need for improved functional assessment before 
letting the athlete back to play after this injury.

Furthermore, Ekstrand found that 90% of upper 
limb injuries were traumatic, while only 10% derived 
from overuse, mainly affecting the rotator cuff.

Considering the player position, he also dem-
onstrated what seemed obvious: upper limb inju-
ries were five times more common in goalkeepers 
than in field players, which is in contrast with 
injuries overall. The percentage of all injuries 
that affected the upper extremity was consistently 
higher among goalkeepers (18%) compared to 
outfield players (2%) (p  <  0.005), resulting in 
more days away from sport for the former. He 
noted that the consequences of upper limb inju-
ries were more serious for goalkeepers, conclud-
ing that focusing on their prevention would be of 
significant benefit.

30.2	 �Shoulder Instability

Shoulder instability can present in different ways, 
and it is commonly accepted they fit into three 
different major patterns, based on their etiology 
and treatment:

	1.	 TUBS: Traumatic, Unidirectional, associated 
with a Bankart lesion that frequently requires 
Surgery

	2.	 AMBRI: Atraumatic, Multidirectional, usu-
ally Bilateral and requiring Rehabilitation or, 
when it fails, a surgical Inferior capsular shift

	3.	 AIOS: Acquired Instability from Overstress, 
such as in the case of throwing athletes, usually 
requiring Surgery (also often called GUTS  – 
Genetically predisposed, Unidirectional, micro-
Traumatic, often requiring Surgery – by some 
authors)

This simple classification, however, does not 
cover all the pathological conditions related to shoul-
der instability. In order to fill this gap, Kuhn et al. in 
2010 [13, 14] developed the FEDS system, an acro-
nym that stands for Frequency, Etiology, Direction, 
and Severity of the instability, the four elements it 
considers. The proceedings of the ISAKOS Upper 
Extremity Committees 2009–2013 [15] further 
added the anatomic lesions as another element and 
proposed the modified FEDS classification for 
shoulder instability (Table 30.1). It is a very compre-
hensive system that aims gathering all types of insta-
bility but still needs definitive validation.

Instability from overuse is classically associated 
with overhead activity and that is why most litera-
ture on shoulder lesions in sports refer to those 
activities where overhead motion and shoulder inju-
ries are more common, such as American football 
or baseball, with less attention to football. Shoulder 
instability in overhead athletes can be considered 
unique entities among shoulder lesions and have 
therefore deserved a particular attention from 
researchers, many of whom from countries where 
overhead sports are more popular than football. We 
believe that shoulder instability in the setting of 
football demands specific concentration as well.

The game of modern football has been charac-
terized by increasing intensity and a growing num-
ber of legal and illegal physical contact, where 
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tackling and collisions are common – factors lead-
ing to an increase in traumatic injuries [6]. As a 
result, though football has not classically been con-
sidered a collision sport, it clearly is a contact sport. 
As such shoulder instability in this environment fits 
in the traumatic category in its large majority.

30.3	 �The Emergency Setting

The approach to a case of shoulder instability in 
football obviously depends on the setting  – 
including player position, whether it is a first-
time or recurrent dislocation, time in the season, 
etc. Literature is scarce on this subject, and, as far 
as our research could find, it is nearly nonexistent 
concerning the emergency setting, with no clear 
guidelines for treatment.

A comprehensive search using PUBMED with 
the words “shoulder,” “dislocation,” “prehospital,” 
and “treatment” identified only four articles: one 
clinical case [16], two similar reports on intersca-
lene brachial plexus block [17, 18], and a recent 
study on the management of shoulder dislocation 
in the prehospital environment [19]. The latter is, 
in fact, the only one that is close to addressing that 
major question that may arise with any club’s 
medical team when a sportsman with a shoulder 
dislocation is sustained during a match or training 
session: should the shoulder be reduced immedi-
ately (on the sideline or in the training room) or 
should that be done in a hospital environment by 
an orthopedic surgeon, after an X-ray evaluation to 
rule out a fracture and confirm the diagnosis?

The reality is that the prehospital treatment of 
shoulder dislocations is influenced by a few unfa-

vorable factors [19]. The incidence is low among all 
sports emergencies, meaning its treatment is not 
routine and only a few physicians have the clinical 
expertise for the best approach. These observations 
lead to the question whether prehospital reduction of 
a dislocated shoulder is absolutely necessary or not.

Helfen et  al. [19], in an assessment of 70 
patients that were subject to prehospital reduc-
tion by emergency physicians in 16 rescue sta-
tions in Germany and Austria over 12  months, 
concluded that such reduction is possible but not 
obligatory. The knowledge and skill to perform 
the reduction was acceptable among all physi-
cians regardless of the medical speciality – most 
were surgeons or anesthesiologists but also inter-
nists and general practitioners – although the sur-
geons were the quickest. Further, there were no 
documented neurovascular lesions resulting from 
the attempts and all identified neurological defi-
cits recovered after reduction. The authors found 
these to be clear arguments in favor of the effec-
tiveness of prehospital reduction by any doctor.

Guidelines for the best technique are lacking, 
but recommendations from the British College of 
Emergency Medicine in 2014 [20] suggest that the 
first attempt of reduction should be within 2  h 
(75%) and 3 h (90%) of arrival. One should bear in 
mind these consensus-based standards include 
pain management and an X-ray within 60 min. of 
arrival to the emergency department, conditions 
not necessarily met during a match or training ses-
sion. However, the bottom line is reduction should 
take place as fast as possible as delays to first 
reduction attempt either from the time of injury or 
within the ED are associated with lower reduction 
success rates due to muscle spasms and pain [21, 

Table 30.1  The modified FEDS classification for shoulder instability [15]

Direction Etiology Severity Frequency Anatomic lesiona

Anterior Traumatic Painb Single episode Capsule
Posterior Required reduction Subluxations 2–5 times Labrum
Inferior Never required reduction Dislocations >5 times Bone

Atraumatic Locked Locked
Involuntary
Positional
Habitual
Repetitive microtraumab

aAs determined by either preoperative imaging studies (CT arthrogram, MRI, etc.) or intraoperative findings. A capsular 
lesion is diagnosed only if there are no labral avulsions or glenoid bone defects associated with the instability
bOnly applicable to shoulder instability in the overhead and throwing athlete
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22] and also with potential sequelae. Particularly 
in one of this chapter’s author’s experience, the 
ability to reduce the shoulder is much easier in the 
first few minutes after dislocation, frequently not 
requiring pain medication to relax the patient, a 
finding also supported by the literature [21]. There 
are no strict criteria for a mandatory reduction in 
the prehospital setting so it seems clear that good 
common sense must prevail. Each situation should 
be evaluated individually, regarding factors like 
the expertise of the clinician to attempt the reduc-
tion as well as the number of assistants available, 
patient’s condition and presentation, time avail-
able, and the distance to an emergency depart-
ment, where both imaging evaluation and 
medication for pain and relaxation are available. 
Furthermore, suspicion of the diagnosis must be 
high enough, as in a recurrent dislocation case, and 
the medical team must feel comfortable and be 
skilled enough to go for a gesture that can be 
potentially harmful. As with any medical decision-
making, final decision to advance belongs to the 
medical team after considering all these variables.

Closed reduction of a dislocation can be 
achieved in several ways, and no specific technique 
can be recommended as superior for prehospital 
use, as the ability to perform it is more important 
than the method used. Classical techniques include 
Kocher, Hippocratic, Stimson’s, and Milch, and 

many others are variations of these. Methods can 
be classified according to whether leverage, scapu-
lar manipulation, or traction is employed. Traction 
can be further subdivided according to where the 
arm is placed while traction is applied.

30.3.1	 �Leverage Techniques

30.3.1.1	 �Kocher’s Method
This classic, time-tested technique is noted to be 
relatively painless and excludes traction, using 
leverage alone:

Bend the affected arm at 90° at the elbow, adducted 
against the body; the wrist and the point of the 
elbow can be grasped by the surgeon. Slowly exter-
nally rotate between 70–85° until resistance is felt. 
In a conscious patient, take plenty of time gradually 
rotating, and try to distract the patient with conver-
sation and then continue. Lift the externally rotated 
upper arm in the sagittal plane as far forward as pos-
sible then internally rotate the shoulder as this brings 
the patient’s hand towards the opposite shoulder.

The humeral head should then slip back into 
place. However, complications can occur with 
this technique, namely, when traction is applied 
or the procedure is carried out hastily, tearing of 
the subscapularis, spiral fracture of the humerus 
or even damage to the axillary vein, and associ-
ated death have been reported (Fig. 30.1) [23].

a b

Fig. 30.1  (a) Kocher’s method. Lift in the sagittal plane the adducted arm in external rotation; (b) Slow internal rota-
tion brings head back into place
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Performing just the first part of this technique, 
i.e., gently externally rotating the arm without 
lifting it, may sometimes be enough as the shoul-
der is usually reduced by the time the arm is in 
the coronal plane, especially when performed 
within the first half hour after dislocation. This is 
named the external rotation method and has 
recently been found to be an easier and less pain-
ful technique when performed without anesthesia 
and compared to the Milch Technique [50].

30.3.1.2	 �Milch Technique
This can be performed with the patient in a supine 
or prone position. Despite adaptations over the 
years, the original description uses leverage 
alone, and the rationale behind it is the same as 
the Kocher method, except that the arm is placed 
in abduction and not in adduction.

The physician holds the affected shoulder 
with his hand, bracing his fingers against the 

humeral head to keep it displaced and steady. 
Next the surgeon’s other hand gently abducts and 
externally rotates the patient’s arm into an over-
head position, while fixing the humeral head so 
that it does not move from its dislocated position. 
The surgeon now gently pushes the humeral head 
back into the glenoid fossa with his thumb 
(Fig. 30.2) [24].

30.3.2	 �Traction Techniques

30.3.2.1	 �Hippocratic Method
The physician grasps the hand and forearm, with 
his heel placed gently in the axilla acting as a 
fulcrum. Traction is then applied while the arm 
is adducted until the reduction and a “pop” is 
felt. A potential complication is damage to the 
axillary nerve from the foot in the axilla 
(Fig. 30.3) [24].

a b

Fig. 30.2  (a) Milch technique. Gentle abduction and external rotation; (b) in an overhead position, gently push head 
into glenoid fossa

Fig. 30.3  Hippocratic 
method
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30.3.2.2	 �Stimson’s Method
The patient is prone on a table with the affected 
arm hanging down in forward flexion and with a 
5 kg weight applied to the wrist. A preliminary 
analgesic is usually required, and muscle fatigue 
and ultimate relaxation will eventually lead to the 
reduction of the dislocation.

30.3.2.3	 �Matsen’s 
Traction-Countertraction

This is one of the author’s preferred methods, 
and, again, variations of the original technique 
have been described. Traction is applied to the 
affected arm with the shoulder in slight abduc-
tion, while an assistant applies firm countertrac-
tion to the chest using a folded sheet. The elbow 
is flexed at 90° to help rotate the shoulder inter-
nally and externally to unhinge the dislocated 

humeral head, while a second sheet, tied loosely 
around the physician’s waist and looped over 
the patient’s forearm provides adequate traction. 
In the author’s experience, this same maneuver 
can be done with an extended elbow, with simi-
lar success and less discomfort for the patient 
(Fig. 30.4).

30.3.2.4	 �Spaso Technique
Another of the author’s preferred method, like 
the previous one, can be performed with the 
patient lying supine on the ground. The affected 
arm is grasped by the wrist or distal forearm and 
lifted vertically with gentle traction. The shoul-
der is then externally rotated, and reduction usu-
ally occurs spontaneously or by pushing the 
humeral head into position while maintaining 
traction (Fig. 30.5).

a

b

Fig. 30.4  (a) Matsen’s 
traction-countertraction; 
(b) gently push head back 
into the glenoid fossa if 
reduction has not yet been 
felt
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30.3.3	 �Scapular Manipulation

This starts with the patient prone with the affected 
arm hanging over the edge of the table, with traction 
resulting from a weight attached to the wrist just 
like the Stimson’s method. As the patient begins to 
relax, reduction is then attempted by pushing on the 
tip of the scapula medially, with rotation of the 
superior aspect of the scapula laterally [25].

30.4	 �Management of Shoulder 
Instability After Reduction

Management of a patient with shoulder instabil-
ity is based on the prognosis expected for that 
particular situation. That is to say, regardless of 

the functional capacity of the joint and symptoms 
of that patient, which must be, of course, taken 
into consideration for decision as well, one must 
assume each individual will have a certain risk of 
recurrence. So the greatest challenge of dealing 
with traumatic anterior instability, namely, after a 
first event, is deciding which patient may benefit 
from surgical intervention. Variability among the 
reports of long-term follow-ups does not provide 
the clinician the exact recurrence rate for a given 
patient, but it is clear that younger (under 25) 
males involved in contact or overhead sports have 
the highest recurrence rates when treated non-
operatively, approaching 100% in some series 
[26–33]. Success of the treatment, whether it is 
surgical or conservative, depends on several fac-
tors such as patient’s age, activity level, arm 

Fig. 30.5  Spaso 
technique. Gentle vertical 
traction and external 
rotation
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dominance, sex, specific sport, pattern of insta-
bility, tissue and bone quality, timing, patient 
expectations, and also surgeon factors, whose 
level of expertise has certainly its weight.

It is also evident that there is more to successful 
treatment of shoulder instability than simply 
avoiding recurrence. Sachs and colleagues showed 
that patients that cope with instability (and do not 
achieve early stability) have lower functional out-
come scores than those who undergo surgical sta-
bilization of their Bankart lesion. This suggests 
that while avoidance of recurrence is mandatory, 
each patient’s ability to deal with sport, other daily 
activities, and emotional aspects of the injury also 
factor into successful recovery [29, 34].

In order to provide the best outcome informa-
tion for operative versus non-operative treatment 
for different individuals, Mather and colleagues 
[33] designed a decision analysis model using the 
Western Ontario Shoulder Instability score as the 
primary outcome measure, with secondary out-
come measures including risk at one year and 
overall instability, stability at 10 years, and risks 
of future surgery and of revision surgery. All the 
data used were from levels I and II studies only. 
The goal is to develop a tool that provides with 
more information regarding potential surgical 
outcomes based on individual data, by entering 
information into the model using a computer pro-
gram. For example, the decision analysis model 
shows that an 18-year-old male treated conserva-
tively has a 77% risk of recurrent dislocation 
within the first year and only a 32% chance of 
having a stable shoulder at 10 years. When treated 
operatively, that rate drops to 17%. It is a system 
that should provide personalized patient care, 
allowing various factors to help the best decision 
for each patient.

The goal of the treatment is to have the ath-
lete back to competition safely and fit; however, 
there is often pressure to shorten the period of 
absence from competition. Decision-making 
must take several things into consideration, and 
a few aspects should be verified before return-
ing to play after an instability event, including 
symmetric or near normal pain-free range of 
motion and strength, ability to perform sport-
specific skills, and the absence of subjective or 

objective instability [26, 35]. Timing within the 
season is also of major importance for the deci-
sion on how to manage each particular case, as 
surgery will take the athlete from competition 
for a relatively long period. This time away 
from sports after surgery must be weighed 
against a shorter time away with non-operative 
treatment, though there are other risks involved, 
including recurrence and more time-out. If sur-
gical intervention is planned, ideally it should 
take place when the 4–6  months of expected 
convalescence does not affect the athlete’s sea-
son [22], or even more in the case of overhead 
athletes. In the author’s experience, this time 
planning should not rule out the possibility of 
having the field football player back to game 
sooner, if recovery allows it. Factors such as 
being a recurrent versus first-time dislocator, 
having had failed prior treatments or not, and 
the severity of instability at time of evaluation 
help to guide decisions [36].

30.4.1	 �Evaluation

The football player will often report an acute 
traumatic event, either initial or recurrent, usually 
noting a force to the upper arm directed from 
anterior to posterior while the arm is in abduction 
and external rotation.

Others may not describe a dislocation event 
but rather episodes where the arm feels “dead,” 
heavy or weak, or a sharp posterior pain in a 
forced overhead position, which should raise sus-
picion for shoulder subluxation or an underlying 
diagnosis of “multidirectional” instability if there 
is no history of injury. The latter will often pres-
ent with bilateral shoulder symptoms and/or gen-
eralized laxity and, according to the latest trends 
in defining the type of instability, would be better 
off classified according to the direction of insta-
bility with most symptoms, eliminating the con-
cept of “multidirectional” [13–15].

In the acute setting, a patient with a disloca-
tion will usually present with the arm in adduc-
tion and internal rotation held by the opposite 
hand for comfort, and an asymmetry of the del-
toid contour and/or prominence of the acromion 
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may be obvious (Fig. 30.6). A search for acute 
neurovascular deficits is mandatory.

In those patients who present after relocation, 
physical examination should address both shoul-
ders, looking for asymmetries in the range of 
motion, muscle atrophy, or nerve injuries. The 
most common complication is the axillary nerve 
injury, leading to numbness over the lateral 
shoulder, and when presentation is delayed, there 
may be visible deltoid atrophy. However, supra-
scapular nerve traction with external rotation 
dysfunction and long thoracic nerve injury with 
scapular winging have also been reported. In 

those with prior open surgery, it is important to 
test subscapularis function as failure of a prior 
repair may occur [36, 37].

Evaluation of the shoulder stability comprises 
two components: quantification of passive trans-
lation between the humeral head and the glenoid 
fossa – laxity, a sign – and reproduction of the 
symptoms of subluxation and apprehension by 
placing the shoulder under stress – instability, a 
symptom. Several special tests may be used to 
characterize the instability pattern, allowing the 
identification of its direction and magnitude. 
Again, this chapter will focus on the posttrau-
matic anterior instability.

30.4.1.1	 �Load and Shift Tests or 
Anterior and Posterior 
Drawer Tests

Laxity is often difficult to assess and requires 
experience. These tests may be performed with 
the patient sitting and then supine (after Gerber-
Ganz). The amount of translation observed can be 
asymptomatic or symptomatic, suggesting insta-
bility (which is symptomatic laxity) in this case.

While one of the examiner’s hands stabilizes 
the scapula, the other holds the humeral head. By 
pushing the humerus against the glenoid, the 
humeral head is usually centered in its concentric 
position within the glenoid, allowing an appro-
priate starting position. Then an anterior and pos-
terior force on the humeral head is performed to 
evaluate translation of the head (Fig. 30.7) [38].Fig. 30.6  Anterior dislocation of left shoulder

a b

Fig. 30.7  (a) Drawer test sitting [38]; (b) Drawer test supine [38]
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30.4.1.2	 �Sulcus Sign
Sulcus sign measures inferior glenohumeral lax-
ity and is often present in patients with general-
ized laxity at risk for instability in more than one 
direction. It is usually performed with the patient 
in the sitting position: the limb is held at the 
elbow, and inferior traction is applied to the arm 
in neutral rotation. An augmentation of the space 
between the acromion and the humeral head, with 
a sulcus noted below the acromion, is quantified 
but is only considered abnormal in the symptom-
atic patient [39]. The same test is performed with 
the arm in 25–30° of external rotation, and persis-
tence of the sign suggests incompetence of the 
superior glenohumeral ligament and rotator inter-
val, while its elimination suggests competence of 
the pulley structures.

30.4.1.3	 �Gagey Hyperabduction Test
The examiner is behind the seated patient and 
passively elevates the arm in the coronal plane, 
while forcing the top of the shoulder downwards 
(Fig. 30.8) [38]. The patient must be totally 
relaxed, elbow flexed at 90° and forearm horizon-
tal. Hyperabduction of 105° or a difference of 
15° to the opposite shoulder suggests hyperlaxity 
with a lesion of the IGHL (inferior glenohumeral 
ligament) that should be addressed if surgery is 
considered.

30.4.1.4	 �Apprehension and Jobe 
Relocation Tests for Anterior 
Instability

The former may be performed with the patient 
seated or supine. Guarding or apprehension as 

the shoulder is taken to increasing abduction and 
external rotation indicates a positive test (Fig. 
30.9) [38]. Pain without apprehension is not con-
sidered a positive test but may indicate more 
subtle anterior instability and posterosuperior 
impingement.

The relocation test, described by Jobe, is per-
formed with the patient supine and by applying a 
posteriorly directed force on the humeral head 
with the arm in the apprehension position. 
Disappearance of symptoms produced by the 
apprehension test with this maneuver and imme-
diate return of apprehension as that force is 
released is considered a positive test, with high 

Fig. 30.8  O. Gagey 
hyperabduction test [38]

Fig. 30.9  Apprehension test in the supine position allows 
more relaxation and support of the scapula against the 
table [38]
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positive and negative predictive values (Fig. 
30.10) [26] [38].

Radiographic evaluation should start with 
quality plain X-rays. True AP in internal and 
external rotation, scapular Y, and axillary views 
can confirm reduction and may reveal any bone 
loss that may contribute to instability (Fig. 
30.11). However, the CT scan is widely accepted 
as the gold standard for preoperative assessment 
of glenoid or humeral head bone loss due to its 
high accuracy in detecting fracture fragments 

(Fig. 30.12). A CT scan associated with arthrog-
raphy will allow evaluation of soft tissue lesions 
as well (Fig. 30.13). It is a common option for 
many surgeons, especially those in countries 
where access to MRI is or was subject to 
restrictions.

On the other hand, the detail of soft tissue 
provided by the MRI is unmatched (Fig. 30.14). 
Considering that its capacity to evaluate bone 
defects has also been shown to be very high 
with the newest scanners, it is most surgeons’ 
first choice for the evaluation of shoulder insta-
bilities. Arthrography can further be added to 
the MRI in order to enhance its sensitivity for 
the detection of soft tissue lesions but with a 
few setbacks: increasing costs, more time-con-
suming, iatrogenic risks, and discomfort for the 
patient, not to mention a potential limited avail-
ability. An MRI done in the acute phase, with 
hemarthrosis functioning as contrast, or having 
the patient move the shoulder intensely right 
before the exam to force detachment of any 
eventual adhesions of the capsulolabral struc-
tures (author’s personal impression, with no 
scientific evidence) may improve the quality of 
the exam and eventually turn the arthrography 
unnecessary.

Fig. 30.10  Jobe relocation test [38]

a b

Fig. 30.11  (a) AP view and (b) axillary view X-Rays evidencing bony depression on the posterosuperior area of the 
humeral head, the Hill-Sachs lesion
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30.4.2	 �Treatment

30.4.2.1	 �Conservative Treatment
A classical and common option for the acute 
first-time dislocator is non-operative manage-
ment. However, there is increasing evidence that 
it is associated with a higher recurrence rate and 
that quality of life is improved with surgical 
treatment in the young athletic population [27, 
40, 41, 51].

However, conservative treatment remains an 
acceptable alternative in the non-overhead athlete 
with desire to return to sport in season, as long as 
the patient is able to perform sport-specific drills 
without pain or instability, has full range of 
motion and good strength, has no or minor osse-
ous lesions, or refuses surgery. Relative and abso-
lute contraindications to non-operative treatment 
should be considered (Tables 30.2 and 30.3), tak-
ing into account these criteria are based on lower 
levels of evidence and expert opinion, since no 

a

c

b

Fig. 30.12  Bony Bankart on CT scan. (a) Axial cut; (b) sagittal cut; (c) 3D reconstruction

Fig. 30.13  Arthro-CT.  Anterior labrum Bankart lesion 
variant
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well-designed studies exist [42]. Additionally, 
counseling with the patient is mandatory, as this 
could be a temporary measure with surgery 
planned after the season due to the risk of 
redislocation.

Non-operative treatment may include a brief 
period of immobilization, physical therapy, and 
bracing. Buss [43] studied 30 athletes with in-
season dislocation and found 26 returned to play 
and completed the season without even a short 
period of immobilization. However, 37% experi-
enced at least one additional instability episode, 
and 12 required surgical stability later on, but this 
study indicates that even for contact athletes, 
non-operative treatment can still allow the com-
pletion of a season with an absence from sports 
of an average 10 days.

Type and duration of immobilization is still 
subject to debate. Current standard continues to 
immobilize the shoulder in internal rotation with 

a

c

b

Fig. 30.14  Arthro-MRI after anterior shoulder disloca-
tions. (a) Anterior labrum periosteal sleeve avulsion 
(ALPSA) lesion; (b) chronic ALPSA lesion; anterior 

labrum has healed more medially on the glenoid neck; (c) 
glenolabral articular disruption (GLAD) lesion, with asso-
ciated cartilage damage

Table 30.2  Contraindications to non-operative in-sea-
son management of anterior shoulder instability

Dominant arm in a throwing or overhead athlete
Failure of non-operative treatment/brace wear/previous 
surgery
Recurrent dislocator
Large or engaging Hill-Sachs lesion
Glenoid bone loss greater than 20–25%

Table 30.3  Absolute indications for early in-season sur-
gery [26]

Associated injuries, fractures
Rotator-cuff tear involving > 50% thickness
Glenoid osseous defect > 25%
Humeral head articular surface osseous defect > 25%
Irreducible dislocation
Failed trial of rehabilitation
Inability to tolerate shoulder restrictions
Inability to perform sport-specific drills without 
instability
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an adducted arm. However, Itoi [44, 45] and col-
leagues have challenged this by demonstrating 
better reduction of the labral detachment with the 
shoulder in adduction and external rotation and 
an association with a lower recurrent instability 
rate. On the other hand, others [46] have 
attempted to duplicate the results of Itoi’s study 
without success, possibly due to the low patient 
compliance of wearing a bulky immobilizer.

With regard to the duration of immobilization, 
several authors have found no difference in recur-
rence rates between using a sling for 3–4 weeks 
and mobilizing the shoulder immediately as tol-
erated [26, 28]. In fact, after recurrent episodes of 
dislocation, there is limited interest or reason to 
immobilize the shoulder. In such cases, it is the 
authors’ opinion to let the shoulder move freely.

Regardless of immobilization or not, recom-
mendations for rehabilitation following a dislo-
cation are fairly consistent. It must focus on 
having the player back to sports as soon as pos-
sible but also on the prevention of recurrent insta-
bility episodes, of paramount importance 
especially with goalkeepers. Cryotherapy and 
early initiation of ROM exercises are generally 
the initial steps of non-operative management. 
Once the patient has achieved near full range of 
motion, progressive strengthening exercises are 
introduced, focusing the dynamic shoulder stabi-
lizers, with increasing resistance aiming symmet-
ric shoulder and scapular strength. Core stability 
and prevention of glenohumeral internal rotation 
deficit (GIRD) with appropriate stretching must 
also be addressed. Sport-specific exercises, 
including plyometrics and focus on propriocep-
tion, are then added until the athlete has no com-
plaints of instability [36, 43].

Bracing for return to play has not been shown 
to decrease recurrence rate [26], but the rationale 
behind it is the contribution to a better joint pro-
prioception with improvement of the sense of sta-
bility, helping with return to sports. Bracing can 
range from simple neoprene sleeves to motion-
limiting supports that limit abduction, extension, 
and external rotation in adjustable degrees (Fig. 
30.15), which, for obvious reasons, are better tol-
erated by collision athletes than by overhead 
athletes.

30.4.2.2	 �Surgery: Anatomical Versus 
Nonanatomical Repair

Proceeding to surgery is not a straightforward 
decision for most first-time dislocators. The con-
cern is that recurrent instability events risk fur-
ther damage to the joint or acute neurovascular 
injury. That being so, it is largely accepted today 
that those at a higher risk of recurrence should 
undergo surgery following the first event [27, 40, 
41].

The next big question is the best timing for 
surgery during the season. Deciding for early sur-
gery within the season should be based on the 
relative contraindications for non-operative treat-
ment (Table 30.2), complemented by absolute 
indications for surgery as outlined by Owens 
(Table 30.3) [26]. Multiple shoulder dislocations 
during the season and age under 20 are relative 
criteria that would push gray-zone cases toward 
surgery.

Fig. 30.15  Shoulder joint support with movement 
restricting function (Omomed by MEDI® – authorized)
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Arthroscopic Bankart repair (Fig. 30.16) and 
the open Latarjet bone block procedure (Fig. 
30.17) are widely considered mainstays for surgi-
cal treatment of recurrent anterior shoulder insta-
bility, with similar results in carefully selected 
patients. Choosing between the two depends 

mainly on the surgeons’ preference or training 
rather than on published evidence.

Balg and Boileau in 2007 [47] described the 
instability severity index score (ISIS) as a 
method to identify patients who will develop 
recurrent instability after an arthroscopic 
Bankart procedure and who would be better 
served by an open operation. Despite its limita-
tions, this score identifies important risk factors: 
patient age under 20 years at the time of surgery, 
involvement in competitive or contact sports or 
those involving forced overhead activity, shoul-
der hyperlaxity, a Hill-Sachs lesion present on an 
anteroposterior radiograph of the shoulder in 
external rotation, and/or loss of the sclerotic 
inferior glenoid contour. At that time, the authors 
argued that those with a score over six points 
would be better served with a Bristow-Latarjet 
procedure, due to an unacceptable recurrence 
risk of 70% (p < 0.001) following an arthroscopic 
Bankart repair. Further evidence from the same 
clinical center and from previous reports com-
paring open Bankart and Bristow-Latarjet proce-
dures [48] demonstrate greater success of the 
bone block over the anatomical capsulolabral 
repair. Those authors ultimately suggest an iso-
lated arthroscopic Bankart repair should only be 
used in carefully selected patients with an ISIS 
of 3 or less.

On the other hand, Larrain et  al. [49] evalu-
ated rugby players that underwent arthroscopic 
stabilization after careful selection. Exclusion 
criteria were humeral bony deficiencies greater 
than one-fourth of the articular humeral head, 
bony glenoid deficiencies of more than 25%, cap-
sular laxity with poor tissue quality, and humeral 
avulsion of the glenohumeral ligament (HAGL). 
They reported good or excellent results in 94.8% 
of the acute instability group and in 91.6% of the 
recurrent instability group. Similar results pub-
lished by others and the fact that new arthroscopic 
stabilizing procedures have been described in the 
last decade, such as the Hill-Sachs remplissage 
(Fig. 30.18), capsular shift, Latarjet (Fig. 30.19) 
or Bankart, and bone block simultaneously, 
which aim to repair different lesions at the same 
time, should allow one to accept that an “a la 
carte” approach may lead to lower recurrence 

Fig. 30.16  Low-profile labral repair with all-soft knot-
less #1 suture anchors

Fig. 30.17  Post-op X-ray; Bristow-Latarjet and evident 
Hill-Sachs lesion on the humeral head (arrow)
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rates and less residual apprehension in the near 
future in similar high-risk groups.

Nevertheless, the authors believe, supported 
by current evidence and their expertise, that in 
the specific population addressed here, with such 
important risk factors, the Bristow-Latarjet, open 
or arthroscopic, would be the correct procedure 
to consider in most cases, although the 
arthroscopic anatomical repair has its place. 
Reasoning for favoring the Bristow-Latarjet is 
that the procedure is less dependent on the need 
for correction of all associated lesions and 
therefore more tolerant of such lesions that in fact 

may be left uncorrected and contribute to failure, 
than an arthroscopic anatomical repair.

30.4.2.3	 �Prevention
As with any other injury, the first measure to 
avoid injury is prevention. The FIFA 11+ pro-
gram is geared toward preparing the athletes’ 
bodies for the rigors of playing football – refer to 
Chap. 49 . A fit athlete will be less prone to inju-
ries, including those of the shoulder. However, a 
specific approach to the shoulder is important to 
minimize the risks to this joint.

Preseason screening of athletes can help pre-
vent common sports injuries to the shoulder. This 
should include, in the case of football and shoul-
der instability, assessment and management of 
core and scapular stability, joint flexibility, 
rotator-cuff control, and general strength. The 
objective is to identify and correct shoulder 
asymmetries and imbalances, namely, of the 
scapula (dyskinesis) and the rotator cuff, which 
are of primary importance in maintaining the 
humeral head centered on the glenoid. Often 
overlooked in athletes is the muscular imbalance 
between the front and back of the shoulder, as 
many often overwork and build up the muscles 
they can see at the front, such as pectoralis major, 
anterior deltoids, and upper trapezius, leaving 
their lower trapezius, rhomboids, serratus, poste-
rior rotator cuff, and posterior deltoids 
underdeveloped.

Fig. 30.18  Remplissage. Posterior capsulotenodesis on the Hill-Sachs lesion. Prevents redislocation by filling the 
humeral head bone defect that may engage on the anterior rim of the glenoid

Fig. 30.19  Coracoid graft fixation in arthroscopic 
Latarjet procedure
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In the case of the recurrent dislocator, prevention 
may not be as straightforward. Longer lay-off periods 
after injury, using stabilizing braces, and strengthen-
ing of the scapular and glenohumeral stabilizers, all 
should contribute to minimize the risk of recurrence. 
However, these are the athletes where the manage-
ment is so controversial, as discussed above. In fact, 
surgery might actually be the best prevention.
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31.1	 �Introduction

Football is a very popular sport with more than 
260 million active practitioners worldwide [1], 
and its practice puts in risk the players of every 
age, at all playing levels and field positions, to an 
injury. Due to the way football is played, the 
injury incidence is higher in the lower than in the 
upper extremity [2], but goalkeepers (GK), how-
ever, due to the specificity of this job, are prone 
to upper-extremity injury, with a five times higher 
incidence compared to outfield players [3].

An overuse injury has been defined as a pain 
syndrome of the musculoskeletal system with 
insidious onset caused by repeated microtrauma 
and without a single traumatic, identifiable event 
responsible for the injury [4, 5]. This type of 
injury occurs gradually over time, when the rep-
etition of the exercise can cause a consequent 
injury of the involved tissue that exceeds the 
natural capacity to heal. The spectrum of diseases 
depends on the specificity of the exercise 
involved that applies the same stress to specific 
areas of the human body causing an imbalance 
between work/injury and recovery.

The injury may appear as consequence of 
overtraining, repetitive actions, or inadequate 
periods of rest that prevents the organism to 
recover adequately from the stress.

The football GK is a specific tactical position 
that requires performing strenuous actions during 
practice sessions and competitive games [6]. It has 
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been observed that GK presents higher lactate dehy-
drogenase (LDH) and IL-6 than players occupying 
other tactical positions, leading to the conclusion 
that this specific job can cause more inflammation 
and muscle damage than other positions [7].

31.2	 �Epidemiology

Football is a lower-limb-dominant sport, and so it 
is not surprising that the incidence of upper-limb 
injuries is less frequent and it is also a less  
frequent concern than in sports like rugby or  
volleyball [8, 9]. Moreover, only 10% of upper-
extremity injuries are related to repeated micro-
trauma and are by definition really overuse 
injuries. Among these non-acute traumatic inju-
ries, approximately one third of all lesions affect 
the rotator cuff [3].

GK had a significantly higher incidence of 
upper-extremity injuries compared to outfield 
players (0.8 vs. 0.16 injuries/1000 h, RR 5.0, 95% 
CI 4.0–6.2, p < 0.001). Of all injuries registered 
among them, 18% affected the upper extremities, 
and its prevalence per season was consistently 
higher among GK than to outfield players (10–
25% vs. 2–5%). These upper-extremity lesions in 
GK were also related with more layoff days and 
missed matches or training sessions [3].

31.3	 �Etiology and 
Pathomechanics

31.3.1	 �Shoulder

Shoulder injuries are 3.3% of all injuries reported 
in football players. When one considers the field 
position, GK do not suffer from minor trauma 
injuries as their midfield partners but are more 
likely to be injured from high-energy events. The 
most common overuse goalkeeper lesions are 
rotator cuff tendinopathy and partial or complete 
rotator cuff tears with an incidence of 50% of 
all lesions in this population, in contrast to 12% 
in the outfield players. Superior labrum anterior 
to posterior (SLAP) lesions and Bankart lesions 
are the most common ligamentous lesions, 
and humeral avulsion glenohumeral ligament 

(HAGL) and anterior labral periosteal sleeve 
avulsion (ALPSA) are seldom verified.

•	 Treatment

For treatment strategy reasons, shoulder 
lesions in football goalkeepers may be classified 
as major (bony Bankart, ALPSA, rotator cuff 
tear, and HAGL) and minor (undisplaced labral 
tear, cuff tendinopathy, and partial rotator cuff 
tears). If the last may be managed during season 
and if necessary operated near its end, the first 
must be address as soon as possible in order to 
avoid extension of the lesions and to recover the 
player early next season.

31.3.1.1	 �Cuff Tendinopathy and 
Partial Rotator Cuff Tears

Cuff tendinopathy and partial-thickness tears 
occur mainly on the supraspinatus tendon. 
Symptoms arise from mechanical impairment 
with adaptive response of the shoulder girdle, from 
inflammatory changes and involvement also of the 
long head of the biceps. Clinical diagnosis may be 
confirmed by magnetic ressonance imaging (MRI) 
allowing also to classify the tear as articular (AT), 
bursal (BT), or intratendinous (IT) [10].

•	 Conservative Treatment

Physiotherapy, anti-inflammatory drugs, and 
subacromial injections are all included as con-
servative treatment strategies of subacromial 
tendonitis. The objectives are to diminish the 
inflammatory response and to regain shoulder 
girdle normal biomechanics. Corticoid subacro-
mial injections should be avoided. Growth fac-
tors have been proved to ameliorate pain and 
inflammatory signs of patients operated on for 
rotator cuff tears [11, 12]. Based on these results, 
authors propose to manage, during the season, 
patients that are still able to play and suffer from 
cuff tendonitis or partial rotator cuff tears, recur-
ring to growth factors in subacromial injection.

Patients with degenerative partial-thickness 
tears due to impingement are treated similarly to 
those with rotator cuff tendinopathy and subacro-
mial bursitis. Local rest, application of cold or 
heat, massage, nonsteroidal anti-inflammatory 
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medication for a short period of time, modifica-
tion of activities, gentle exercises for anterior and 
posterior capsular stretching, and later, muscle 
strengthening for the rotator cuff and the peri-
scapular musculature to restore the mechanical 
balance [13]. Subacromial or intra-articular corti-
costeroid injections can also be used judiciously, 
depending on the location of the tear for those 
patients with persistent symptoms unresponsive 
to other means of pain reduction.

Pain and loss of active elevation have been 
identified as poor prognostic factors for success-
ful conservative treatment [14]. Most bursal tears 
(BTs) respond poorly to conservative treatment 
[15]. Once the vicious circle of subacromial 
impingement has been established and/or the tear 
is deep, conservative treatment is rarely helpful. 
Early surgical intervention should be considered 
when the severe clinical manifestations and if 
imaging suggests a BT diagnosis [16]. In most 
cases, 3 months of conservative treatment are 
sufficient to assess the clinical improvement 
achievable without surgery. A fast therapeutic 
response predicts better outcomes and strength 
usually is difficult to improve [10, 17]. In other 
hand, conservative treatment consistently allevi-
ated the pain and improved the range of motion.

•	 Operative Treatment

Timing for surgical treatment is crucial in sports. 
Degenerative partial tears that become symptomatic 
during the season may be treated conservatively, 
and return to play may be decided according to 
symptom control and functional recovery. Traumatic 
acute partial tears may also be conservatively con-
trolled during the season. Nevertheless anterior 
supraspinatus and superior subscapularis tear as 
they interfere with the bicipital pulley, and BTs are 
more difficult to deal by conservative measures.

Surgical treatment is performed arthroscopi-
cally. This technique allows the surgeon to inspect 
all the shoulder and to take the right measures 
based on the clinical history and exam supported 
by complementary exams. For diagnosis confir-
mation, a systematic inspection and palpation of 
the joint and bursal sides of the cuff should be 
performed. Joint side fraying should be debrided, 
the extent of the lesion measured and a suture 

marker passed. Then a bursal side inspection 
should be performed, with bursectomy and qual-
ity assessment of the bursal side of the tendon. If 
an intratendinous lesion is suspected, thinning of 
the cuff, bulging and pressing the tendon with a 
probe on elevation or rotation of the arm can give 
the location of the lesion. Additionally, using the 
shaver can put the lesion in sight.

Treatment of most symptomatic partial tears 
should be directed toward a primary diagnosis 
such as an impingement syndrome or instability, 
with treatment of the partial tear itself being con-
sidered a part of a broader problem. Nevertheless, 
in traumatic lesions, the rotator cuff lesion is the 
cause of the dynamic impairment and consequently 
of the secondary inflammatory process of the bursa 
and the long head of the biceps (LHB). In this case, 
repair of the structural problem is the key.

Arthroscopy might be performed on a “beach 
chair” or lateral decubitus position depending on 
the training and preferences of the surgeon. 
Through a posterior portal, an articular side 
inspection is performed. The quality of the supra-
spinatus should be accessed, fraying should be 
debrided, and the presence of associated lesions 
should be noted. Very often a superior labrum 
lesion is present. Normally, a Snyder type 1 lesion 
resulting from vertical dynamic instability of the 
humeral head and only a debridement should be 
considered (Fig. 31.1). In other rare cases with 
type 2 or 3 SLAP lesions, the stability of the frag-
ments and of the LHB should be accessed in 
order to decide whether to repair the lesion or 
perform a biceps tenodesis. In this specific  

Fig. 31.1  Articular partial tear
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population our method of choice is to suprapec-
toraly fixate the LHB with an interference screw. 
After debriding, the extent of the lesion should be 
measured and marked. Care should be taken to 
access the integrity of the biceps posterior pulley 
and biceps stability (Fig. 31.2).

At the subacromial space, a careful but com-
plete bursectomy should be performed and the 
suture marker identified. The quality of the ten-
don on the bursal side should be accessed, and 
indirect signs of impingement like fraying of the 
coracoacromial arch should be noted (Fig. 31.3). 
If the tear is 7  mm or less deep, debridement 
alone and subacromial decompression must be 

considered associated with stabilization of the 
LHB if necessary. If the tear is deeper than 7 mm, 
a repair using a suture anchor should be 
performed.

The surgeon must decide whether to do a 
trans-tendon repair or to remove the remaining 
tissue and treat the rupture as a complete tear. 
Some authors believe that the remaining cuff 
tissue in continuity is of poor quality, which 
increases the likelihood of postoperative pain 
and retear [18]. If completion of the rupture has 
been decided, configuration of the fixation, 
such as single-row, double-row, or transosseous 
equivalent, should be designed according to the 
extent of the tear, tissue quality, and elasticity.

Surgical approach results for partial-thickness 
supraspinatus tears have been extensively 
reported [18–21]. For instance, Park showed that 
surgical repair yields 93% of all patients with 
good or excellent results, and 95% demonstrated 
satisfactory outcome with regard to pain reduc-
tion and functional outcome.

Subscapularis tendon tears are less common 
than supraspinatus tears but more prone to cause 
significant disability, producing an unbalanced 
shoulder and originating an unstable LHB by 
lesion of the anterior pulley. Lesions may be 
classified according to Lafosse et al. [22], and 
the ruptured tendon should be repaired to the 
bone, using, for example, suture anchors. 
According to the same author, arthroscopic 
repair of subscapularis isolated tears can yield 
marked improvements in shoulder function and 
pain reduction.

31.3.1.2	 �Total Rotator Cuff Tears
Total rotator cuff tears in this young and sporty 
population must be surgically approached as 
soon as possible. Supraspinatus is more fre-
quently involved. Arthroscopic treatment and 
repair using suture anchors is the “gold stan-
dard.” The use of single-row, double-row, or 
transosseous equivalent has been a matter of dis-
cussion. In order to decide the best type of ten-
don repair, the surgeon might have taken into 
consideration the young age and sport activity of 
this population, the type of tear, and the quality 
of the tendon.

Fig. 31.2  Long head of the biceps (LHB) tenosynovitis 
and fraying associated to biceps Instability.

Fig. 31.3  Subacromial view
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31.3.1.3	 �Labral Tears
Four types of superior labrum anterior to poste-
rior (SLAP) lesions were initially described 
according to Snyder et al. [23]. However in the 
last years, several classifications have reported an 
increasing number of different types of SLAP 
lesions. The clinical usefulness of these last is not 
well established [23, 58].

As said previously, undisplaced tears of all the 
glenoid quadrants may be dealt conservatively dur-
ing the season, and if signs of instability subside, they 
can be surgically repaired at the end of the season.

Surgical repair is accomplished arthroscopi-
cally, and stabilization can be done repairing the 
labrum using suture anchors. However, some 
authors prefer to treat SLAP 2 lesions with a LHB 
tenodesis in order to obtain a better control of pain 
and functional impairment [24]. This method may 
also be applied to type 3 and 4 lesions that involve 
the LHB or turn this structure instable. Tenodesis 
should be performed with a strong primary stabili-
zation method, and an interference screw is a good 
option for this high-demanding population [25].

31.3.2	 �Elbow

The elbow joint is a trochoginglymoid joint, 
between the humerus, radius, and ulna, with two 
degrees of freedom [26]. Stability is provided by 
a complex and interrelated structure of bony and 
ligamentous anatomy, and the restraints are often 
classified as either primary or secondary. The pri-
mary stabilizers are the anterior bundle of the 
medial collateral ligament (MCL), the ulno-
humeral joint congruency, and the lateral collat-
eral ligament (LCL) complex, and the secondary 
stabilizers are the anterior joint capsule, the fore-
arm musculature, and radial head [27–29].

The LCL is a complex of ligaments, composed 
of four distinct structures: the annular ligament, 
radial collateral ligament (RCL), accessory lat-
eral collateral ligament, and lateral ulnar collat-
eral ligament (LUCL) [30]. The LUCL in 
particular has been credited with a great clinical 
significance as a constraint against posterolateral 
rotatory instability and its reconstruction after 
lesion is advised [31, 32].

The MCL has anterior, posterior, and trans-
verse bundles [33, 34] where the former originat-
ing in the medial epicondyle and inserting into 
the medial aspect of the coronoid process is the 
primary restraint to valgus and internal rotation 
[35, 36].

The muscles around the elbow joint are 
dynamic constraints, which help to provide sta-
bility [29, 37, 38]. The wrist extensors originate 
from the lateral epicondyle of the humerus, 
whereas the flexors originate from the medial 
epicondyle.

31.3.2.1  �Epicondylar Pain
Epicondylar pain is a frequent complaint that 
commonly is referred to as tennis elbow (in the 
lateral side) and golfer’s elbow (in the medial 
side). These entities are overuse injuries related 
to sport activities where repetitive movements 
and micro traumatisms of the wrist flexor and 
extensor tendons are thought to be the mecha-
nism for injury. Moreover, repetitive movements 
with eccentric contraction (muscle-tendon unit 
lengthening while contracting) increase suscepti-
bility to epicondylitis [39].

Despite the name suggesting inflammation as 
the origin of the pathology, the hallmark of this 
disease is microvascular damage, degenerative 
cellular processes, and disorganized healing, and 
so “tendinosis” is considered a more appropriate 
name for this clinical entity. Moreover, histologic 
examination of the extensor carpi radialis brevis 
(ECRB) in lateral epicondylitis has demonstrated 
chronic degeneration with few inflammatory cells, 
many immature fibroblasts, disorganized vascular 
elements, and disorganized collagen [40].

Overall, lateral epicondylitis is 7–10 times 
more common than medial epicondylitis [41].

Clinically, the elbow pain at the lateral or 
medial side that can radiate a few centimeters 
down the forearm according to the group of ten-
dons affected is usually the presenting complaint. 
It has an insidious onset that is worsened with 
activity and relieved by rest. Patients may also 
feel weakness in the hand or difficulty carrying 
items.

Physical examination is important to confirm 
the diagnosis and exclude other differential 
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diagnoses affecting the cervical spine, shoulder, 
elbow, and wrist. Tenderness in the lateral epi-
condyle and the origin of the wrist extensor mus-
cles is suggestive of lateral epicondylitis and pain 
more distally located, approximately 5 cm from 
the lateral epicondyle is suggestive of a posterior 
interosseous nerve syndrome. Palpation of the 
medial aspect of the elbow aids diagnosing 
medial epicondylitis, an ulnar nerve entrapment, 
a MCL sprain, or a combination of the three enti-
ties. Palpation of the medial epicondyle and mus-
cle bellies of the wrist flexor tendons elicits 
tenderness in a case of medial epicondylitis. In 
the wrist, pain with resisted wrist extension is 
suggestive of lateral epicondylitis and pain with 
resisted wrist flexion is suggestive of medial 
epicondylitis.

Epicondylitis is a clinical diagnosis, but ima-
giological examinations (e.g., X-ray, ultrasonog-
raphy, or MRI) are used after a failure of 
conservative therapy to rule out other clinical 
entities [39]. Even though a radial nerve entrap-
ment can be a dynamic situation, electromyogra-
phy studies are used to help identifying this 
condition [42].

The treatment is summarized in the acronym 
PRICEMM (protection, rest, ice, compression, 
elevation, medication, modalities) [39]. 
Protection means that overuse activity that 
resulted in tendon injury should be avoided to 
stop the vicious cycle and to prevent further dam-
age. Relative rest is important because some ther-
apeutic exercise can help healing the damaged 
tendon. Ice massage can assist in pain control. A 
counterforce elbow strap for compression 
approximately 2  cm below the painful epicon-
dyle can help offload the proximal tendon during 
wrist extension or flexion. The effectiveness in 
pain control can be evaluated during the clinical 
examination, asking the patient to perform the 
movements that elicit pain (e.g., wrist or finger 
extension) and feel if the manual compression by 
the examinator’s hand decreases the visual ana-
log scale (VAS) for pain.

Medications are used only for pain control. 
Physical therapy modalities, such as electrical 
stimulation, phonophoresis, and iontophoresis, 
are effective in assisting on pain control but are 

unable to correct the underlying tendinosis. To 
accomplish this, stretching and strengthening 
exercises are performed on the flexor-pronator 
group or the extensor-supinator group accord-
ing the affected tendons. Progression to 
eccentric exercises is the goal, because this is 
thought to reestablish normal tendon architec-
ture [43].

A corticosteroid injection is frequently used 
and safe for trial in refractory cases of epicondy-
litis and can relieve pain of neurogenic origin 
[44]. However the natural course of the disease 
may be unaltered or potentially worsened by this 
intervention [39]. Moreover, in professional 
practitioners, its use must be communicated in 
advance for the Doping Control Commission to 
avoid legal problems for the athlete.

Autologous blood injections and platelet-rich 
plasma (PRP) injections have been used to treat 
epicondylitis, and the results are promising but 
inconsistent [45, 46]. The rationale for its use is 
the hypovascular and noninflammatory nature of 
epicondylitis. Both autologous blood injections 
and PRP injections are thought to use platelet-
derived growth factors and angiogenic mediators 
to aid in the healing response by recruiting vascu-
larity to the damage tissue [47].

Extracorporeal shock wave therapy (ECSWT) 
has been used in refractory cases, and the proce-
dure uses acoustic waves to treat tendinosis. The 
mechanism of action is thought to be related to 
the activation of the inflammatory cycle, release 
of local growth factors, and the recruitment of 
appropriate stem cells to the affected area [48]. 
However a systematic review of ECSWT 
concluded that there was little to no benefit from 
this procedure in the treatment of lateral elbow 
pain [49].

When conservative treatment fails to improve 
the symptoms, then surgery is advised. Releases 
of the tendon origins by percutaneous, open, or 
arthroscopic means are proposed surgical options 
in recalcitrant cases. All methods have good 
results in pain relief, but if posterior interosseous 
nerve compression is associated, then the open 
approach offers the opportunity to associate the 
decompression of the nerve in the same 
procedure.
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31.3.2.2  �UCL Injury
Ulnar collateral ligament (UCL) injury may be 
acute or chronic, and the latter is associated with 
movements like throwing a ball with the hand, 
which is a typical action of GK when passing the 
ball to teammates. The classic presentation is 
medial elbow pain worsened during throwing 
maneuver, and physical exam can often diagnose 
this entity with the “milking” maneuver. To con-
firm the diagnosis, radiography, which may be 
normal initially, may demonstrate changes asso-
ciated with chronic laxity and valgus extension 
overload. Medial joint opening >2 mm on valgus 
views is consistent with instability. MRI is the 
gold standard diagnosing UCL sprain or tearing 
with 100% sensitivity for complete tears of the 
anterior band of the UCL. However, MRI has a 
low sensitivity (14%) for partial-thickness tears, 
whereas magnetic ressonance imaging (MRA) 
has a sensitivity of 86% and specificity of 100% 
for partial tears [50].

Physical therapy, evaluation of throwing 
mechanics, and a hinged elbow brace are part of 
the conservative treatment. Persistent valgus 
instability after 6 months of nonsurgical manage-
ment may indicate a need for surgical interven-
tion with anterior bundle UCL reconstruction, 
often using palmaris longus autograft, to restore 
valgus stability [51]. In addition, UCL calcifica-
tion or tears typically require surgical interven-
tion, again via UCL reconstruction [52].

31.3.2.3  �Osteochondritis Dissecans 
(OCD) of the Capitellum

Repetitive impact injuries to the elbow of GK 
caused by the ball hitting the fully extended distal 
part of a forearm have been well described [53, 
54]. It is supposed that elbow valgus loading is 
the likely cause of such impact injuries to the 
elbow [55].

OCD of the capitellum is a flap of cartilage 
typically with a bone attached that is lifted off its 
underlying bony bed (Fig. 31.4) and can result 
also from that repetitive valgus force applied to 
the capitellum [56]. The valgus loads at the time 
of ball blockade during the ball hitting and 
mechanical mismatch between the central radial 
head and lateral capitellum could be considered 

as the reason for the disease. Although the OCD 
is primarily a disorder of adolescents, adults can 
also develop the problem, and incomplete cure of 
acute elbow injuries may result in OCD due to 
inadequate treatment [54].

Radiographically, localized fragmentation of 
the capitellum may be seen, possibly with pro-
gression to loose body formation and, on MRI, 
demonstrates low T1 signal intensity in the early 
phase. MRA is the preferred modality to evaluate 
articular cartilage as well as for the presence and 
stability of loose bodies [50].

Nondisplaced stable fragments can be treated 
conservatively until symptoms subside. Surgical 
intervention might improve clinical pain, but 
pediatric athletes may never return to their pre-
surgical competitive level [50, 57].

�Conclusion

Sports practice became common in the gen-
eral population, and both children and the 
elderly more often maintain this practice on a 
regular basis where football is probably the 
most popular and practiced worldwide.

Shoulder overuse lesions of the GK pre-
dominantly involve the rotator cuff. Cuff ten-
dinopathy associated with impingement 
syndrome and partial rotator cuff tears may be 

Fig. 31.4  Osteochondritis Dissecans (OCD) of the 
Capitellum (arrow)
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treated conservatively. Complete rotator cuff 
tears should be operated on as soon as possi-
ble, and arthroscopy is the preferred method 
allowing a rationale strategy and treating asso-
ciated lesions. Instable and symptomatic 
labral lesions should be treated arthroscopi-
cally using suture anchors, and SLAP lesions 
might benefit of LHB tenodesis instead of 
repair in athletes from the third decade of life.

GK with elbow or wrist pain warrant clini-
cal examination and further evaluation with 
imagiological studies to establish the correct 
diagnosis. Conservative treatment based on 
rest, specific sportive technique evaluation, 
and correction and rehabilitation is usually the 
first step. However, if the patient does not 
improve, then he/she may benefit from surgi-
cal intervention followed by a specific pro-
gram of protection and rehabilitation.

Knowledge of the technical specificity of 
the GK, most frequent associated overuse 
injuries and a proper diagnostic and therapeu-
tic approach, allows returning the athlete to 
the playing field while minimizing long-term 
adverse outcomes. It is important to empha-
size that the sport practice should be resumed 
only after the subsidence of the symptoms.

References

	 1.	FIFA Big Count 2006: 270 million people active in 
football http://www.fifa.com/mm/document/fifafacts/
bcoffsurv/bigcount.statspackage_7024.pdf.

	 2.	Ekstrand J, Gillquist J.  Soccer injuries and their 
mechanisms: a prospective study. Med Sci Sports 
Exerc. 1983;15:267–70.

	 3.	Ekstrand J, Hagglund M, Tornqvist H, Kristenson K, 
Bengtsson H, Magnusson H, Walden M.  Upper 
extremity injuries in male elite football players. Knee 
Surg Sports Traumatol Arthrosc. 2013;21:1626–32.

	 4.	Hagglund M, Walden M, Bahr R, Ekstrand J. Methods 
for epidemiological study of injuries to professional 
football players: developing the UEFA model. Br 
J Sports Med. 2005;39:340–6.

	 5.	Fuller CW, Ekstrand J, Junge A, Andersen TE, Bahr 
R, Dvorak J, Hagglund M, McCrory P, Meeuwisse 
WH.  Consensus statement on injury definitions 
and data collection procedures in studies of foot-
ball (soccer) injuries. Br J  Sports Med. 2006;40: 
193–201.

	 6.	Ziv G, Lidor R.  Physical characteristics, physi-
ological attributes, and on-field performances of 
soccer goalkeepers. Int J  Sports Physiol Perform. 
2011;6:509–24.

	 7.	de Moura NR, Borges LS, Santos VC, Joel GB, Bortolon 
JR, Hirabara SM, Cury-Boaventura MF, Pithon-Curi 
TC, Curi R, Hatanaka E. Muscle lesions and inflamma-
tion in futsal players according to their tactical positions. 
J Strength Cond Res. 2013;27:2612–8.

	 8.	Ekstrand J, Hagglund M, Walden M. Injury incidence 
and injury patterns in professional football: the UEFA 
injury study. Br J Sports Med. 2011;45:553–8.

	 9.	Hart D, Funk L.  Serious shoulder injuries in profes-
sional soccer: return to participation after surgery. Knee 
Surg Sports Traumatol Arthrosc. 2015;23:2123–9.

	10.	Ellman H.  Diagnosis and treatment of incomplete 
rotator cuff tears. Clin Orthop Relat Res. 
1990;254:64–74.

	11.	Randelli PS, Arrigoni P, Cabitza P, Volpi P, Maffulli 
N. Autologous platelet rich plasma for arthroscopic 
rotator cuff repair. A pilot study. Disabil Rehabil. 
2008;30:1584–9.

	12.	Randelli P, Arrigoni P, Ragone V, Aliprandi A, Cabitza 
P.  Platelet rich plasma in arthroscopic rotator cuff 
repair: a prospective RCT study, 2-year follow-up. 
J Shoulder Elbow Surg. 2011;20:518–28.

	13.	Kuhn JE.  Exercise in the treatment of rotator cuff 
impingement: a systematic review and a synthesized 
evidence-based rehabilitation protocol. J  Shoulder 
Elbow Surg. 2009;18:138–60.

	14.	Yamaguchi K, Tetro AM, Blam O, Evanoff BA, 
Teefey SA, Middleton WD. Natural history of asymp-
tomatic rotator cuff tears: a longitudinal analysis of 
asymptomatic tears detected sonographically. 
J Shoulder Elbow Surg. 2001;10:199–203.

	15.	Hawkins RH, Dunlop R. Nonoperative treatment of 
rotator cuff tears. Clin Orthop Relat Res. 1995;321: 
178–88.

	16.	Cordasco FA, Backer M, Craig EV, Klein D, Warren 
RF. The partial-thickness rotator cuff tear: is acromio-
plasty without repair sufficient? Am J  Sports Med. 
2002;30:257–60.

	17.	Bokor DJ, Hawkins RJ, Huckell GH, Angelo RL, 
Schickendantz MS. Results of nonoperative manage-
ment of full-thickness tears of the rotator cuff. Clin 
Orthop Relat Res. 1993;294:103–10.

	18.	Porat S, Nottage WM, Fouse MN. Repair of partial 
thickness rotator cuff tears: a retrospective review 
with minimum two-year follow-up. J Shoulder Elbow 
Surg. 2008;17:729–31.

	19.	Park JY, Chung KT, Yoo MJ. A serial comparison of 
arthroscopic repairs for partial- and full-thickness 
rotator cuff tears. Arthroscopy. 2004;20:705–11.

	20.	Weber SC. Arthroscopic debridement and acromio-
plasty versus mini-open repair in the management of 
significant partial-thickness tears of the rotator cuff. 
Orthop Clin North Am. 1997;28:79–82.

	21.	Weber SC. Arthroscopic debridement and acromio-
plasty versus mini-open repair in the treatment of sig-
nificant partial-thickness rotator cuff tears. 
Arthroscopy. 1999;15:126–31.

	22.	Lafosse L, Jost B, Reiland Y, Audebert S, Toussaint B, 
Gobezie R. Structural integrity and clinical outcomes 
after arthroscopic repair of isolated subscapularis 
tears. J Bone Joint Surg Am. 2007;89:1184–93.

N. Sevivas et al.

http://www.fifa.com/mm/document/fifafacts/bcoffsurv/bigcount.statspackage_7024.pdf
http://www.fifa.com/mm/document/fifafacts/bcoffsurv/bigcount.statspackage_7024.pdf


361

	23.	Nam EK, Snyder SJ. Diagnosis and treatment of 
superior labrum anterior and posterior (SLAP) 
lesions. Am J Sports Med. 2003;31:798–810.

	24.	Boileau P, Parratte S, Chuinard C, Roussanne Y, Shia 
D, Bicknell R. Arthroscopic treatment of isolated type 
II SLAP lesions: biceps tenodesis as an alternative to 
reinsertion. Am J Sports Med. 2009;37:929–36.

	25.	Boileau P, Krishnan SG, Coste JS, Walch 
G.  Arthroscopic biceps tenodesis: a new technique 
using bioabsorbable interference screw fixation. 
Arthroscopy. 2002;18:1002–12.

	26.	Morrey BF, Sanchez-Sotelo J. The elbow and its dis-
orders. Philadelphia: WB Saunders Company; 2009.

	27.	McKee MD, Schemitsch EH, Sala MJ, O’Driscoll 
SW. The pathoanatomy of lateral ligamentous disrup-
tion in complex elbow instability. J Shoulder Elbow 
Surg. 2003;12:391–6.

	28.	Morrey BF, An KN.  Stability of the elbow: osse-
ous constraints. J  Shoulder Elbow Surg. 2005;14: 
174S–8S.

	29.	Tarassoli P, McCann P, Amirfeyz R. Complex instabil-
ity of the elbow. Injury. 2013;48:568–77.

	30.	Reichel LM, Milam GS, Sitton SE, Curry MC, 
Mehlhoff TL. Elbow lateral collateral ligament inju-
ries. J Hand Surg Am. 2013;38:184–201.

	31.	O’Driscoll SW, Bell DF, Morrey BF.  Posterolateral 
rotatory instability of the elbow. J  Bone Joint Surg 
Am. 1991;73:440–6.

	32.	O’Driscoll SW, Morrey BF, Korinek S, An KN. Elbow 
subluxation and dislocation. A spectrum of instability. 
Clin Orthop Relat Res. 1992;280:186–97.

	33.	Morrey BF, An KN. Functional anatomy of the liga-
ments of the elbow. Clin Orthop Relat Res. 
1985;201:84–90.

	34.	Floris S, Olsen BS, Dalstra M, Sojbjerg JO, Sneppen 
O. The medial collateral ligament of the elbow joint: 
anatomy and kinematics. J Shoulder Elbow Surg. 
1998;7:345–51.

	35.	Regan WD, Korinek SL, Morrey BF, An 
KN.  Biomechanical study of ligaments around the 
elbow joint. Clin Orthop Relat Res. 1991;271:170–9.

	36.	Morrey BF, Tanaka S, An KN. Valgus stability of the 
elbow. A definition of primary and secondary con-
straints. Clin Orthop Relat Res. 1991;265:187–95.

	37.	Safran MR, Baillargeon D.  Soft-tissue stabiliz-
ers of the elbow. J  Shoulder Elbow Surg. 2005;14: 
179S–85S.

	38.	An KN, Hui FC, Morrey BF, Linscheid RL, Chao 
EY. Muscles across the elbow joint: a biomechanical 
analysis. J Biomech. 1981;14:659–69.

	39.	Pitzer ME, Seidenberg PH, Bader DA. Elbow tendi-
nopathy. Med Clin North Am. 2014;98:833–49, xiii.

	40.	Kraushaar BS, Nirschl RP. Tendinosis of the elbow (tennis 
elbow). Clinical features and findings of histological, immu-
nohistochemical, and electron microscopy studies. J Bone 
Joint Surg Am. 1999;81:259–78.

	41.	Leach RE, Miller JK. Lateral and medial epicondylitis 
of the elbow. Clin Sports Med. 1987;6:259–72.

	42.	Lubahn JD, Cermak MB. Uncommon nerve compres-
sion syndromes of the upper extremity. J Am Acad 
Orthop Surg. 1998;6:378–86.

	43.	Stanish WD, Rubinovich RM, Curwin S.  Eccentric 
exercise in chronic tendinitis. Clin Orthop Relat Res. 
1986;208:65–8.

	44.	Ljung BO, Alfredson H, Forsgren S.  Neurokinin 
1-receptors and sensory neuropeptides in tendon 
insertions at the medial and lateral epicondyles of the 
humerus. Studies on tennis elbow and medial epicon-
dylalgia. J Orthop Res. 2004;22:321–7.

	45.	Peerbooms JC, Sluimer J, Bruijn DJ, Gosens 
T. Positive effect of an autologous platelet concentrate 
in lateral epicondylitis in a double-blind randomized 
controlled trial: platelet-rich plasma versus corticoste-
roid injection with a 1-year follow-up. Am J Sports 
Med. 2010;38:255–62.

	46.	Suresh SP, Ali KE, Jones H, Connell DA. Medial epi-
condylitis: is ultrasound guided autologous blood 
injection an effective treatment? Br J  Sports Med. 
2006;40:935–9.

	47.	Bales CP, Placzek JD, Malone KJ, Vaupel Z, Arnoczky 
SP.  Microvascular supply of the lateral epicondyle 
and common extensor origin. J Shoulder Elbow Surg. 
2007;16:497–501.

	48.	Thiel M.  Application of shock waves in medicine. 
Clin Orthop Relat Res. 2001;387:18–21.

	49.	Buchbinder R, Green SE, Youd JM, Assendelft WJ, 
Barnsley L, Smidt N. Systematic review of the effi-
cacy and safety of shock wave therapy for lateral 
elbow pain. J Rheumatol. 2006;33:1351–63.

	50.	Paz DA, Chang GH, Yetto Jr JM, Dwek JR, Chung 
CB. Upper extremity overuse injuries in pediatric ath-
letes: clinical presentation, imaging findings, and 
treatment. Clin Imaging. 2015;39:954–64.

	51.	Conway JE.  Arthroscopic repair of partial-thickness 
rotator cuff tears and SLAP lesions in professional base-
ball players. Orthop Clin North Am. 2001;32:443–56.

	52.	Safran MR.  Ulnar collateral ligament injury in the 
overhead athlete: diagnosis and treatment. Clin Sports 
Med. 2004;23:643–63.

	53.	Tyrdal S, Bahr R. High prevalence of elbow problems 
among goalkeepers in European team handball  – 
‘handball goalie’s elbow’. Scand J  Med Sci Sports. 
1996;6:297–302.

	54.	Rod E, Ivkovic A, Boric I, Jankovic S, Radic A, 
Hudetz D. Acute hyperextension/valgus trauma to the 
elbow in top-level adult male water polo goalkeepers: 
a cause of osteochondritis dissecans of the capitel-
lum? Injury. 2013;44(Suppl 3):S46–8.

	55.	Akgun U, Karahan M, Tiryaki C, Erol B, Engebretsen 
L. Direction of the load on the elbow of the ball block-
ing handball goalie. Knee Surg Sports Traumatol 
Arthrosc. 2008;16:522–30.

	56.	Jobe FW, Nuber G. Throwing injuries of the elbow. 
Clin Sports Med. 1986;5:621–36.

	57.	Kobayashi K, Burton KJ, Rodner C, Smith B, Caputo 
AE.  Lateral compression injuries in the pediatric 
elbow: Panner’s disease and osteochondritis dis-
secans of the capitellum. J Am Acad Orthop Surg. 
2004;12:246–54.

	58.	Maffet MW, Gartsman GM, Moseley B. Superior 
labrum-bicepcs tendon complex lesion of the shoulder. 
Am J Sports Med. 1995;23:93–8.

31  Overuse Injuries of the Goalkeeper



Part VIII

Muscle Injuries in the Lower Limb



365© ISAKOS 2017 
J. Espregueira-Mendes et al. (eds.), Injuries and Health Problems in Football, 
DOI 10.1007/978-3-662-53924-8_32

Epidemiology, Risk Factors, 
and Prevention

Paulo Barreira, João Pedro Araújo, Ruben Ferreira, 
and Nuno Loureiro

Contents

32.1     �Introduction �   365

32.2     �Epidemiology �   366
32.2.1  �Incidence �   366
32.2.2  �Injury Mechanism �   366
32.2.3  �Severity �   367
32.2.4  �Recurrence �   367

32.3     �Risk Factors �   367

32.4     �Prevention �   367
32.4.1  �Load Management �   370
32.4.2  �Strength �   371
32.4.3  �Flexibility and Range of Motion (ROM) �   371
32.4.4  �Motor Control �   371

�Conclusion �   372

�References �   373

32.1	 �Introduction

Muscle injuries are the number one problem for 
football players and medical and technical staffs, 
representing an average of 35% of all injuries in 
football. Besides that, this kind of injury also rep-
resents the one causing more match and training 
absences, showing the importance to understand 
it [1, 2].

Although it has been always a relevant issue in 
football teams, only in 2001 football injuries 
started to be conveniently studied by Ekstrand 
et al. [1, 2] in a study using the clubs participating 
in the Europe Champions League. This was the 
first football injuries’ epidemiological study per-
formed in a large scale that provided football pro-
fessionals with an injury profile of such an 
amazing sport [1, 2].

Later on, and in order to specifically study 
muscle injury behavior in football, Ekstrand 
et  al. presented us with another large-scale  P. Barreira (*) 
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epidemiological study, becoming the most 
important study among this issue [1, 2].

That particular study had a significant impor-
tance once it showed football community the rel-
evance of the injuries throughout the season, 
revealing the number of absences to trainings and 
matches and highlighting the importance of 
adopting more efficient prevention strategies.

The best prevention program will be the one 
that is able to control or decrease the greatest 
number of injury risk factors of each player. This 
way, to successfully implement a muscle injury 
prevention program, sports professionals must, 
first, have knowledge about its risk factors, being 
able to screen it, and then have strategies to 
reduce it.

This chapter’s goal is to give the reader an 
overview regarding football muscle injury epide-
miology and identify its risk factors to ultimately 
able sports professionals to wisely develop a 
muscle injury prevention program with a wide 
approach.

32.2	 �Epidemiology

As mentioned above, the studies performed by 
Ekstrand et  al. [1, 2] became the reference in 
what concerns to muscle injuries’ epidemiology 
in football. Considering that, this chapter will 
focus on Ekstrand’s research, clarifying the 
reader about this issue [1, 2].

32.2.1	 �Incidence

Muscle injuries occupy the first position among 
football injuries’ incidence; however, its distribution 
within lower limb muscles is not homogeneous, 
neither its injury mechanism [1, 2].

Muscle injuries may be classified as direct or 
indirect, resulting from a contusion or a strain, 
respectively, being 95% of them due to an indirect 
mechanism (e.g., sprinting, kicking) [1–3].

As shown in Fig. 32.1, the hamstrings are the 
most injured muscles in football, counting 37% 
of them and 12% of all injuries in football, being 
the biceps femoris the most commonly impli-
cated portion [4].

Besides having a lower incidence, there are 
some other muscle injuries that might occur in 
professional football practice (e.g., rectus abdom-
inis strain); however, its incidence is consider-
ably lower than the muscle mentioned above, 
once all other muscles’ injuries represent only 
8% of all muscle injuries in football [1, 2].

32.2.2	 �Injury Mechanism

As mentioned before, most of the muscle injuries 
in football are muscle strains due to an indirect 
mechanism.

This kind of injury happens usually on the 
myotendinous junction where the muscle fibers 
converge and the forces tend to be more tangen-
tial in this place, turning it more prone to injury 
during eccentric efforts when the connective tis-

Quadriceps
Hamstrings
Adductors
Calf
Others

19%
8%

13%

23%

37%

Fig. 32.1  Muscle injuries incidence distribution in foot-
ball (Adapted from Ekstrand et al. (2011))

Table 32.1  Typical injury mechanism of the most fre-
quently injured muscles in football

Muscle group Typical injury mechanism

Hamstrings Sprinting
(Biceps Femoris)
Stretching
(Semimembranous)

Quadriceps Shooting
(Rectus Femoris)
Sprinting

Groin Changing Direction
Shooting
Stretching

Calf Acceleration/Deceleration

P. Barreira et al.
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sue is heavily tensioned. Besides that, the myo-
tendinous junction is also a less irrigated tissue, 
which may contribute also to the injury risk at 
this location. However, muscle strains may also 
occur in myofascial location or, less often, being 
an intramuscular injury [5].

Although the typical injury mechanism of 
each of the most frequently injured muscles in 
football is different (e.g., groin muscle group 
while changing direction), it usually happens 
during an eccentric effort, when the muscle is 
elongating at the same time it is contracting (e.g., 
hamstrings slowing down the thigh and leg while 
sprinting) or in the transition between the eccen-
tric and concentric phase of the movement [6].

Table 32.1 represents the most frequently injury 
mechanism for each muscle group in football.

32.2.3	 �Severity

According to Ekstrand et al. [1, 2] studies, in gen-
eral, a professional football team can expect 
around 58% of the muscle injuries will result in 
an absence of more than 1 week, whereas 11% of 
the muscle injuries will be able to be classified as 
severe once it will cause a period of training and 
match absence of more than 4 weeks.

Quadriceps strains were the injuries that 
caused longer absence periods of around 17 days 
on average, followed by calf muscles (15 days), 
hamstrings (14 days), and groin strains (13 days).

32.2.4	 �Recurrence

Besides not being statistically different between 
them, quadriceps and groin muscle group are the 
ones with higher recurrence rate (17%), followed 
by hamstrings (16%) and calf (13%), leading to 
higher absence periods than the index injury [1, 2].

32.3	 �Risk Factors

Nowadays, the term “injury prevention” is one of 
the most mentioned in sports environment. Injuries 
may lead to decreased competitive performance, 
reducing players’ availability to train and play. 

That is the reason why epidemiology and risk fac-
tors identification have a considerable importance 
once it will give us the lead to decrease injury risk.

There are two kinds of risk factors, non-
modifiable and modifiable. The first ones are 
related with race, age, or weather, for instance, 
those are the ones that, besides being important, 
sports professionals are not able to interfere on it.

On the other hand, modifiable risk factors 
identification has a significant importance to 
sports professionals once, addressing them, pro-
fessionals might be able to decrease injury risk – 
strength, range of motion, and motor control are 
examples of this category.

Longitudinal studies have been helping sports 
community to better understand muscle injuries’ 
risk factors in football; however, there is still 
some conflict in literature when trying to quan-
tify the strength of each risk factor identified [7].

Considering the continuously high recurrence 
of muscle injuries besides all the efforts made in 
order to prevent it, sports professionals should 
consider that not all risk factors are identified still, 
a fact that can be leading us to an ineffective 
approach regarding the modifiable risk factors [8].

Figure 32.2 represents a hierarchy relative to 
the existing level of evidence regarding each mus-
cle injury risk factor [7, 9–15]. On the bottom of 
the pyramid are seen two levels of muscle injury 
risk factors that have a significant amount of evi-
dence to be considered as a risk factor for the most 
relevant football muscle injuries, followed by the 
intermediate level which represents risk factors 
that are important and gather a considerable 
amount of evidence in some of the more common 
football muscle injuries; and, on the top of the 
pyramid are represented the muscle injuries’ risk 
factors that, besides being clinically significant for 
sports professionals, there is still some controversy 
regarding its strength as a muscle injury risk factor 
taking in consideration the small amount of and 
ambiguous studies outcomes.

32.4	 �Prevention

Considering the importance of muscular 
strength as a risk factor in hamstring injuries, 
the normalization of eccentric strength and 
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functional ratios between/in both sides are of 
significantly importance when trying to prevent 
its strain [16]. However, muscle injuries are 
multifactorial, with modifiable/non-modifiable 
risk factors and some others that might be still 
unknown  – considering the consistent signifi-
cant incidence and recurrence of muscle injuries 
in football throughout the years – which means 
that, regardless all the efforts, prevention strate-
gies are tools that might allow us to decrease the 
injury risk, but will not assure that injuries will 
not happen [8].

Muscle injuries’ risk factors assessment 
should be done during the preseason screening 
and monitored systematically during the season 
(see Chap. 34 in this book), in order to:

	1.	 Assess injury prevention program’s efficiency 
to solve/decrease the risk factors throughout 
the season

	2.	 Make sure those players that did not have a 
specific risk factor in preseason do not develop 
it during the season (e.g., strength deficit due 
to inappropriate training, injuries, and pain-
related inhibitory processes)

Figure 32.2 shows the injury risk factors that 
should be assessed and controlled during the sea-
son in order to establish athlete’s muscle injury 
risk profile, being able to develop an individual-
ized injury prevention program addressing those 
risk factors.

Muscle injury prevention programs’ aim is to 
decrease/eliminate or manage the know injury risk 
factors of each athlete, focusing especially on the 
modifiable ones. However, some non-modifiable 
risk factors might be addressed indirectly. 
Considering “age” as a risk factor for hamstring 
muscle strains, besides not being able to modify it, 
but knowing that hamstring strains usually happen 

FOOTBALL
MEDICINE

Inappropriate warm-up
Anthropometric Measures

Chronic longstanding groin pain
Posture

Neuromuscular Control

Previous major knee injury

Later Stages of Football MatchAge

Previous Muscle Injury Muscular Strength Imbalance

Load Management

Higher Level of Competition

Core StabilityEthnicity

Range of Motion

Fig. 32.2  Muscle injury risk factors pyramid
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while performing a high-speed run or a sprint [4], 
sports professionals can control player’s very high 
intensity (VHI) distance during trainings, in order 
to decrease its risk of injury due to its intrinsic fac-
tor “age” that cannot be modified, avoiding an 
overload. This example highlights the importance 
of training load monitoring and also the need to 
create cutoffs on players’ training load goals con-
sidering their injury risk factors and athlete’s indi-
vidual fitness performance profile.

Traditionally, the term “injury prevention pro-
gram” was intuitively connected with gym/field 
routines contemplating strength, flexibility, and 
motor control exercises. Nowadays, the term 
“injury prevention program” must be seen with a 
broader view, engaging medical, sports science, 
and technical staffs in order to develop individual 

and team strategies to prevent injuries through 
trainings and load management (e.g., avoid over-
load and recovery strategies), individualized exer-
cise prescription (e.g., normalize left hamstring 
eccentric strength), and rehabilitation techniques 
(e.g., improve left dorsiflexion lunge score).

Considering Fig. 32.3 is possible to understand 
that injury prevention goes far beyond a traditional 
gym workout. Injury prevention starts before any 
training, from the moment players’ complaints are 
heard to discuss their availability to train or not 
and can go as far as individual out-field training 
modification according to players’ complaints and 
physical data from the previous trainings.

Every injury prevention program should con-
template at least the below mentioned 
interventions.

Medical Department

Sports Science Staff

Injury

Prevention

Program

FOOTBALL
MEDICINE Coaching Staff

.   Injury risk factors monitoring .   Team’s technical performance

.   Team’s tactical performance

.   Team’s fitness performance

.   Trainings’ Periodization

.   Team management

.   Training and matches loads monitoring

.   Biomechanics data

.   Individual and team’s weekly load profiles

.   Prayers’ daily assessment

.   Overtraining control

.   Rehabilitation Techniques

Fig. 32.3  Injury prevention program planning dynamic
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32.4.1	 �Load Management

32.4.1.1	 �Training Periodization
Stress Versus Recovery Periods
Recovery is most likely as important as the 
stimulus given by the training session, once it 
will be the recovery periods that will allow ath-
letes body to improve their physical perfor-
mance. Important physiological event will 
happen during those periods, allowing the 
accommodation and adaptation to the training 
loads, which will not happen if recovery periods 
are not respected, having a detrimental effect on 
physical performance [10].

Studies suggest that the muscle needs at 
least 48  h to recover from a mechanically 
stressful stimulus. This means that, before that 
time, muscle will be underperforming, absorb-
ing less load that it would be expecting, increas-
ing the risk of joint overuse injuries as well as 
muscle injuries due to the decrease in the 
strength levels [17].

Considering those points, training periodiza-
tion should be planned carefully in order to 
allow muscle adaptation after heavy load stim-
ulus. Besides that, players should be monitored 
regarding their recovery status, which can be 
done using scales/questionnaires, implement-
ing recovery strategies whenever possible.

32.4.1.2	 �Training Load Quantification
As mentioned above, players’ subjective fatigue 
perception is important for decision-making 
regarding their availability to train. However, 
objective data is considerably important once it 
will allow us to quantify and compare training 
loads between sessions. Figure 32.4 as a GPS 
monitoring system to monitor training load.

GPS Monitoring [9]

•	 VHI
•	 Accelerations/decelerations
•	 Running symmetry
•	 Team and players’ profiles
•	 Weekly load increments

32.4.1.3	 �Undertraining 
Versus Overtraining

Training loads should be monitored carefully in 
order to avoid undertraining or overtraining situ-
ations, reaching an optimal load instead [10, 17].

Undertraining will be insufficient to develop 
players’ physical capabilities or even not be able 
to reproduce football matches’ physical demands, 
which will increase injury risk during match play. 
On the other side, overtraining will conduct play-
ers to exhaustion status, decreasing their physical 
performance levels and exposing them to a higher 
injury risk due to fatigue.

Besides that, the kind of out-field training vol-
ume should also be considered as part of the injury 
prevention program, once different muscle groups 
are predominantly active rather than others under 
certain circumstances. As an example of that, 
small-sided games (SSG) are prone to promote 
several quick direction changes, accelerations, 
and decelerations from the players, however with 

Fig. 32.4  GPS monitoring system with player’s training 
raw data
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a considerable moderated maximum speed. On 
the other hand, exercises in a wider space (50 m 
length) will be more prone to promote higher 
speeds, increasing players VHI distance content 
during the training session.

Considering this, SSG may be more specific 
to load muscle groups in the groin area as well as 
quadriceps femoris and calf muscles, once they 
have a tight relationship with acceleration and 
deceleration abilities, as well as with changing 
direction, while exercises in a wider space can 
preferentially load the hamstrings once its work 
is more demanding when players get closer to 
80% of their maximum speed, which will only be 
possible to achieve when playing in spaces with 
bigger lengths than in the SSG.

Those finding must warn football profession-
als regarding the importance of training variabil-
ity in terms of exercises and its volume, once they 
may increase the risk of injury, both due to over-
training or undertraining.

32.4.2	 �Strength

Football players should have a gym routine in 
order to correct their strength deficits or maintain 
their strength levels in case they are balanced.

It is clear that the most important kinds of 
strength training for football are the maximum 
strength and power strength trainings, which can 
be done combined or separately, according to 
team schedules [18].

Some considerations should be taken when 
planning strength program to prevent injuries:

•	 Muscle recovery from a high-load stimulus (e.g., 
match or hard training) takes at least 48 h [17]

•	 Maximum strength program is better applied 
in the end of the training session rather than 
before it, once that strategy will avoid out-
field training with muscular fatigue (see Fig. 
32.5 as an example of strength exercise with 
eccentric phase focus)

•	 1–2 times per week, considering team match 
fixtures [18]

32.4.3	 �Flexibility and Range 
of Motion (ROM)

Flexibility and ROM imbalances detected during 
the preseason screening should be corrected 
either through manual therapy (see Fig. 32.6) or 
therapeutic exercise and then maintained as a 
workout routine.

Besides that, stretching routines might be also 
implemented as a recovery strategy in the day 
after high-load sessions, avoiding stiffness 
complains.

32.4.4	 �Motor Control

Players should have a motor control program in 
order to:

	1.	 Re-educate movement patterns and correct 
motor control imbalance (see “running man” 
exercises in exercise in Fig. 32.7)

	2.	 Improve motor control levels with more chal-
lenging tasks, considering football players’ 
needs in terms of decelerating, side cutting, turn-
ing, landing, shooting, and running “economy.” 

Fig. 32.5  Single-leg Romanian dead lift
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Figure 32.8 show an example of exercise involv-
ing lateral traction and balance exercise

As discussed in Chap. 34, core stability should 
be considered as part of the motor control; how-
ever, when dealing with its improvement, clini-
cians should consider the rule of the 48  h for 
muscle recovery.

�Conclusion

Muscle injury knowledge is one of the most 
important subjects for football professionals to 
be aware once, due to its relatively high inci-
dence and long absence periods, it can have 
detrimental effects on team’s performance.

Epidemiological studies have been helping 
us to better understand the circumstances of 
muscle injury occurrence in order to turn foot-

Fig. 32.8  Low-load lateral traction

Fig. 32.6  Anterior muscle chain stretch

Fig. 32.7  Running man exercise
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ball professionals able to develop better and 
more efficient injury prevention programs. 
Those programs should involve medical, coach-
ing, and sports science staffs in order to collect 
the valuable information of each other regarding 
players’ conditions and demands for training. 
This highlights the importance of a systematic, 
individual, and meticulous screening in order to 
reveal player’s individual injury risk factors.

Injury prevention programs will have better 
results if they target to decrease or eliminate 
muscle injury risk factors of each player, 
rather than being a nonspecific program. 
Training loads should be monitored carefully 
in order to optimize this program.
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The muscle extracellular matrix (ECM) is a 
complex and interconnected structure [1–3] 
where the muscle fibers are embedded. This 
structure is mechanically interconnected [4], so 
the forces generated by actin-myosin interaction 
will be transmitted to the net of connective tis-
sue. This connective tissue net structure and its 
role in force generation and transmission is a key 
factor in muscle injury signs, symptoms, and 
prognosis [5].

Magnetic resonance imaging [6–15] (MRI) 
and ultrasound [16–18] (US) are needed to 
describe with accuracy muscle injuries, espe-
cially the location, size, and tendon involvement. 
Several parameters regarding the size of muscle 
injury and the tendon involvement could be asso-
ciated with the severity of the injury.

When there are no findings on MRI and US, 
another condition must be considered, but recently 
the concept of grade 0 muscle injury has been 
developed [15, 19]. It represents a muscle injury 
which is undetectable with current imaging 
modalities [20, 21]. This injury grade has been 
associated with a quicker return to sport, and, 
therefore, it is of relevance in a grading system.

33.1	 �Previous Classifications

Several grading and classification systems for 
muscle injuries [18, 22–27], for specific muscles 
[28, 29], or group of muscles [30–32], have been 
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published during the last century. New proposals 
have recently been published: one imaging-based 
which introduced injury anatomical description 
(US and MRI) [33], another which is focused on 

the location of the injury and its relation to the 
tendon and fascia [34], and lastly, the third which 
combines clinical signs and imaging [19] (Table 
33.1). In recent years, functional assessment [31] 

Table 33.1  Summary of the muscle classification system

Mechanism of injury (M) Locations of injury (L)

Grading of 
severity 
(G)

Number of muscle 
reinjuries (R)

Hamstrings direct injuries

T (direct) P Injury located in the proximal third of the 
muscle belly

0–3 0  First episode
1  First reinjury
2  �Second reinjury and 

so on
M Injury located in the middle third of the 
muscle belly
D Injury located in the distal third of the 
muscle belly

Hamstrings indirect injuries

I (indirect) plus subindex s 
for stretching type or 
subindex p for sprinting type

P Injury located in the proximal third of the 
muscle belly. The second letter is a subindex p 
or d to describe the injury relation with the 
proximal or distal MTJ, respectively

0–3 0  First episode
1  First reinjury
2  �Second reinjury and 

so on
M Injury located in the middle third of the 
muscle belly, plus the corresponding subindex
D Injury located in the distal third of the 
muscle belly, plus the corresponding subindex

Negative MRI injuries (location is pain related)

N plus subindex s for 
indirect injuries stretching 
type or subindex p for 
sprinting type

N p proximal third injury 0–3 0  First episode
1  First reinjury
2  �Second reinjury and 

so on

N m middle third injury
N d distal third injury

Grading of injury severity

0 When codifying indirect injuries with clinical suspicion but negative MRI, grade 0 
injury is codified. In these cases the second letter describes the pain locations in the 
muscle belly

1 Hyperintense muscle fiber edema without intramuscular hemorrhage or architectural 
distortion (fiber architecture and pennation angle preserved). Edema pattern: 
interstitial hyperintensity with feathery distribution on FSPD or T2 FSE+ STIR 
images

2 Hyperintense muscle fibers and/or peritendon edema with minor muscle fiber 
architectural distortion (fiber blurring and/or pennation angle distortion) ± minor 
intermuscular hemorrhage, but no quantifiable gap between fibers. Edema pattern, 
same as for grade 1

3 Any quantifiable gap between fibers in craniocaudal or axial planes. Hyperintense 
focal defect with partial retraction of muscle fiber ± intermuscular hemorrhage. The 
gap between fibers at the injury’s maximal area in an axial plane of the affected 
muscle belly should be documented. The exact % CSA should be documented as a 
subindex to the grade

r When codifying an intra-tendon injury or an injury affecting the MTJ or 
intramuscular tendon showing disruption/retraction or loss of tension exists (gap), a 
superscript (r) should be added to the grade

MRI magnetic resonance imaging, FSPD fat sat proton density, FSE fast spin echo, STIR short tau inversion recovery, 
CSA cross-sectional area

X. Valle et al.
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and clinical evaluation [19] have also been con-
sidered as prognostic factors [35].

The best classification should be reproducible, 
capable of distinguishing between different cate-
gories, easy to remember, and related to the 
prognosis.

33.2	 �New Proposal “MLG-R”

Our proposal describes the injury based on mech-
anism “M,” location “L,” and its relation with the 
muscle tendon junction (MTJ) and connective 
tissue evaluation, grading by imaging description 
“G,” and, finally, reinjury “R.” This classification 
system is summarized in Tables 33.2, 33.3, and 
33.4. Imaging diagnosis techniques, both MRI 
and US, are essential in correctly describing the 
injury [36]. US is capable of providing a descrip-
tion of the location [37, 38], but the best descrip-

tion will be based on the MRI features of the 
muscle injury [39–41]. This classification has 
been designed for hamstrings because it is the 
most frequently injured muscle group in almost 
all sports worldwide. In the future, another mus-
cles and special situations must be considered. 
The specific muscle that has been injured should 
also be named.

The main goal would be to group the injuries 
by severity and further try to link with different 
management protocols and therapies. An easy, 
useful and reliable classification would allow 
monitoring of each injury with any therapy proto-
col and its progression [42]. With an acronym, 
we offer the possibility of describing the injury, 
the mechanism, the location, and chronological 
evolution. It is easy to use, avoiding confusing 
terminology and allowing communication among 
medical staff; and its flexible structure will per-
mit to incorporate new knowledge in the future.

Table 33.2  Summary of the “MLG-R” classification system (part 1)

Mechanism Location Grade Reinjury

T (direct) p Injury located at the proximal third of the muscle belly
m Injury located at the middle third of the muscle belly
d Injury located at the distal third of the muscle belly

Hamstrings indirect injuries

I plus subindex S for 
Indirect injuries Stretching 
type, or subindex P for 
Sprinting type.

P Injury located at the proximal third of the muscle belly. 
The second letter has a subindex p or d describe the injury 
relation with the proximal or distal MTJ.
M Injury located at the middle third of the muscle belly, 
plus the corresponding subindex.

R0 1st episode
R1 1st reinjury
R2 2nd reinjury
..and so on.

D Injury located at the distal third of the muscle belly, plus 
the corresponding subindex.

See 
below

Rectus Famoris indirect injuries

I Indirect injuries P Injury located at the proximal third of the muscle belly. 
The second letter has a subindex P or D to describe the 
injury relation with the proximal or distal MTJ.
M Injury located at the middle third of the muscle belly, 
plus the corresponding subindex.
D Injury located at the distal third of the muscle belly, plus 
the corresponding subindex.
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Table 33.4  Summary of the “MLG-R” classification system: Indirect injuries codification

Indirect injuries codification

Mechanisme
Location (PAIN 
RELATED) Grade Reinjury

N (Negative MRI injuries)
plus subindex S for Indirect injuries Stretching 
type, or subindex P for Sprinting type.

N p proximal third injury R0 1st episode
N m middle third injury 0 negative MRI R1 1st reinjury
N d distal third injury R2 2nd reinjury

..and so on.

Table 33.3  Summary of the “MLG-R” classification system (part 2)

  • 0	�When codifying indirect injuries with clinical suspicion but negative MRI, we will codify a Grade 0 injury. In 
this cases the second letter will describe the pain locations at the muscle belly.

  • 1	�Hyperintense oedema without intramuscular haemorrhage or architectural distortion (fibres architecture and 
penation angle preserved). Oedema pattern: interstitial hyperintensity with f eathery distribution on FSPD or 
T2 FSE+ STIR images.

  • 2	�Hyperintense oedema with small +/– intramuscular/intermuscular haemorrhage or architectural distortion 
(fibres architecture or penation angle distortion); but no quantifiable gap between fibres. Oedema pattern: 
interstitial hyperintensity plus feathery distribution on FSPD or T2 FSE+ STIR images.

  • 3	�Hyperintense hemorrhage with quantifiable gap between fibres in craniocaudal or axial planes. Interstitial 
hyperintensity with focal hyperintensity representing hemorrhage in muscle belly +/– intramuscular fluid. 
Hyperintense focal defect with partial retraction of muscle fibers. We will record the gap between fibers at the 
injury’s maximal area, in an axial plane of the affected muscle belly.

  •	� When codifying an injury affecting the MTJ or intramuscular tendon showing disruption/retraction or loss of 
tension exist (gap), we have to add a superscript (r) to the grade.

References

	1.	Passerieux E, Rossignol R, Letellier T, Delage 
J. Physical continuity of the perimysium from myofi-
bers to tendons: involvement in lateral force transmis-
sion in skeletal muscle. J Struct Biol. 2007;159:19–28.

	2.	Huijing PA.  Epimuscular myofascial force trans-
mission: a historical review and implications for 
new research. International society of biomechanics 
Muybridge award lecture, Taipei, 2007. J  Biomech. 
2009;42:9–21.

	3.	Stecco C, Gagey O, Macchi V, Porzionato A, De Caro 
R, Aldegheri R, Delmas V. Tendinous muscular inser-
tions onto the deep fascia of the upper limb. First part: 
anatomical study. Morphologie. 2007;91:29–37.

	4.	Gillies AR, Lieber RL.  Structure and function of the 
skeletal muscle extracellular matrix. Muscle Nerve. 
2011;44:318–31.

	5.	Kjær M, Magnusson P, Krogsgaard M, Møller JB, Olesen 
J, Heinemeier K, Hansen M, Haraldsson B, Koskinen S, 
Esmarck B. Extracellular matrix adaptation of tendon and 
skeletal muscle to exercise. J Anat. 2006;208:445–50.

	 6.	Schneider-Kolsky ME, Hoving JL, Warren P, Connell 
DA. A comparison between clinical assessment and 
magnetic resonance imaging of acute hamstring inju-
ries. Am J Sports Med. 2006;34:1008–15.

	 7.	Askling CM, Tengvar M, Saartok T, Thorstensson 
A.  Acute first-time hamstring strains during high-
speed running a longitudinal study including clinical 
and magnetic resonance imaging findings. Am 
J Sports Med. 2007;35:197–206.

	 8.	Askling CM, Tengvar M, Saartok T, Thorstensson 
A.  Proximal hamstring strains of stretching type in 
different sports injury situations, clinical and mag-
netic resonance imaging characteristics, and return to 
sport. Am J Sports Med. 2008;36:1799–804.

	 9.	Slavotinek JP, Verrall GM, Fon GT. Hamstring injury in 
athletes: using MR imaging measurements to compare 
extent of muscle injury with amount of time lost from 
competition. AJR Am J Roentgenol. 2002;179:1621–8.

	10.	Ekstrand J, Healy JC, Waldén M, Lee JC, English B, 
Hägglund M. Hamstring muscle injuries in professional 
football: the correlation of MRI findings with return to 
play. Br J Sports Med. 2012;46:112–7.

X. Valle et al.



379

	11.	Connell DA, Schneider-Kolsky ME, Hoving JL, 
Malara F, Buchbinder R, Koulouris G, Burke F, Bass 
C.  Longitudinal study comparing sonographic and 
MRI assessments of acute and healing hamstring inju-
ries. AJR Am J Roentgenol. 2004;183:975–84.

	12.	Gibbs N, Cross T, Cameron M, Houang M. The accu-
racy of MRI in predicting recovery and recurrence of 
acute grade one hamstring muscle strains within the 
same season in Australian rules football players. J Sci 
Med Sport. 2004;7:248–58.

	13.	Koulouris G, Connell DA, Brukner P, Schneider-
Kolsky M.  Magnetic resonance imaging parameters 
for assessing risk of recurrent hamstring injuries in 
elite athletes. Am J Sports Med. 2007;35:1500–6.

	14.	Cross TM, Gibbs N, Houang MT, Cameron M. Acute 
quadriceps muscle strains magnetic resonance 
imaging features and prognosis. Am J  Sports Med. 
2004;32:710–9.

	15.	Verrall GM, Slavotinek JP, Barnes PG, Fon GT, 
Esterman A. Assessment of physical examination and 
magnetic resonance imaging findings of hamstring 
injury as predictors for recurrent injury. J  Orthop 
Sports Phys Ther. 2006;36:215–24.

	16.	Koulouris G, Connell D. Imaging of hamstring injuries: 
therapeutic implications. Eur Radiol. 2006;16:1478–87.

	17.	Bianchi S, Martinoli C, Waser N, Bianchi-Zamorani 
M, Federici E, Fasel J. Central aponeurosis tears of 
the rectus femoris: sonographic findings. Skeletal 
Radiol. 2002;31:581–6.

	18.	Takebayashi S, Takasawa H, Banzai Y, Miki H, Sasaki 
R, Itoh Y, Matsubara S. Sonographic findings in mus-
cle strain injury: clinical and MR imaging correlation. 
J Ultrasound Med. 1995;14:899–905.

	19.	Mueller-Wohlfahrt H-W, Haensel L, Mithoefer K, 
Ekstrand J, English B, McNally S, Orchard J, van Dijk 
CN, Kerkhoffs GM, Schamasch P. Terminology and clas-
sification of muscle injuries in sport: the Munich consen-
sus statement. Br J Sports Med. 2013;47:342–50.

	20.	Meyer RA, Prior BM.  Functional magnetic reso-
nance imaging of muscle. Exerc Sport Sci Rev. 2000; 
28:89–92.

	21.	Cermak NM, Noseworthy MD, Bourgeois JM, et al. 
Diffusion tensor MRI to assess skeletal muscle dis-
ruption following eccentric exercise. Muscle Nerve. 
2012;46:42–50.

	22.	O’Donoghue DH.  Treatment of injuries to athletes. 
Philadelphia/London: W.B. Saunders; 1962.

	23.	Ryan AJ.  Quadriceps strain, rupture, and Charlie 
horse. Med Sci Sports. 1969;1:106–11.

	24.	Peetrons P.  Ultrasound of muscles. Eur Radiol. 
2002;12:35–43.

	25.	Stoller DW.  Magnetic resonance imaging in ortho-
paedics and sports medicine. 2Bde. San Francisco, 
California, USA: Wolters Kluwer Health; 2007.

	26.	Smart M.  The principles of treatment of muscles 
and joints by graduated muscular contractions. 
Oxford: Oxford University Press, Humphrey Milford, 
[Oxford, Printed by John Johnson]; 1933.

	27.	Ciullo J, Zarins B.  Biomechanics of the musculo-
tendinous unit: relation to athletic performance and 
injury. Clin Sports Med. 1983;2:71.

	28.	ElMaraghy AW, Devereaux MW. A systematic review 
and comprehensive classification of pectoralis major 
tears. J Shoulder Elbow Surg. 2012;21:412–22.

	29.	Connell DA, Potter HG, Sherman MF, Wickiewicz 
TL.  Injuries of the pectoralis major muscle: evalua-
tion with MR imaging. Radiology. 1999;210:785–91.

	30.	Jackson DW, Feagin JA.  Quadriceps contusions 
in young athletes relation of severity of injury to 
treatment and prognosis. J  Bone Joint Surg Am. 
1973;55:95–105.

	31.	Malliaropoulos N, Papacostas E, Kiritsi O, Rad P-M, 
Papalada A, Gougoulias N, Maffulli N.  Posterior 
thigh muscle injuries in elite track and field athletes. 
Am J Sports Med. 2010;38:1813–9.

	32.	Cohen SB, Towers JD, Zoga A, Irrgang JJ, Makda 
J, Deluca PF, Bradley JP. Hamstring injuries in pro-
fessional football players magnetic resonance imag-
ing correlation with return to play. Sports Health. 
2011;3:423–30.

	33.	Chan O, Del Buono A, Best TM, Maffulli N. Acute 
muscle strain injuries: a proposed new classifica-
tion system. Knee Surg Sports Traumatol Arthrosc. 
2012;20:2356–62.

	34.	Pollock N, James SL, Lee JC, Chakraverty R. British 
athletics muscle injury classification: a new grading 
system. Br J Sports Med. 2014;48:1347–51.

	35.	Warren P, Gabbe BJ, Schneider-Kolsky M, Bennell 
KL. Clinical predictors of time to return to competition 
and of recurrence following hamstring strain in elite 
Australian footballers. Br J Sports Med. 2010;44:415–9.

	36.	Woodhouse JB, McNally EG. Ultrasound of skeletal 
muscle injury: an update. In Seminars in ultrasound, 
CT and MRI. Elsevier; 2011. pp 91–100.

	37.	Bianchi S, Martinoli C. Ultrasound of the musculo-
skeletal system. Berlin: Springer; 2007.

	38.	Stoller DW.  Magnetic resonance imaging in ortho-
paedics and sports medicine. Philadelphia: Lippincott 
Williams & Wilkins; 2007. p. 1112.

	39.	Slavotinek JP. Muscle injury: the role of imaging in 
prognostic assignment and monitoring of muscle 
repair. Semin Musculoskelet Radiol 2010;14(2): 
194–200. DOI: 10.1055/s-0030-1253160.

	40.	Verrall G, Slavotinek J, Barnes P, Fon G, Spriggins 
A. Clinical risk factors for hamstring muscle strain injury: 
a prospective study with correlation of injury by magnetic 
resonance imaging. Br J Sports Med. 2001;35:435–9.

	41.	Comin J, Malliaras P, Baquie P, Barbour T, Connell 
D.  Return to competitive play after hamstring inju-
ries involving disruption of the central tendon. Am 
J Sports Med. 2013;41:111–5.

	42.	Tol JL, Hamilton B, Best TM.  Palpating muscles, 
massaging the evidence? An editorial relating to 
‘Terminology and classification of muscle injuries in 
sport: the Munich consensus statement’. Br J Sports 
Med. 2013;47:340–1.

33  Muscle Injury Classification

http://dx.doi.org/10.1055/s-0030-1253160


381© ISAKOS 2017 
J. Espregueira-Mendes et al. (eds.), Injuries and Health Problems in Football, 
DOI 10.1007/978-3-662-53924-8_34

Diagnosis and Management 
of Muscle Injuries

Ricard Pruna and Matilda Lundblad

Contents

34.1	 �Imaging of Muscle Injury �   382
34.1.1	� Routine MRI Protocol �   383

34.2	 �Initial Management of a Suspected 
Muscle Injury �   383

34.2.1	� Management of a Muscle Injury �   383

Conclusion �   385

�References �   385

As a result of the frequency of muscle injuries, 
many are treated clinically in the absence of con-
firmatory imaging. However, the clinical appear-
ance is not always clear, and determining the 
optimal treatment for an injury can be difficult. 
Imaging can help to confirm both the presence 
and extent of muscle injury, and the typical 
modalities used include magnetic resonance 
imaging (MRI) and ultrasound (US) [1].

The clinical appearance of a skeletal muscle 
injury depends on the severity of the injury and, 
in part, on the nature of the resulting haematoma 
[2]. Detailed history of the injury mechanism and 
preceding history in combination with careful 
examination are essential in making a correct 
diagnosis. A critical goal of the history and exam-
ination is to differentiate between those players 
with injuries possibly requiring surgical treat-
ment and those players with non-surgical 
injuries.
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An appropriate history should incorporate the 
following components:

Regarding the general player history:

�Has the player suffered similar injuries before?
(Some muscle injuries have a high reinjury rate, 
players may report a previous injury, often near the 
current place of injury [3])
�Is he/she susceptible to injuries?
�Is the player using any medications?

Regarding the mechanism of injury:

�What was the trauma mechanism?
(A direct blow to the muscle or an indirect 
mechanism)
�During work, training or competition?
�When did it start?
Date and relationship with the sports session 
(beginning, middle or the end of the session)
�How did it start (Suddenly, gradually, progressively)
�Any audible pop or snapping sensation with the onset 
of pain [4]

Regarding the initial progress:

�Was the player able to continue or was he forced to 
stop?
�How was the player treated following the immediate 
injury?
�How has the pain progressed over time?

Physical examination involves the inspection 
and palpation of the injured area, as well as testing 
the function of the injured muscles both with and 
without external resistance. A bilateral comparison 
should always be performed. The physical exami-
nation is performed to determine the location (mus-
cle, tendon or fascia) and the injury severity.

For injuries involving the intramuscular ten-
don, a ‘battery’ of tests which incorporate mea-
sures of function, strength and range of motion 
may provide an acceptable estimate of rehabilita-
tion duration [5]. Specifically, a past history of 
hamstring strain and being unable to walk at a 
normal pain-free pace [6].

For injuries to the proximal free tendon, the 
amount of impairment identified from these tests 
is not predictive of the recovery time needed to 
return to pre-injury level [7]. We recommend that 
specific measures be used during the examination 
of all acute muscle injuries, at the very least to 
serve as a baseline from which progress can be 
assessed.

Muscle examination should include:

Inspection Looking for ecchymosis or deformities 
on the muscle belly profile

Palpation Useful for identifying the specific region/
muscle injured through pain provocation, 
as well as the presence or absence of a 
palpable defect in the musculotendinous 
junction

Strength 
assessment

Through manual resistance applied 
distally to the injury site. Due to the 
changes in musculotendon length that 
occur with joint positions, multiple test 
positions are used to assess isometric 
strength and pain provocation. It is 
important to note that pain provocation 
with this assessment is as relevant as 
noting weakness

Range of 
motion

Tests should consider joints at either end 
of the injury site. For hamstring injuries, 
passive straight leg raise (hip) and active 
and passive knee extension test (knee) 
(AKET, PKET) are commonly used to 
estimate hamstring flexibility and 
maximum length [8]. Pain and 
discomfort during testing are key 
considerations when performing and 
evaluating these tests

Muscle 
length

The extent of joint motion available 
should be based on the onset of 
discomfort or stiffness reported by the 
player. In the acutely injured athlete, 
tests are often limited by pain and may 
not provide a valid assessment of 
musculotendon extensibility

Pain 
provocation 
manoeuvres

It has been suggested that players with a 
biceps injury would feel more pain 
during stretching than contraction (on 
VAS), while those injured in SM or ST 
will have more pain during contraction 
than stretching

VAS visual analogue scale; SM semimembranosus; ST 
semitendinosus

34.1	 �Imaging of Muscle Injury

Unless an avulsion fracture with bony fragment or 
apophyseal fracture in a skeletally immature indi-
vidual is suspected, the value of plain radiographs 
is limited [9]. On the other hand, MRI and US are 
able to describe the location (which muscle and 
tissue), the injury size and the lesion nature 
(oedema, haemorrhage) as depicted by echotex-
ture and signal intensity, respectively [10].
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Both imaging modalities are useful in identify-
ing muscle injuries when oedema and haemor-
rhage are present [11]. As a result of its 
cost-effectiveness, US has been traditionally the 
imaging system of choice for clinical diagnosis of 
muscle injuries. However, it has the disadvantage 
of being radiologist’s experience dependent.

US is a dynamic and interactive examination, 
allowing ‘echopalpation’ of painful areas which 
complements the clinical examination. US also 
enables the monitoring of progress and can guide 
the evacuation of fluid collections, as such it is of 
great help in topographic diagnosis. However, MRI 
is considered superior for evaluating injuries to 
deep portions of muscles [12], or, when a previous 
injury is present as residual scarring, it could be 
misinterpreted in an US image as an acute injury.

Due to its increased sensitivity in highlighting 
subtle oedema, measuring the size of injury 
(length and cross-sectional area) is probably 
more accurate with MRI.

MRI is believed by some doctors to be useful 
in prognosticating return to play (RTP) with 
MRI grading associated with lay-off times after 
injury [13].

On the other hand, some studies concluded 
that there is currently no strong evidence for any 
MRI variable to predict the time to RTP after an 
acute hamstring injury due to considerable risks 
of bias in the studies [14].

Hamstring muscle injuries are the very well 
documented in the literature, and MRI provides 
very specific anatomical and pathological infor-
mation. MRI can sensitively evaluate the relative 
involvement of tendons, fascia and muscle con-
tractile tissue [15]. MRI has demonstrated to be 
more accurate than US in the evaluation of proxi-
mal hamstring injuries, and it can assess the 
degree of tendon retraction, which has proved to 
be an important element of preoperative planning 
in proximal hamstring ruptures or avulsions [16]. 
Whereas MRI correctly identified all avulsion 
cases, US identified only 58% of hamstring avul-
sions despite the examination being performed 
by experienced musculoskeletal operators [17].

In distal hamstring injuries, US could better 
detect injuries as a result of the more superficial 
anatomy of the distal hamstring tendons [10]. 

With injuries near the groin area or close to the 
myotendinous junction, MRI has also demon-
strated its superiority over US [11].

The limited availability and high costs of MRI 
may restrict the use of this modality for routine 
assessment of injuries among junior and amateur 
athletes. Schneider-Kolsky et  al. showed that 
MRI was not required for estimating the duration 
of rehabilitation for an acute minor hamstring 
injury in professional football players. However, 
a positive MRI result appeared useful as a predic-
tor of duration of rehabilitation in severe ham-
string injuries and also that MRI was helpful in 
the planning of surgical interventions [5].

34.1.1	 �Routine MRI Protocol

As an absolute minimum, each MRI examination 
should generally include at least two orthogonal 
planes and pulse sequences. In addition to the 
requisite axial plane, the long-axis plane is gener-
ally sagittal (when evaluating abnormalities at 
the anterior or posterior aspect of an extremity) 
or coronal (when evaluating abnormalities at the 
medial or lateral aspect of an extremity). At least 
one of these pulse sequences should use a fat-
suppression technique [18].

34.2	 �Initial Management 
of a Suspected Muscle Injury

In Table 34.1, the most appropriate timing for 
carrying out complementary investigations is 
highlighted. Real utilization will depend on the 
physician and athlete preference, funding and the 
availability of resources.

34.2.1	 �Management of a Muscle 
Injury

(*) For follow-up of the functional recovery and 
sometimes to help to decide return to play:

•	 At muscle: Tensiomyography, electromyogra-
phy and strength tests

34  Diagnosis and Management of Muscle Injuries
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•	 At player: GPS, HR and self-administered 
scales during and after the rehabilitation ses-
sions on field

Immediately  Once injury is suspected through 
observation of the injury occurring, questioning 
of the player about their general history regarding 
the mechanism of injury, and the initial progress 
(see above.) A structured physical examination 
based on inspection, palpation, strength assess-
ment, range of motion and post-injury muscle 
length without pain or stiffness (see above). When 
the injury is not obvious or significant ‘strain’ 
early detailed diagnosis may not be easy. It is 
important and necessary to observe the injury for 
several hours to note its progression as well as 
carrying out the appropriate complementary tests.

12 Hours  An ultrasound study at this early stage 
does not allow for an accurate diagnosis of minor 
muscular injuries, but may detect the more severe 
grade II injuries.

24 Hours  Most specialists in MRI agree that 
this is the most appropriate time to establish a 

clear diagnosis and prognosis. It is important 
that the personnel who interpret the MRI have 
experience in this type of injury. It has been sug-
gested that after an injury of the proximal mus-
culotendinous junction of the biceps femoris 
muscle, the following parameters are prognostic 
for the return to competition and the risk of rein-
jury [19]:

•	 Total length of the injury
•	 Distance between the ischiatic tuberosity and 

the proximal ending of the injury
•	 Cross-sectional area of affected muscle [20]

48 Hours  This has been determined to be the 
optimum time to establish an accurate diagnosis 
and prognosis when using US alone.

Tensiomyography evaluates the involuntary 
contractibility of the muscle belly, and it is influ-
enced by the viscoelastic properties of the muscle. 
While there is little scientific evidence for this 
methodology, further research should support a role 
for it in monitoring the functional recovery with US 
and strength test [21].

Table 34.1  Summary of methodology diagnosing muscle injuries and timing

Timing Clinical history Physical 
exam

US MRI Treatment

Initial acute 
phase

Immediate X X Could be made 
anytime

Rest
Ice
Compression
Elevation
Analgesia

12 h X X
24 h X X
48 h X X

Functional tests (*)
Subacute and 
functional 
phase

First week Monitoring 
players’ feelings

X x To evaluate how the 
progression of loads 
are assumed

Rehabilitation
Progressive protocolWeekly X X

Return to play X X
Timing Clinical history Physical 

exam
US MRI Treatment

Initial acute 
phase

Immediate X X Could be made 
anytime

Rest
Ice
Compression
Elevation
Analgesia

12 h X X
24 h X X
48 h X X

Functional tests (*)
Subacute and 
functional 
phase

First week Monitoring 
players feelings

X x To evaluate how the 
progression of loads 
are assumed

Rehabilitation
Progressive protocolWeekly X X

Return to play X X

The significance of * means functional tests according each professional, but we propose GPS technology to assess all 
of them.
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Conclusion

When a typical history of muscle contusion or 
muscle strain is followed by local pain, swell-
ing and/or distal ecchymosis, the diagnosis of 
a muscle injury may be apparent. The grade of 
injury and which muscle is injured, particu-
larly if the athlete is unable to walk at a nor-
mal pace pain-free within 24 h of injury, may 
all be relatively straightforward. On the other 
hand, haematomas that are small in size and 
those injuries deep within the muscle belly 
can be more difficult to diagnose clinically, 
but the imaging modalities (ultrasonography 
and MRI) provide useful means to delineate 
injury details.

MRI can accurately confirm or exclude a 
muscle injury and is able to provide a very 
detailed characterization of the lesion, even 
with the risk of being considered somewhat 
oversensitive at times. The clinical diagnosis of 
muscle injury is sufficient in most cases, but US 
can be considered a valid first-line tool if a more 
exact characterization of the injury is desired. 
MRI might be of value when there is a clear dis-
crepancy between the clinical symptoms, the 
physician’s findings, and/or the US finding.
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35.1	 �Initial Management 
and Decision-Making 
on Muscle Injuries

When a typical history of muscle contusion or 
muscle strain is followed by local pain, swelling 
and/or distal ecchymosis, the diagnosis of a mus-
cle injury may be apparent. The grade of injury 
and what muscle is injured, particularly if the 
athlete is unable to walk at a normal pace pain-
free within 24 h of injury, may all be relatively 
straight forward. On the other hand, hematomas 
that are small in size and those injuries deep 
within the muscle belly can be more difficult to 
diagnose clinically, but the imaging modalities 
(ultrasonography and magnetic ressonance imag-
ing (MRI)) provide useful means to delineate 
injury details [1].

MRI can accurately confirm or exclude a mus-
cle injury, and is able to provide a very detailed 
characterisation of the lesion, even with the risk 
of being considered somewhat oversensitive at 
times. The clinical diagnosis of muscle injury is 
sufficient in most cases, but US can be consid-
ered a valid first-line tool if a more exact charac-
terisation of the injury is desired. MRI might be 
of value when there is a clear discrepancy 
between the clinical symptoms, the physician’s 
findings and/or the US finding [2].

The most appropriate timing for carrying out 
complementary investigations is highlighted in 
Table 35.1. Real utilisation will depend on the 
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physician and athlete preferences, funding and 
the availability of resources. Immediately, once 
injury is suspected through observation of the 
injury occurring, questioning of the player 
regarding the mechanism of injury, and the initial 
progress, a structured physical examination based 
on inspection, palpation, strength assessment, 
range of motion and post-injury muscle length 
without pain or stiffness. When the injury is not 
an obvious or significant ‘strain’, early detailed 
diagnosis may not be easy. It is important and 
necessary to observe the injury for several hours 
to note its progression as well as carrying out the 
appropriate complementary tests.

An ultrasound study 12 h after the injury does 
not allow for an accurate diagnosis of minor mus-
cular injuries but may detect the more severe 
grade II injuries. Twenty-four hours after could be 
the most appropriate time to establish a clear 
diagnosis and prognosis. For instance, in an injury 
of the proximal musculotendinous junction of the 
biceps femoris muscle, the following parameters 
are prognostic for the return to competition and 
the risk of reinjury [3]: total length of the injury, 
distance between the ischiatic tuberosity and the 
proximal ending of the injury, the cross-sectional 
area of affected muscle [4]. The optimum time to 
establish an accurate diagnosis and prognosis 
when using US alone is 48 h after. Immediately 
after the injury, compression, ice and non-painful 
movements are encouraged. As soon as a normal 
gait (pain-free) and a normal posture are achieved, 
the rehabilitation protocol has to be started [5].

Tensiomyography evaluates the involuntary 
contractibility of the muscle belly, and it is 

influenced by the viscoelastic properties of the 
muscle. While there is little scientific evidence 
for this methodology, further research should 
support a role for it in monitoring the functional 
recovery with US and strength test [6].

35.2	 �Rehabilitation Programmes

Rehabilitation protocols designed for muscle 
injuries should be built on the scientific knowl-
edge about the injury and the therapeutic options 
we have to treat them. The knowledge about mus-
cle injuries would include muscle injury biology; 
muscle group anatomy, structure, histology and 
function; types and mechanisms of injury; injury 
risk factors; reinjury risk factors; etc. The biology 
of healing a muscle injury is a reparative process 
[7] with the formation of a scar [8]. The healing 
process of a skeletal muscle injury is divided into 
three phases: destruction, repair and remodelling, 
ending with a new myotendinous junction (MTJ) 
between the repaired myofibers [9, 10]. The opti-
mal healing process is characterised by stimulat-
ing regeneration and minimising reparation, so 
the smallest scar possible.

There is no clear evidence regarding the use of 
medications [11], cooling [12] or platelet-rich 
plasma [13] with limited impact on return to play 
(RTP) or reinjury statistics. Several protocols 
have been published to treat hamstring muscle 
injuries (HMIs) using stretching exercises [14], 
balance [15], eccentric exercises [16, 17] and dif-
ferent combinations [18–20]. Although the aetiol-
ogy of HMIs is multifactorial, most rehabilitation 

Table 35.1  Management of a muscle injury from muscle injury clinical guidelines FCB-Aspetar Jan 2015

Clinical history
Physical 
exam US MRI Treatment

Initial acute 
phase

Immediate X X Could be made 
anytime

Rest
Ice
Compression
Elevation
Analgesia

12 h X X
24 h X X
48 h X X

Functional tests
Subacute and 
functional 
phase

First week Monitorise 
players’ feelings

X X To evaluate how 
the progression 
of loads are 
assumed

Rehabilitation 
progressive protocolWeekly X X

Return to play X X

L. Til et al.
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programmes focus on just one or two factors [21]. 
Our purpose is to design and develop a criteria-
based rehabilitation programme with clear objec-
tive progression criterion for each phase and 
RTP. The main of knowledge about muscle inju-
ries has been reached about hamstring and rectus 
femoris injuries, so the process for a rehabilitation 
protocol for HMIs has been described (Fig. 35.1).

Many exercises to achieve a global approach 
to the injury have been used, with the aim of cor-
recting and reducing the biomechanical disor-
ders, which influence the progression of injury 
[22, 23]. We will include exercises or programmes 
showing effectiveness as treatments for HMIs or 
reducing the risk of injury to lower extremities 

such as proprioception or neuromuscular exer-
cises [24]. To design an exercise standard offers 
the option of adapting the protocol to the patient’s 
physical condition, sport or the available equip-
ment. Exercises will progress from single, basic, 
low demanding to more complex and combined, 
until accomplished exercises reproduce sport 
movements.

The design of exercises will be completed 
keeping in mind hamstring anatomy and func-
tion, injury mechanism, etc. in order to target the 
muscle and location we need to treat [25, 26]. It 
is also important to design the exercises focusing 
not only on contraction type and load; ROM, uni-
bilateral exercises in open-closed kinetic chain, 
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Fig. 35.1  Rehabilitation protocol for HMIs
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hip- or knee-dominant and multi-joint movement 
exercise and length of the movement need to be 
taken into account [27, 28] (Fig. 35.2).

The concept of elongation stress on ham-
strings (ESH) has recently been introduced and 
aims to assess hamstring elongation. This is 
achieved by subtracting the knee flexion angle 
from the hip flexion angle [29]. The more posi-
tive the ESH is, the more stress on hamstrings 
and the opposite. Therefore, we can use the ESH 
as a criterion to objectively monitor hamstring 
stretch progression during.

About the strength, the load for an exercise is 
a key point in a training programme, and as mus-
cle injury rehabilitation is a training programme, 
if loads are not appropriated correctly, we will 
not be able to achieve our goals. Hamstrings’ 
peak torque (PT) angle shifts to longer muscle 
length after eccentric training, and as more elon-
gate is the muscle during eccentric work, the 
higher is the shift in the PT angle [30]. This shift 

in hamstrings’ PT angle has been also reported 
after concentric exercises, but only when per-
formed at long lengths [31]. Eccentric lengthen-
ing exercises have shown good results in HMIs 
rehabilitation; we purpose to perform all strength 
exercises at longer length possible in order to 
correct PT angle during the whole rehabilitation 
process. About the quantification and progres-
sion of strength exercises, isometric, concentric 
and eccentric exercises will overlap during the 
protocol, with part of the strength work per-
formed at long lengths [32, 33] (Table 35.2).

As RTP decisions should be taken based on 
specific criteria including assessment tests to 
confirm recovery, we applied this concept to the 
whole rehabilitation protocol.

When all functional phase criteria are 
achieved, strength, flexibility, fitness and core 
stability will be normalised, but this does not 
mean that the athlete’s performance is also recov-
ered. Based on our experience with elite athletes, 
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Fig. 35.2  Representation of the typical design of exercises.
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we recommend that the athlete has to accomplish 
a normal week training of at least four sessions 
without pain, discomfort or ‘fear’ [34]. During 
this week, performance can be monitored for 
normality by GPS and heart rate data; this perfor-

mance control should be extended to competi-
tions after RTP. Obviously, before starting normal 
training, there will be a progression in exercise 
demands, physically and technically, to go from 
individual to team training (Table 35.3).

Table 35.2  Exercise design criteria from muscle injury clinical guidelines FCB-Asper Jan 2015

Acute phase Subacute phase Functional phase

Proprioception Static movement and progress to 
low unstable dynamic
Light instability exercises (soft mat)
Knee flexion 0–30°

Moderate reactive 
movement
Increase instability (bosu, 
balance board, etc.)
Knee flexion 45°

Intense reactive 
movement
Unstable surface
Knee flexion 90°

Core Static exercises on stable surface Dynamic exercises from 
stable surface and progress 
to one unstable point

Dynamic exercises on 
two unstable points
Standing exercises 
reproducing functional 
movements

Flexibility and ROM Stretch with ESH <45  
avoiding pain

Stretch with ESH <70° 
avoiding pain

No limit

Strength and power Isolated knee flexion or hip 
extension exercises and progressing 
to combined exercises
Closed kinetic chain exercises  
(first bipodal, second unipodal)
Starting with isometric and 
progressing to concentric and finally 
to eccentric exercises (progressing 
in muscle length, without pain or 
discomfort)

In ESH progress in 
analytic movements, 
length, velocity and load 
to the maximum effort
Open kinetic chain 
exercises
Increase combined 
movement demands

No limit
Progress in length, join 
velocity, load and 
complexity
Horizontal strength 
application exercises

Neuromuscular  
and fitness

Start on pool and soft surfaces  
(to reduce eccentric contraction)
Walking on the treadmill and 
progress to Vmax 8 km/h,  
5 % slope

Start on soft surface and 
progress to hard
Run on the treadmill and 
progress to 70 % of his 
maximal speed, 3 % slope

Hard surface
Progress to his maximal 
speed, flat and negative 
slope

Table 35.3  Goal and test to progress in treatment of HMIs from muscle injury clinical guidelines FCB-Aspetar Jan 2015

Acute phase Subacute phase Functional phase

Pain and posture No pain and maintain neutral 
spine position during exercises

No pain and no tilting pelvis 
and spine position during 
exercises

Strength Isometric knee flexion 50 % of 
previous data or uninjured leg
Isometric hip extension 50 % 
of previous data or uninjured 
leg

Isometric knee flexion 90 % of 
previous data or uninjured leg
Isometric hip extension 90 % of 
previous data or uninjured leg

Isometric knee flexion no 
asymmetry
Isometric hip extension no 
asymmetry

ROM Full knee and hip isolated 
tested ROM

Less than 10 % asymmetry in 
AKET testa

Less than 10 % asymmetry  
in active hip flexion test

No asymmetry in AKET testa

No asymmetry in active hip 
flexion test

Specific exercises Deep squat test
Single leg squat
Runner pose test
In-line lunge test

aAKET (active knee-extension test [14])
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36.1	 �Introduction

Operative treatment is seldom considered in the 
treatment of muscle injuries, including hamstring 
strains, and the phrase “muscle injuries heal 
without intervention” could be used as a guiding 
principle [14, 28].

However, there are certain highly specific indica-
tions in which surgical intervention might actually 
be beneficial for severe muscle injuries, even in the 
absence of an evidence-based treatment protocol.

These indications include an athlete with a 
complete (grade III) rupture of a muscle with few 
or no agonist muscles, a tear (grade II) if more 
than half of the muscle is torn, or a large intra-
muscular hematoma [1, 17].

Many authors claim that surgery has no place 
due to the lack of firm evidence, while some sur-
geons believe surgical treatments with postopera-
tive rehabilitation protocols should be considered 
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Table 36.1  Authors’ recommended surgical treatment algorithm for muscle injuries

Type of Injury
Muscle

Quadriceps

Quadriceps

Quadriceps
&

Hamstrings

Muscle injuries at the
myotendinous junction, when
the main tendon is evolved at
less than 7cm from bone origin,
with loss of tension of the rest
of the tendon

Proximal

Distal

Proximal

Patellar  avulsion

Ischial tuberosity

All (rare)

< 2 cm from bone
insertion

2 – 7 cm from
bone insertion 

Surgical treatment:
Anatomical Repair with
minimally invasive approach

Reattachment to the bone
and Iiberate tension at MTJ

Surgical reattachment must
be considered

Gap < 2cm conservative
Larger gaps : surgical

Surgical : (except non
displaced)

ASIS or AIIS

Distal All (rare)
Surgical reattachment must
be considered

Conservative,
if there are persisting
symptoms after 4 m: surgical
reattachment must be
considered

Biceps Femoris
Long Head and/or
Semitendinosus
(Common
tendon)

Conservative : unless > 2cm

Not included in this project by different approaches between FCB group
(this injury is a progression of groin pain could be treated with tenotomy)
and Turku group (the acute injuries could  be treated with surgical
reattachment)

Distal

Adductors

Hamstrings

Hamstrings

Proximal

Semimembranosus

Tendon bone
detachment
desinserctions

Bine avulsions

Rectus
Femoris
Proximal

Direct head Surgical reattachment

Small gap conservative
Large gap surgical

Surgical

Surgical

Indirect head

Direct  + Indirect

Part of
Muscle

Tendon Treatment

Muscle Injuries Clinical Guide 3.0 FC Barcelona, January 2015

if a patient complains of chronic pain (more 
4–6  months) in a previously injured muscle, 
especially if the pain is accompanied by a clear 
extension deficit [13].

In these chronic cases, scar tissue formation 
and adhesions restricting the movement should 
be suspected, and surgical release of adhesions 
can be considered (Table 36.1).
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36.2	 �Proximal Hamstring Injuries

The incidence of hamstring muscle injuries has 
been estimated to be 3.0–4.1 hamstring strains per 
1000 h of match play and 0.4–0.5 per 1000 h of 
training [2]. The prevalence of complete proximal 
hamstring ruptures has been estimated to be 9% of 
all by MRI-evaluated hamstring injuries [3].

Most authors advocate that only in the pres-
ence of a complete rupture of the proximal 
attachment of the musculotendinous complex 
(Fig. 36.1) should surgical repair be considered 
[27]. More assertive recommendations have 
recently been made [8] suggesting that a pure 
isolated biceps femoris and semitendinosus 
conjoint tendon avulsion should be repaired in 
active patients.

Nowadays with elite athletes, according to the 
common guidelines, acute complete proximal 
hamstring avulsions/ruptures with loss of func-
tion (grade III) should be operated on as soon as 
posible. In cases where only one of them is torn, 
the controversy persists. Cohen and Bradley [5] 
suggested surgical treatment when two out of 

three hamstring tendons are ruptured at the ischial 
tuberosity. For athletes, more aggressive recom-
mendations with reattachment of isolated tendon 
avulsions (BF/ST/SM) can be found [21].

In partial proximal hamstring tears, surgical 
treatment should be considered since in most of 
these cases, excellent or good results can be 
expected after surgical repair [19] (Fig. 36.2).

36.3	 �Proximal Hamstring 
Avulsion Fracture

In adolescents, apophyseal avulsions at sites of 
proximal hamstring muscle insertions are occa-
sionally seen [30]. Operative treatment has been 
recommended if the displacement of the avulsed 
fragment is 2 cm or more [16, 32]. Suggested even 
more is active operative treatment, and recom-
mended is early surgical fixation if the fracture 
displacement is more than 1 cm [10]. Dissection 
was carried down to the gluteal fascia, with care to 
avoid the posterior femoral cutaneous nerve, 

Fig. 36.1  Magnetic 
resonance image showing 
T2-weighted coronal and 
sagittal views, a complete 
rupture of the proximal 
attachment of the 
hamstring musculo
tendinous complex

36  Surgical Treatment of Muscle Injuries
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which crosses the hamstring from lateral-proximal 
to medial- distal and can cause hypoesthesia to the 
posterior thigh when damaged.

36.4	 �Central Tendon Hamstring 
Injuries

Hamstring injuries that disrupt the central ten-
don enclosed within the muscle belly require a 
longer recovery time than those injuries involv-
ing only muscle, epimysial fascia, or the mus-
culotendinous junction. When injury involves 
the enclosed central portion of the tendon  
(Fig. 36.3), the distinction between injury to the 
hamstring muscle and injury to the hamstring 
tendon is underappreciated as being a distinct 
entity. Central tendon disruption was identified 
in 45% of the biceps femoris injuries and in none 
of the injuries to the other two muscles [6].

The long time in recovering and a high rein-
jury rate, the surgical treatment, in our opinion, 
should be considered, giving tension to the ten-
don amb reinforcement with anchors in ischial 

tuberosity. Other authors [33], prior to surgery, 
use ultrasound transducer placed at the muscle-
tendon junction to locate the injury site and 
metallic anchor loaded with a metallic wire 
placed in the identified lesion site. Excision of 
the scar tissue, including the torn portion of the 
tendon, was then performed and tension-free 
suturing of the belly remnant of the biceps femo-
ris to the adjacent semitendinosus.

Due to the low incidence of proximal ham-
string avulsions, most published reports are 
retrospective case studies with limited num-
bers of patients. Technical notes on endoscopi-
cal repair have recently been published [7]. 
These less invasive techniques could have 
some advantages with minimal disruption of 
normal anatomy and improved visualization 
with possible decreased neurovascular compli-
cations and decreased bleeding, but it involves 
some technical challenges of passing and shut-
tling the suture for repair and increased opera-
tive time. This arthroscopic repair would be 
done to avoid scarring and ischiofemoral 
impingement on the nerve.

Fig. 36.2  Surgical 
reattachment with three 
anchors in ischial 
tuberosity

J. Puigdellívol et al.
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36.5	 �Distal Hamstring Injuries

Distal hamstring injuries are rare and usually 
associated with severe traumas to the knee joint 
or with other traumatic musculotendinous inju-
ries around the knee [4, 18]. However, isolated 
distal hamstring tendon avulsions have also been 
described [24, 31, 35], and operative treatment 
for these has been recommended (Fig. 36.4).

36.6	 �Rectus Femoris Injury

Muscle strains, including grade III avulsion 
injuries, are often treated nonoperatively [25]. 
The surgical treatment of a complete tendon 
avulsion in professional players allow an ana-
tomic repair and return to full activities follow-
ing rehabilitation.

Proximal avulsions of the rectus femoris mus-
cle at the anterior inferior iliac spine (AIIS) are 
uncommon. They have been described in adoles-
cent and young individuals, as well as in sports 
such as sprinting and kicking the ball.

The footprint may have anatomical variations. 
More common are the acute total avulsion tears 
(Fig. 36.5) [11, 12]. The mechanical strength of 
suture anchors has been found to be equal to fixa-
tion through bone tunnels [22]. Ten proximal rec-
tus femoris tears [9] have been reported and treated 
surgically (Fig. 36.6) in professional football play-
ers. The author’s method is reattached to the direct 
head and secured with bone suture anchors.

Although these proximal ruptures are well 
described, we have found only one report of a 
complete rupture of the direct head of the rectus 
femoris muscle at the musculotendinous junction 
[34] (Fig. 36.7).

Fig. 36.3  MRI musculotendinous biceps femoris grade 
2 injury, showing the disruption and loss of tension in 
the central tendon. Intraoperative view. CmT common 

tendon, CT central tendon, ST semitendinosus, BF biceps 
femoris, C cavity

36  Surgical Treatment of Muscle Injuries
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Fig. 36.4  MRI of distal hamstring injury (white arrow). Intraoperative views of semitendinosus distal rupture sutured 
to the adjacent semimembranosus distal tendon, in professional football player

J. Puigdellívol et al.
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Fig. 36.5  MRI views of proximal rectus femoris avulsion

Fig. 36.6  Intraoperative views, reattachment in AIIS of the direct head of his rectus femoris with two anchors

Fig. 36.7  Coronal MRI T2-weighted image. Intraoperative view of rectus femoris tendon secured with No. 2 FiberWire 
(Arthrex Inc., Naples, Florida), in professional football player

36  Surgical Treatment of Muscle Injuries
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36.7	 �Chronic Injuries

Surgery should be considered if the symptoms 
(pain, weakness, and loss of function) persist lon-
ger than 6 months, which is the time expected for 
healing.

It has been shown that an athlete is unlikely to 
return to the previous level of sporting activity 
after complete proximal hamstring rupture unless 
treated surgically. On the other hand, no differ-
ences between early and late repairs have been 
identified with regard to functional outcome or 
return to sport. In elite athletes, early surgical 
refixation of complete proximal hamstring rup-
tures is recommended.

The surgical procedure may include exci-
sion of adhesions, fasciectomies, and tendon 
bone reattachments. Occasionally retracted 
muscles can be reattached to the bone by using 
a tension-free autograft augmentation reattach-
ment with fascia lata autograft [20] or Achilles 
allograft [26].

It has been shown that an athlete is unlikely to 
return to the previous level of sporting activity 
after complete proximal hamstring rupture unless 
treated surgically. On the other hand, no differ-
ences between early and late repairs have been 
identified with regard to functional outcome or 
return to sport [15]. The ischial nerve should be 
freed from adhesions.

Tendinopathy is a clinical condition character-
ized by activity-related pain and impaired perfor-
mance, focal tendon tenderness and swelling, and 
intratendinous imaging changes [23].

Proximal hamstring tendinopathy may be 
resistant to conservative treatment. In such cases, 
surgery seems to be a good option, and satisfac-
tory results can often be expected [29].

Heterotopic calcification could be an expres-
sion of chronic tendinopathy. Calcification of the 
proximal rectus femoris tendon has also been 
described, although rarely, following avulsion 
(with or without bony fragment) or tendon rup-
ture (partial or complete) of the rectus femoris 
origin in young people, especially in kicking ath-
letes and in football players.

A similar condition has been described after 
an avulsion of the AIIS. The healing process 

could lead to an extra bony mass extending infe-
riorly and resulting in a prominent AIIS that 
eventually will impinge on the femoral neck 
when the hip is flexed over 90  This has been 
referred to as iliac spine impingement, AIIS 
impingement, or subspine impingement.

Calcification of the rectus femoris tendon has 
been traditionally addressed by local injection 
of anesthetic and corticosteroids or by open 
excision of the lesion through an anterior 
(Smith-Petersen) approach. Hip arthroscopy has 
been proposed, with satisfactory outcomes, as a 
less invasive surgical alternative for both condi-
tions [36].

Symptomatic chronic myofascial injuries in 
rectus femoris distal, gastrocnemius, and soleus 
can be affected that could be treated by excision 
of scar tissue.

36.8	 �Postoperative Rehabilitation

Postoperative hamstring surgery rehabilitation is 
guided by the diagnosis, the surgical procedure, 
and the patient’s progress. We recommend an 
elastic bandage for 1–2  weeks postoperatively 
without immobilization, casts, or orthoses.

During the first 2–4  weeks, light touch 
weight-bearing is allowed with gradual progres-
sion to full weight-bearing at the end of six 
weeks. After 3–4  weeks, light pool training 
including swimming is allowed, and after 
4–6  weeks, cycling is allowed. The range of 
motion exercises start during this phase, but 
stretching exercises of the hamstrings should be 
avoided during the first 4 weeks. Progressing to 
running and more active muscle training is 
advised 2–4 months after the operation depend-
ing on the patient’s progress.

In rectus femoris surgery, passive range of 
motion was initiated for the patient’s hip for 
4 weeks, with weight-bearing (as tolerated) in 
a knee brace locked in extension. Eccentric 
exercises were allowed 6 weeks after surgery, 
jogging and running 8  weeks after surgery 
and  was cleared for full sport activity within 
3–4 months.

J. Puigdellívol et al.
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37.1	 �Introduction

Muscle injury is one of the major problems in 
football, representing one third of all time-loss 
injuries (one fourth of total injury absence) in 
male professional players and up to 23% of all 
injuries at the amateur level [1–3]. Injuries to the 
major muscle groups of the lower limb (adduc-
tors, hamstrings, quadriceps and calf) account for 
more than 90% of all muscle injuries in profes-
sional football [1]. Besides its high incidence and 
great efforts in trying to improve prevention 
strategies, our understanding of mechanisms and 
risk factors is still limited, and the truth is that 
reported injury and reinjury rates have not 
decreased in the last decades [4, 5].
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Reinjuries are sure among the major con-
cerns among players and sports medicine prac-
titioners who will almost always need to 
engage in a risk-benefit analysis, when making 
return to play (RTP) decisions. The RTP con-
cept refers to the time the athlete will be able to 
return to normal sports activity with a mini-
mum risk of reinjury [6–8]. Thresholds for 
“acceptable level of risk” will be different for 
different individuals and will change depend-
ing on context [7]. Quite frequently and espe-
cially in professional sports, in important 
competitions and at certain parts of the season, 
both athletes and health professionals might 
feel pressured to accept a premature RTP with 
the consequent increased injury risk. As RTP 
decisions in muscle injuries are very much 
related with risk management, RTP decisions 
usually need of athletes and sports medicine 
professionals shared decision-making.

One of the most widely accepted risk fac-
tors for lower extremity muscle injury in foot-
ball is a previous identical injury. Hägglund 
et  al. [2] have reported reinjury rates of 
21–30% in their sample of 2123 lower limb 
muscle injuries of the UEFA injury study, with 
12–14% being early recurrences occurring 
within 2 months of RTP. The same authors [2] 
also reported higher quadriceps (68%) and calf 
(91%) injury rates with a history of previous 
injury to other lower limb muscle groups. In 
their prospective study including 32 hamstring 
injuries in Australian Rules footballers, Verrall 
et al. [9] found that together with previous pos-
terior thigh injury, history of knee and groyne 
injury also increased the risk of hamstring 
injury. In addition, it is well known that reinju-
ries are usually more severe and cause longer 
absence than the index injury [1].

All these factors highlight the importance of 
previous injury history, objective measure-
ments and individually tailored rehabilitation 
programmes aimed to develop the player’s 

functional abilities, in order to make better and 
safer RTP decisions. But nowadays and in real 
life, the truth is that there is a lack of empirical 
evidence and consensus on which are the best 
criteria based on player’s injury history, symp-
toms, physical and lab tests and psychological 
readiness, which should be used in RTP deci-
sions [7]. Quite frequently and even at the elite 
level, RTP decisions in muscle injuries mainly 
rely on estimated (guessed) post-injury time-
line, clinician’s individual experience and 
player’s subjective feelings. Objective and 
quantitative clinical and functional tests with 
the potential to identify neuromuscular and 
biomechanical deficits are therefore needed. 
These tests should be performed regularly and 
always consider the interrelationships between 
the measured variables (i.e. flexibility, joint 
mobility, strength, etc.) in order to determine 
when and how to progress through the phases 
of the rehabilitation programme [5]. 
Mendiguchia and Brughelli [10] propose an 
algorithm approach based on a multifactorial 
global analysis of the various risk factors 
related with hamstring injuries, through three 
basic phases (acute phase, subacute or regen-
eration phase and functional phase) which 
would hopefully decrease the risk of reinjury 
and lead to a more successful RTP (Fig. 37.1). 
More recently, Tol et  al. [11] have also pro-
posed a model with functional criteria-based 
progressions through a six-stage rehabilitation 
protocol. In these and other similar models, 
successful RTP in muscle injuries depends on 
every decision taken from the very beginning 
of the acute phase, because the athlete is not 
allowed to progress to the next phase until 
meeting specific criteria. More prospective 
interventional studies using these or similar 
types of systematic and individualized 
approach are needed to improve both our pri-
mary and secondary prevention strategies of 
muscle injuries in football.
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Acute Phase

Regeneration Phase

Treatment

Immobilization 3 to 4 days

RICE

Water Immersion

SIJ Manipulation

Variable

Pain after injury

Isolated strength at long
muscle Lengths

Neural deficiencies

Hamstring flexibility

Hip flexor flexibility

Functional Phase

Variable

Optimum angle of peak torque Isokinetic knee flexion at
60/second

Isokinetic hip extension at
60/second

<10% asymmetry between legs

<28 during knee flexion
and <8 asymmetry between legs

Hip extension strength

Horizontal force during running

Magnetic Resonance Imaging
(MRI)

Lumbar rotation stability ASLR test No Anterior Pelvic Tilt

Hamstring image Edema size and/or length

Non-motorized treadmill at 80%
maximum running velocity

<20% asymmetry between legs

Test Criteria for Progression

<10% asymmetry and
<20

>5 and symmetry below horizontal

No pain

Modified Thomas test (MTT)

Active knee extension (AKE) test

Slump test

Prone with knee flexed to 15

Probe with knee flexed to 15 <10% asymmetry

No pain

Test Criteria for progression

Immediately and up to
24 hours

Days 2 to 4

Days 3 to 4

Decrease scar size, increase tensile
strength and elasticity, and allow proper
alignment for myofibril regeneration

Reduce pain, bleeding and inflammation

Re-establish lumbo-pelvic-hip and
sacroiliac joint function

Displacement of fluids from extremities
to central cavities through hydrostatic
pressure

Timeline Purpose

If pain after 3-4 days
then Re-evaluate

Regeneration Phase
No pain after 4 or 5
days of treatment

No

Regeneration Phase
Training

Passed Criteria Functional Phase

Yes

YesNo

Functional Phase
Training

Passed Criteria Return to Sport

a

b

c

Fig. 37.1  The acute 
phase, subacute or 
regeneration phase 
and functional phase 
of the return-to-sport 
algorithm for 
hamstring injuries 
proposed by 
Mendiguchia and 
Brughelli [10] 
(Reprinted from a 
return-to-sport 
algorithm for acute 
hamstring injuries, 
by Mendiguchia and 
Brughelli [10]. 
Copyright [2010] by 
Elsevier Ltd. 
Reprinted with 
permission)
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37.2	 �Clinical Examination

37.2.1	 �History

When dealing with muscle injuries, making an 
accurate diagnosis and determining injury severity 
needs of as much information as possible related 
with injury mechanism, affected muscles, anatom-
ical location of the injury inside the muscle (myo-
fascial, intramuscular, muscle-tendon junction, 
intra tendinous), size of the injury, tendon involve-
ment and finally history of previous injuries in the 
lower limbs, groyne or low back. This information 
together with some other more subjective vari-
ables, such as pain, may be useful in guiding us 
through the rehabilitation programme.

The injury mechanism (sprinting, changing 
direction, kicking, dominant/non-dominant, 
stance/swing leg and trauma) may be one of the 
first aspects to consider. Muscle contusions usu-
ally need a shorter recovery period than the non-
contact injuries, thought to be caused by 
lengthening beyond the optimal length of the acti-
vated muscles [12]. In a sample of 2003 thigh 
muscle injuries of the UEFA Elite League injury 
study, the mean lay-off time for indirect (strain) 
injuries was of 18.5 days, significantly longer than 
the 7 days of direct (contusion) injuries [13].

Lower limb muscle injuries have a high rate of 
recurrence, and reinjuries seem to cause up to 
30% longer absence time than first-episode mus-
cle injuries [1]. The positive correlations found 
between lower limb muscle injury incidence and 
previous lower limb muscle, knee or groyne inju-
ries [2, 9, 14] could support the hypothesis of 
biomechanical changes and related post-injury 
inadequate compensations as the cause of further 
injuries. This highlights the importance for clini-
cians to investigate the player’s injury history and 
regularly monitor those biomechanical altera-
tions that could be related with previous injuries, 
before allowing players to RTP [2].

37.2.2	 �Physical Examination

The purpose of the first physical examination is 
to determine the location and severity of the 
injury. More than the length of the painful area, it 

has been suggested that it is the distance from the 
point of maximum pain to the proximal insertion 
that is associated with the absence period [15]. 
The more proximal the site of maximum pain, the 
greater the time needed to return to preinjury 
level [16].

Related with the lower limb affected muscle, 
quadriceps injuries are usually the ones requiring 
longer rehabilitation periods for RTP, while 
groyne muscle injuries cause the shorter absence 
[1, 3]. Injuries involving damage to the proximal 
free tendon [17, 18] or the central tendon of the 
muscle [19–22] are usually more severe and take 
longer for RTP. On the contrary, injuries located 
within the muscle belly, not involving the tendon 
or muscle-tendon junction, usually have a more 
benign prognosis and a shorter recovery period 
until RTP [23].

More than 1 day to walk pain-free has been 
shown to be associated with a longer (> 3 weeks) 
recovery period to RTP in hamstring injuries 
[24]. Symptoms that persist for more than 5 days 
might need considering more extensive tissue 
damage or intramuscular hematoma and most 
probably require special attention and a longer 
recovery [10].

Verrall et al. [25] found that patient reported pain 
and clinician’s estimate of injury severity correlated 
with the RTP in 83 Australian Rules football players 
with posterior thigh injuries. A few years later, the 
same group of researchers [26] found that swelling, 
bruising, tenderness and pain on hamstring contrac-
tion in the initial clinical examination had no value 
in predicting the likelihood of reinjury in 30 ham-
string injuries of Australian Rules footballers. 
Besides the above-mentioned conflicting findings, 
looking at early clinical signs and symptoms and 
continuous monitoring during the rehabilitation 
period is highly recommended. We still need further 
studies to confirm the validity of clinical findings 
for predicting the severity and prognosis of lower 
limb muscle injuries.

37.2.3	 �Core Stability

A lack of core stability has been widely consid-
ered as a risk factor for hamstring injuries [10]. It 
has been proposed that any sacroiliac joint and/
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or pelvic dysfunction can affect hamstring 
mechanical behaviour, alter the load transfer 
from the spine to the legs and thereby increase 
the injury risk [10]. Correcting these alterations 
early in the acute phase may help in restoring the 
lumbopelvic function and lead to a more success-
ful RTP in thigh muscle injuries.

Sherry and Best [27] found that a rehabilita-
tion programme consisting of progressive agility 
and trunk stabilization exercises is more effective 
in promoting return to sports and preventing 
injury recurrence in athletes suffering an acute 
hamstring strain than a more traditional isolated 
hamstring stretching and strengthening pro-
gramme. Although the morphological and neuro-
muscular factors were not measured, these results 
suggest that there may be a role for lumbopelvic 
neuromuscular control exercises in the preven-
tion of hamstring injuries and reinjuries [28]. The 
lumbar muscles provide localized segmental con-
trol of the lumbar spine, and it has been shown 
that a smaller size (cross-sectional area) of the 
multifidus or quadratus lumborum muscles may 
be predictive of lower limb injury incidence in 
Australian Rules football players [29].

Abdominal and lumbar muscles may also be 
important in preventing quadriceps injuries. 
During kicking, abdominal muscles are neces-
sary to reduce the quadriceps overload and help 
in controlling the lateral displacement of the 
trunk to the non-kicking side at foot-to-ball con-
tact [30]. Kicking may also demand high levels 
of activation of the quadratus lumborum of the 
non-kicking side, to counteract torsion and side 
flexion moments [31]. Core stability exercises 
have therefore become an important part of most 
thigh injuries prevention and rehabilitation pro-
grammes and should be incorporated early in the 
subacute phase.

37.2.4	 �Flexibility and Range 
of Movement (ROM)

Despite conflicting data in the literature, it has 
traditionally been suggested that greater flexibil-
ity may reduce the risk of muscle injuries due to 
greater compliance of the passive components of 
the muscle-tendon unit, at least in sports involving 

bouncing and jumping activities with a high 
intensity of stretch-shortening cycles [32]. A few 
prospective studies have identified relationships 
between reduced hamstring flexibility and ham-
string injuries [33–35] as well as between reduced 
quadriceps flexibility [35] or quadriceps asym-
metries [36] and quadriceps injuries, in profes-
sional football players. Malliaropoulos et al. [37] 
found that knee active ROM deficit was corre-
lated with recovery time in 165 track and field 
athletes with acute, first-time, unilateral posterior 
thigh muscle injuries. Recently, Moen et al. [38] 
reported that passive straight leg raise deficit was 
associated with time to RTP in 80 non-
professional athletes with magnetic resonance 
imaging (MRI)-positive hamstring injuries. By 
contrast, Askling et al. [17] found no correlation 
between measures of hip flexion ROM and time 
to RTP of hamstring injuries, in 18 elite sprinters 
and 15 professional dancers. Part of the contra-
dictory results might be related with the absence 
of gold standard methods for flexibility measure-
ments and with difficulties in stabilizing the hip 
and lumbar spine in some of the most widely 
used tests, such as the sit-and-reach, straight leg 
raise and toe-touch test [39]. Hunter and Speed 
[40] recommend the active knee extension (AKE) 
test that measures hamstring flexibility at 90 
degrees of hip flexion, but more dynamic tests 
such as the active hamstring flexibility test pro-
posed by Askling et al. [41] might be more sensi-
tive to detect differences not only in flexibility 
but also in insecurity before allowing the player 
to return to full training and competition.

Reduced hip flexors flexibility has also been 
identified as a risk factor for hamstring injuries. An 
increase in anterior pelvic tilt, due to tight hip flex-
ors and limited hip extension, could cause exces-
sive hamstring stretch in the opposite limb and 
thus increase the risk of hamstring injury [10, 42].

Hamstring and hip flexors flexibility exer-
cises should be initiated soon after injury, but 
always trying to avoid an increase in neural ten-
sion and including dynamic and functional exer-
cises that also involve hip stability and 
neuromuscular control [10].

There are a few reasons to support that achiev-
ing optimal levels of both quadriceps and hip 
flexors flexibility should be a cornerstone of any 
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quadriceps prevention and rehabilitation pro-
gramme in football players [31]. In the kicking 
action, the hip flexors generate greater hip flexion 
moment by using the stretch-shortening cycle. A 
lack of hip extension during the early swing 
phase due to a tight iliopsoas may require higher 
force generation from the rectus femoris and lead 
to overload and early fatigue during repetitive 
kicking sessions. Mechanical irritation of the 
femoral nerve due to a restricted psoas has also 
been suggested as a possible cause of rectus fem-
oris injuries [31]. The modified Thomas test is 
recommended for quadriceps and hip flexors 
flexibility assessment during any thigh injury 
rehabilitation programme [43].

Decreased ROM of the hip has been suggested 
to be a risk factor for sports-related chronic groin 
pain in athletes [44]. A decrease in hip abduction 
[45] and internal-external rotation [46] ROM of 
the hip have both been reported to be correlated 
with occurrence of groyne strains in professional 
football players. Although more prospective 
studies are needed, interventions directed at play-
ers with limited hip ROM could lead to reduce 
adductors injury and reinjury incidence and 
should therefore be considered in any groyne 
muscle injury rehabilitation programme.

Lower limb muscle injuries are sure related 
with different joints and groups of muscles, so an 
analytic approach to flexibility assessment in 
such a complex system should be avoided. 
Testing should be ideally performed with 
dynamic tests and in all the involved muscles. We 
should be very careful when interpreting results 
from static measures and avoid generalizing to 
dynamic actions [5].

37.2.5	 �Strength

Decreased muscle strength and strength imbal-
ances have long been proposed as related to 
increased risk of thigh muscle injuries. Reduced 
hamstring strength is commonly perceived to be 
a risk factor for hamstring injuries, most of which 
occur during the late swing [47] or early stance 
phase [48] of sprinting. Hamstring eccentric 
strength training has been shown to increase the 

optimum length of tension development [49] and 
decrease hamstring injury risk in professional 
and amateur football players [50–52].

Isokinetic strength testing is frequently used 
in football, but there is still lack of consensus 
regarding its usefulness in RTP decisions [53]. 
Peak torque at greater knee flexion angle (i.e. 
shorter optimum length) [12] and eccentric ham-
string strength deficits compared to the uninjured 
side, as well as the ratios of concentric hamstring 
to concentric quadriceps strength and eccentric 
hamstring to concentric quadriceps strength, 
have been proposed as the most useful variables 
to predict hamstring injury risk [54, 55]. In a 
recent study in 52 professional male football 
players with MRI-positive hamstring injuries, Tol 
et  al. [11] found that when compared with the 
uninjured leg, 67% of the clinically recovered 
players showed at least one hamstring isokinetic 
testing deficit of more than 10%. They concluded 
that normalization of hamstring isokinetic 
strength variables does not seem to be required 
for successfully completing a football-specific 
rehabilitation programme. Because of the low 
reinjury incidence, it was not possible to con-
clude if there was any association between iso-
kinetic strength deficits and reinjury incidence. In 
their study with hamstring injuries in sprinters 
and dancers, Askling et al. [17] did not find any 
correlation between knee flexion isometric 
strength (measured in prone position and with 
knee extended) and time to RTP. Freckleton et al. 
[14] demonstrated a significant deficit in pre-
season single leg hamstring bridge scores on the 
right thigh of Australian Rules football players 
that subsequently sustained a right-sided ham-
string injury. The lack of correlation between 
strength and time to RTP in some studies could 
probably be related with the fact that assessment 
was performed with non-functional tests that are 
very different from the football-specific demands. 
Hamstring strength should be tested and trained 
at long muscle lengths, with the hip and knee at 
functional angles and aiming to assess and 
improve strength, power and endurance.

Hamstring eccentric training may result in 
greater structural stability at longer muscle 
lengths and consequently may have interesting 
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implications for injury prevention. Despite the 
demonstrated benefit of the Nordic hamstring 
exercise in several studies [50–52], there might 
be greater benefit by using more functional uni-
lateral eccentric exercises that involve both hip 
and knee motion, similar to that needed for 
sprinting and other football activities [28, 56, 
57]. An adequate progression would allow the 
player to include these exercises in the last stages 
of the rehabilitation programme.

During running, the gluteus maximus has a 
multifaceted role not only as a powerful hip 
extensor but also to control trunk flexion of the 
stance leg and decelerate the swing leg [58]. 
Gluteus maximus activity has been shown to be 
much greater during sprinting than during run-
ning [59]. Any alteration in gluteus maximus 
strength, endurance or activation pattern will 
place greater demand on the hamstrings and may 
therefore increase the injury risk of this muscle 
group. Sugiura et al. [60] reported that hamstring 
injuries in a group of elite sprinters were associ-
ated with reduced hip extensors concentric 
strength. Exercises aimed at teaching how to iso-
late gluteus maximus activation from hamstrings, 
and improving gluteus maximus strength and 
endurance, should be included already in the sub-
acute phase of hamstring injuries rehabilitation 
programmes [10].

Quadriceps injuries are more common in the 
kicking leg, most probably related with a greater 
exposure to high-risk actions [2]. Both the ilio-
psoas and rectus femoris contribute to hip flex-
ion, and the ability to generate a greater hip 
flexion moment is critical to achieve a high foot 
velocity during kicking [31]. A reduction in 
strength and/or activation of the iliopsoas in foot-
ball players may result in overload and increased 
injury risk of the rectus femoris [31]. Achieving 
optimal and balanced levels of quadriceps and 
hip flexors strength at long muscle lengths should 
be considered as a priority in every prevention 
and rehabilitation programme of rectus femoris 
injuries.

Eccentric training of the quadriceps has been 
shown to increase the optimum length of the knee 
extensors in professional football players [49]. 
As muscle injuries are thought to occur when 

muscles are contracted beyond their optimal 
length [12], rectus femoris prevention and reha-
bilitation programmes should also include sport-
specific eccentric exercises of the knee extensors, 
with distances (sprints and decelerations), veloci-
ties and directional components similar to the 
football movements [31]. These eccentric exer-
cises aimed to increase the optimal length of the 
knee extensors should only be incorporated in the 
last part of the functional phase of the rehabilita-
tion programme.

Weak adductors have been suggested to be a 
risk factor of groyne injuries in sports requiring 
side-to-side cuttings, quick accelerations and 
decelerations and sudden changes in direction. 
Professional ice hockey players were 17 times 
more likely to sustain an adductor muscle strain 
if their adductor strength was less than 80% of 
the abductor strength [61]. Engebretsen et  al. 
[62] found that the risk for a new groyne injury 
(22/61 acute injuries) in football players (first, 
second and third Norwegian divisions) with weak 
adductors was four times the risk of players with 
normal strength. An intervention programme 
aimed at improving adductor’s strength proved to 
be effective to prevent adductor injuries in pro-
fessional ice hockey players [63]. Hip adductors/
abductor strength assessment with hand-held 
dynamometer in the supine position has been 
shown to be a simple and reliable method [64], 
and athletes with an adduction-to-abduction 
strength ratio of less than 80% with this test have 
been considered as at risk [63]. Tyler et al. [63] 
propose a three-phase adductor muscle strain 
rehabilitation programme, progressing from sub-
maximal isometric adduction exercises already in 
the acute phase to eccentric and sport-specific 
exercises in the last stages.

37.3	 �Muscle Mechanical 
Properties

Hamstrings play an important role in horizontal 
force production during the acceleration phase of 
sprint activities which are, with no doubt, essen-
tial in football performance. Forward orientation 
of ground reaction force (GRF) has been shown 
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to be a stronger determinant of field sprint accel-
eration performance than the overall magnitude 
of vertical or resultant GRF [65]. Mendiguchia 
et al. [66] used a recently validated simple field 
method that only needs time and velocity mea-
surements during a single sprint, to quantify both 
horizontal mechanical properties and 
performance measures in football players with a 
unilateral hamstring injury, during the entire 
acceleration phase of a 50 m sprint. Upon return-
ing to sports, injured players were moderately 
slower, and their ability to produce a high level of 
horizontal force in the first metres of the acceler-
ation phase was impaired, compared to the unin-
jured players. Within 2 months after returning to 
sports, the horizontal force production and accel-
eration capacity were both improved, which 
appears to indicate that the initial differences 
between injured and uninjured players were most 
probably related with the hamstring injury. 
Assessing and training horizontal force produc-
tion during sprint running should therefore be 
recommended in both primary and secondary 
prevention of hamstring injuries. These more 
football-specific testing and training methods 
should be included in the last stages of the reha-
bilitation programme and could also be useful to 
monitor the mechanical imbalances during the 
early phase after injured players RTP.

37.4	 �Football-Specific Functional 
Testing

The last stages of any rehabilitation programme 
should include exercises mimicking sport-specific 
tasks. In the last three stages of a six-stage criteria-
based standardized rehabilitation programme, Tol 
et al. [11] require the injured player to successfully 
complete a football-specific functional field test 
(FFT) that includes direction changes, sprints, 
jumps, (cross-) passes, shooting, interval running, 
one-on-one attacking and defence drills, mimick-
ing muscle fatigue and competitiveness during 
football training and game situations.

In order to assess if the player has completed 
sufficient training to be prepared for competition, 
the model proposed by Blanch and Gabbett [67] 

that includes the acute-to-chronic workload ratio 
(training load for a given week compared to aver-
age of previous 4  weeks) in the RTP decision-
making process could be a very useful tool to 
estimate the player’s reinjury risk. The ratio can 
be calculated for any internal and external work-
load variable considered to be relevant for the 
player and specific injury (session minutes X 
self-reported RPE, total running volume, inten-
sity of high-speed running, collisions, accelera-
tions and decelerations, etc.). The model is hoped 
to become more accurate with more data over-
time and even specific for the player who pro-
vides the data.

Any football player with a lower limb muscle 
injury should be able to complete a few training 
sessions with the team (not less than a week), 
with full functional ability and without limita-
tions and/or symptoms, before being allowed for 
a gradual RTP.

37.5	 �Imaging Criteria

During the last decades, there have been several 
attempts to establish an evidence-based correla-
tion between the imaging findings and clinical 
prognosis of muscle injuries. In the largest study 
analysing the relationship between MRI findings 
and RTP in professional football, Hallén and 
Ekstrand [3] analysed the MRI studies of 386 
muscle injuries registered during the 2001–2013 
UEFA Champions League study period. The 
authors concluded that radiological grading was 
associated with lay-off times after injury and 
could therefore be considered valuable for prog-
nosticating time to RTP. Lay-off days were also 
related to the injured muscle, with groyne muscle 
injuries causing shorter median absence (9 days), 
compared to hamstring (13  days), quadriceps 
(12  days) and calf muscle (13  days) injuries. 
Among the limitations of this study, it should be 
noted that MRIs were analysed by several radi-
ologists from different countries and that it 
included a heterogeneous group of muscle inju-
ries and, most probably, many different treatment 
methods that could have sure influenced the lay-
off times.
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Reurink et  al. [68] found that 89% of 53 
MRI-positive (grade 1 and 2) non-contact ham-
string injuries showed intramuscular increased 
signal intensity on fluid-sensitive sequences of 
the MRI at RTP. The authors concluded that nor-
malization of the increased signal, which can 
take up to 6 months [69], does not seem required 
for successful RTP.  Eighteen (34%) of the 53 
injuries showed low-signal intensity on RTP, 
suggestive of newly developed fibrous tissue at 
the site of injury, but its clinical significance for 
reinjury risk could not be determined. After ana-
lysing 180 male athletes with acute onset poste-
rior thigh pain, Wangensteen et al. [70] reported 
that the additional predictive value of MRI was 
negligible compared with baseline patient his-
tory and clinical examinational alone, conclud-
ing that there is no rationale for routine MRI 
after acute hamstring injury. In their recent sys-
tematic review of 12 studies (11 with a high risk 
of bias), Reurink et al. [71] concluded that there 
is currently no strong evidence for any MRI 
finding that gives a prognosis on the time to RTP 
after an acute hamstring injury. In their review, 
they just found moderate evidence for shorter 
time to RTP in injuries without hyperintensity 
on fluid-sensitive sequences and longer time to 
RTP associated with injuries involving the prox-
imal free tendon.

Ultrasound (US) may be a very useful tool in 
assessing muscle injuries and is becoming 
increasingly popular in sports medicine. 
Compared to MRI, US is inexpensive, widely 
available and allows for dynamic imaging while 
mobilizing the injured limb. Main drawbacks 
are its operator dependency and reduced sensi-
tivity when compared to MRI.  Petersen et  al. 
[72] investigated the US examinations of 51 
hamstring injuries of Danish football players 
finding that neither the presence of sonographic 
findings nor the size of the findings was corre-
lated with time to RTP and therefore concluded 
that the prognosis of hamstring injuries should 
not be guided by US findings alone.

RTP decisions exclusively based on US and 
MRI results are therefore not recommended 
and should always be taken in conjunction with 
information obtained from other objective 

clinical and functional tests. Hopefully in the 
future, advanced imaging techniques (diffusion 
tensor imaging, phosphorus MR spectroscopy, 
MR elastography) may provide with more pre-
cise information on muscle function, composi-
tion and microstructure and allow sports 
medicine practitioners to more accurately  
estimate the prognosis of lower limb muscle 
injuries [73].

37.6	 �Psychological Readiness

Psychological readiness is also an important 
aspect that should be considered in the muscle 
injuries RTP decision-making process. 
Motivation, confidence and low fear of reinjury 
are associated with a sooner RTP and greater 
likelihood of returning to the preinjury level of 
participation [74]. Fear seems to be a prominent 
emotional response at the time of RTP, but over-
all emotions become more positive as recovery 
and rehabilitation progress [74]. The sports medi-
cine practitioner (sports physician, physiothera-
pist, athletic trainer) must provide the player with 
as much evidence-based information as possible, 
as well as with constant and true reassurance. In 
certain cases, probably more in reinjuries, help 
from a sports psychologist should be considered. 
All those involved in the rehabilitation process 
should work as a team, with similar objectives 
and providing the player with the same informa-
tion. In professional sports, this might be quite 
frequently difficult to achieve because there are 
too many sources of information (sports medi-
cine practitioners, fitness coaches, coaches, 
directors, agents, media, etc.). The Injury-
Psychological Readiness to Return to Sport 
(I-PRRS) scale has been shown to be a valid and 
reliable tool to assess player’s psychological 
readiness to RTP after injury [75].

Conclusion

Lower limb muscle injuries are one of the 
major problems in football. Besides its high 
incidence and great efforts in trying to improve 
prevention strategies, our understanding of 
mechanisms and risk factors is still limited, 
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and reported injury and reinjury rates have not 
decreased in the last decades.

The biomechanical changes and related post-
injury inadequate compensations caused by 
previous muscle, knee or groin injuries appear to 
increase the lower limb muscle reinjury risk.

Regular assessment of football players with 
lower limb muscle injuries should include objec-
tive and quantitative, clinical and functional tests 
with the potential to identify neuromuscular and 
biomechanical deficits. Our approach to lower 
limb muscle injuries should always consider the 
interrelationships between all the multiple risk 
factors (previous injury, core stability, flexibility, 
strength, etc.) involved in these complex injuries.

Successful RTP in lower limb muscle inju-
ries depends on every decision taken from the 
early stages of the rehabilitation programme, 
in which progress through the different phases 
should only be allowed after meeting specific 
criteria.

RTP decisions exclusively based in imag-
ing results are not recommended and should 
always be taken in conjunction with informa-
tion obtained from other objective clinical and 
functional tests. Whenever possible, assess-
ment should be performed with dynamic and 
football-specific functional tests.

In football, RTP decisions in muscle inju-
ries are very much related with risk manage-
ment and usually need of players and clinicians 
shared decision-making.
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38.1	 �Introduction

Injuries of the muscle-tendon complex are among 
the most common injuries sustained by football 
players.

Tendon injuries were ranked fifth after muscle 
injuries, joint injuries, contusions and low back 
pain in an analysis of 254 injuries of a top Italian 
football team [1]. In the 11-year follow-up of the 
UEFA Champions League Injury Study, the 
Achilles tendinopathy was the tenth most com-
mon injury, with a 0.2/1000 h injury rate and 4.2 
injury burden (days absent/1000 h) [2].

Tendon injuries usually result from microtrau-
matic events and are more frequent in the tendons 
of powerful muscles. Taking into account the 
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lower limb, the most affected tendons in the 
lower limb are the adductor, proximal ham-
strings, patellar and Achilles tendons. The repeti-
tive submaximal abnormal loading leads to a 
disruption on repair chain by the tenocytes cells 
and results in collagen modification, fibre disor-
ganisation and neovascularisation [3]. The initial 
clinical manifestations are delayed, and the tissue 
normalisation does not always immediately 
follow the symptomatic recovery. These facts 
predispose to an underdiagnosis and/or high 
recurrence rate (nearly 25% for patellar and 
Achilles tendon), due to early return to play in a 
professional environment [4].

In youth players, the skeletal maturity pro-
gression leads to different manifestations in the 
tendon-bone unit (osteochondrosis/tendinopa-
thy). In this subgroup, a recent study indicated a 
relationship between injury occurrence and train-
ing time, match-play time and the chronologic 
age-skeletal age difference [5].

38.2	 �Epidemiology

38.2.1	 �Adductor Tendinopathy

The typical groin injury involves one or more mus-
cle-tendinous structures in the groin region, usu-
ally including the adductors, the iliopsoas or the 
abdominals. Most epidemiological studies on 
groin injuries in the athletic population do not 
differentiate between anatomical structures. 
Therefore, the existing studies are difficult to com-
pare, as injuries in the region are mainly reported 
as a groin injury/strain/tendinitis or likewise [6].

In male football, 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. The total injury incidence 
was 1.1/1000 h (3.5/1000 match hours and 0.6/1000 
training hours). This means that a male profes-
sional football team will suffer an average of seven 
groin injuries per season, with more than half of 
them leading to at least 1  week injury time [7]. 
Groin injury appears to be more frequent among 
male footballers compared with their female coun-
terparts regardless of the injury definition, study 

design, setting and playing level. In a recent review, 
the rates ranged from 0.2 to 2.1/1000 h in males 
and 0.1 to 0.6/1000 h in females, and the aggre-
gated data indicated a 2.4 higher rate of groin injury 
in males. Possible reasons for this gender bias in 
groin injury rates might include both internal (e.g. 
differences in pelvic anatomy, muscle strength and 
force development, the occurrence of abdominal 
wall weakness/sportsman’s hernia, etc.) and exter-
nal factors (e.g. training and match load, playing 
intensity, etc.) [8].

38.2.2	 �Proximal Hamstrings 
Tendinopathy

The incidence of hamstring injuries among ath-
letes varies based upon the definition used. The 
most common injury in football is thigh strain, 
typically affecting the hamstring muscle group. 
Thigh strain represents about 17% of all injuries, 
and a typical 25-player squad can expect ten 
thigh strains each season, with seven hamstring 
and three quadriceps strains [9].

Proximal hamstring tendon pathologic abnor-
malities are less common. These abnormalities 
are grouped clinically as “high hamstring tendi-
nopathy”, and patients usually present with sub-
acute onset of deep buttock or thigh pain that is 
exacerbated by repetitive activity, such as long-
distance running or football and often is aggra-
vated by sitting [10–13].

Regarding the acute strain injuries, an observa-
tional study reported a single-season prevalence 
rate greater than 50% among elite football players. 
Recurrent hamstring injuries develop in more than 
30% of athletes, which most occurred during the 
ensuing sporting season [14]. With regard to proxi-
mal hamstrings tendinopathy incidence, there is a 
lack of prospective epidemiology information in 
the current scientific literature. Currently, only a 
few studies are available [12, 13, 15].

38.2.3	 �Patellar Tendinopathy

About one-third of sports injuries that are treated 
at outpatient sports clinics involve the knee joint. 
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The most common knee disorders are Osgood-
Schlatter disease and patellar tendinopathy. 
Martens et al. [16] found that football and volley-
ball were the sports in which two-thirds of all 
their patients with patellar tendinopathy were 
involved. The most common knee disorders were 
insertional tendinopathy at the lower pole of the 
patella (at the proximal end of the patellar tendon) 
or jumper’s knee (20%), Osgood-Schlatter dis-
ease (10%) and patellar tendinopathy (6%) [17].

A recent study [18] in professional football 
players found that patellar tendon injuries repre-
sent 1.5% of all injuries, with an incidence of 
0.12 injuries/1000 h and a season prevalence of 
2.4%. Most injuries (60%) were minimal to mild 
(<8 days absence), and 19% were recurrent com-
plaints. No difference in season prevalence or 
incidence was observed between teams playing 
on artificial turf and natural grass. High total 
exposure hours and increased body mass were 
significant risk factors for patellar tendon injury.

38.2.4	 �Achilles Tendinopathy

The most common clinical diagnosis of Achilles 
overuse injuries is tendinopathy of the main body 
of the tendon (55–65%), followed by insertional 
problems, such as retrocalcaneal bursitis and 
insertional tendinopathy (20–25%) [17].

The annual incidence of tendon ruptures in pop-
ulation is increasing with a peak incidence of 37 
per 100.000 persons. A bimodal age distribution 
has been reported with the biggest incidence in the 
30–39-year age group, mostly by sports-related 
reasons (73%) [19]. Achilles tendon ruptures have 
higher incidence in men, with a ratio 10:1 [9].

A recently published study of UEFA 
Champions League [20] showed that Achilles 
tendon disorders (tendinopathies and ruptures) 
accounted for 2.5% of all injuries and 3.8% of 
layoff times in male professional football play-
ers. A higher injury rate was found during the 
preseason compared with the competitive season, 
0.25 vs. 0.18/1000 h. The mean layoff time for 
Achilles tendinopathies was 23 days, while a rup-
ture of the Achilles tendon, on average, caused 
161 days of absence. The mean age for Achilles 

tendon disorders was 27.2 ± 4 years, significantly 
older than the rest. Twenty-seven percent of all 
Achilles tendinopathies were reinjures. A higher 
reinjury risk was found after short recovery  
periods (31%) compared with longer recovery 
periods.

38.3	 �Risk Factors

Over the last few decades, due to the increasing 
demands on the intensity and frequency of training 
and matches in football, the tendon overuse inju-
ries have emerged as an important clinical chal-
lenge to overcome. In this sense, the overuse 
injuries have been characterised by insidious onset 
without trauma, often due to an overextending of 
the musculoskeletal system tolerance through 
repetitive submaximal abnormal loading, resulting 
in injuries at the microscopic level [2, 21, 22].

More recently, the concept of “looking beyond 
the tendon” has been employed, providing a bio-
mechanical approach to the intrinsic and extrin-
sic risk factors within the umbrella of tendinopathy 
[23]. In this sense, several clinical, biological and 
environmental features have been explored in the 
scientific literature as possible intrinsic (within 
the body) and extrinsic risk (outside the body) 
factors for sustaining a tendon injury. These can 
be further divided into modifiable or non-
modifiable risk factors [24]. The intrinsic risk 
factors may predispose the football player to a 
specific injury, and the extrinsic risk factors will 
determine the susceptibility to sustain the injury 
(Fig. 38.1) [25–27]. Nonetheless, these risk fac-
tors will not directly cause an injury, but rather 
the occurrence of a specific inciting event (mech-
anism of injury) will determine the onset of the 
injury. In this sense, different categories of incit-
ing events can be considered: playing situation, 
player and/or opponent behaviour, individual 
gross (whole body) and specific biomechanical 
characteristics [26, 27]. In which concerns the 
tendon injuries, these inciting events can happen 
suddenly (tendon ruptures), or occur due to a 
repetitive and systematic exposure to one or sev-
eral risk factors, which is the case of the overuse 
injuries (tendinopathy).
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Tendinopathy often leads to structural and 
functional dysfunction of the tendon, reflecting 
into pain over the tendon and subsequent 
altered biomechanics [29]. These movement 
dysfunctions, if not properly corrected, can 
further lead to the chronicity of the symptom-
atology [23]. Moreover, each individual athlete 
may display a unique cluster of risk factors, 
depending on the site and nature of the injury 
process [23, 29]. Nevertheless, it may also 
occur without any presence of overuse symp-
tomatology whatsoever [30]. Thus, recognis-
ing and understanding the pathomechanics and 
clinical implications of these risk factors may 
further assist the clinicians in planning and 
implementing risk factor modifying prevention 
and treatment strategies.

38.3.1	 �Intrinsic Factors

The intrinsic risk factors are directly related to 
the individual characteristics; thus, its modifiabil-
ity is often not possible. Nevertheless, knowledge 
regarding both modifiable and non-modifiable 
intrinsic risk factors may be used to target inter-
vention measures in those at risk of sustaining a 
tendon injury. In this sense, several modifiable 
and non-modifiable intrinsic risk factors can be 
associated with the tendon injury.

38.3.1.1  �Modifiable Intrinsic Risk 
Factors

The modifiable intrinsic risk factors are often 
related with biomechanical and structural defi-
cits, which can be addressed in order to reduce 
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Fig. 38.1  Schematic injury causation model illustrating the relationship between the predisposing risk factors and the 
occurrence of injury (Adapted from Meeuwisse [28] and Bahr and Krosshaug [26])
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the predisposition to the specific injury. Thus, 
many modifiable intrinsic risk factors can be 
taken into account: muscle imbalances or insuf-
ficiency [21, 23, 31–34], poor muscle flexibility 
[23, 34, 35], anatomical malalignments [21, 23], 
abnormal kinematics [22, 23, 32, 36–41], medi-
cation intake [42] and adiposity/elevated body 
mass index [23, 34, 43–45].

38.3.1.2  �Non-modifiable Intrinsic Risk 
Factors

The most important non-modifiable intrinsic risk 
factor is the occurrence of previous tendon injury 
at the specific tendon. In addition, other non-
modifiable intrinsic risk factors can be pointed 
out: gender [42, 44, 46–49], increasing age [23, 
50–52], blood type O [53, 54], individual genetic 
predisposition [55–58], anthropometrical varia-
tions [31, 34, 44] and hypertension [42].

38.3.2	 �Extrinsic Risk Factors

Although some extrinsic risk factors can be mod-
ifiable, these depend upon external factors, which 
some of them can be due to random occasions 
(per example, environmental conditions of the 
training or match). Hence, the extrinsic risk fac-
tors related to tendon injury include training and 
match surfaces (turf or artificial turf) [21, 23, 59, 
60], player position, high total exposure hours 
[31, 43, 61, 62], inappropriate training (volume, 
magnitude, speed of loading, frequency, inclina-
tion, fatigue, wrong sportive gesture, abrupt or 
acute modifications in amount or type of load) 
[21, 59], environmental conditions (in colder 
temperatures, the tendons become stiffer and 
with decreased blood supply) [21, 23, 63, 64] and 
wrong footwear and poor equipment available 
[21, 23]. In addition, excessive dietary intake of 
cholesterol has been pointed out as an extrinsic 
risk factor once it will result in accumulation of 
oxidised low density lipoprotein within the load-
bearing areas of tendon, impairing the production 
of type I collagen and thus reducing the tendon 
energy storage capacity and strength [23].

38.3.3	 �Specific Risk Factors

38.3.3.1  �Adductor Tendinopathy
During maximal effort football kick, the adductor 
longus seems to be at greater risk of injury in the 
swing phase, where eccentric active forces and 
stretching forces occur simultaneously [65–67]. 
Hence, by decreasing the demand on the adduc-
tor longus, it can reduce the risk of injury during 
cutting or other lateral change-of-direction 
manoeuvers [68]. Other factors seem to put the 
adductor tendon at risk of injury:

•	 Muscle imbalances at the symphysis pubis and 
surrounding pubic bone (specially between the 
adductors and rectus femoris) [69, 70]

•	 Decreased hip range of motion [69] or specially 
decreased hip extension range of motion [67]

•	 Reduced flexibility of the posterior chain mus-
cles and/or iliopsoas muscle [71]

•	 Previous rectus abdominis tendinopathy [72]
•	 Lumbar hyperlordosis [71]
•	 Temporomandibular joint dysfunction and 

malocclusion [71]
•	 Altered lower limb kinematics (defects of 

plantar support) and sports particularities 
(sudden changes of direction, continuous 
acceleration and deceleration, sliding tackles 
and kicking) [71]

•	 Anthropometrical variations (marked asym-
metry of lower limbs) [71] or female lower 
limb morphology and morphometric, such as 
the pelvis geometry and the knee valgus

•	 Incorrect training and equipment (unsuitable 
footwear, environmental weather, training and 
match surfaces and inappropriate training vol-
ume/loading) [71]

38.3.3.2  �Proximal Hamstrings 
Tendinopathy

The scientific literature has few reports regarding 
the proximal hamstrings tendon pathology, also 
known as “high hamstring tendinopathy”, “ham-
string syndrome”, “ischiatic intersection syn-
drome”, “hamstring enthesopathy” and “hamstring 
origin tendinopathy” [73–76]. It is often overlooked 
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as a cause of chronic gluteal pain and includes 
tendon degeneration, partial tearing and peritendi-
nous inflammatory reaction [15, 76]. Usually, 
these conditions present subacute onset of deep 
buttock and/or thigh pain, particularly at the 
ischial tuberosity, which can be exacerbated by 
repetitive activity and often is aggravated by sit-
ting [10–13]. Little information is available about 
the risk factors for hamstrings proximal tendinop-
athy. In this sense, different possible risk factors 
can be pointed out:

•	 Muscle imbalances
•	 Eccentric hamstrings overload [15]
•	 Poor muscle flexibility
•	 Core weakness [76]
•	 Lumbopelvic dysfunction [76]
•	 Inadequate warm-up
•	 Previous hamstrings injury

38.3.3.3  �Patellar Tendinopathy
Patellar tendinopathy seems to be consequent of 
a combination of different risk factors [22, 43]. 
Furthermore, it has been suggested that unilateral 
and bilateral patellar tendinopathies have a 
unique aetiology [31]. In this sense, the scientific 
literature has been suggesting different risk fac-
tors that may predispose the development of 
patellar tendinopathy:

•	 Male gender [44]
•	 High total exposure hours [61, 62]
•	 Altered lower limb kinematics (such as, high 

ankle inversion-eversion moments, high exter-
nal tibial rotation and plantar flexion moments, 
large vertical ground reaction forces, deeper 
knee flexion angle and high rate of knee exten-
sor moment development) and reduced mus-
cle activity [37–39]

•	 Muscle imbalances (reduced eccentric 
strength) [31, 34]

•	 Poor muscle flexibility (quadriceps and ham-
strings muscles) [34, 35]

•	 Anthropometrical variations (tibia length to 
stature ratio, waist to hip ratio, trunk lean to 
total lean) [31, 34]

•	 Elevated body mass index [77]

38.3.3.4  �Achilles Tendinopathy
Achilles tendinopathy often occurs in athletes 
who systematically perform running and jumping 
as sportive actions, including the football [78]. 
Nevertheless, it specific cause still remains 
unclear [79]. Some authors have suggested a 
failed healing response as a major cause for the 
aetiology of Achilles tendinopathy [80, 81]. In 
this sense, many risk factors have been suggested 
to predispose to Achilles tendinopathy:

•	 Male gender [46–48]
•	 Increasing age [47, 50, 82]
•	 Individual genetic predisposition [56, 57]
•	 Medication intake (local or systemic steroid 

exposure or oestrogen supplementation) [42]
•	 Hypertension [42]
•	 Elevated body mass index [42, 77, 83]
•	 Foot posture (pes cavus valgus or pes planus 

varum) [82]
•	 Altered ankle kinematics (increase in eversion 

displacement of the subtalar joint) [40]
•	 Muscle imbalances or insufficiency [33, 84]
•	 Decreased environmental temperature may 

increase the viscosity of the lubricant, increas-
ing the friction and risk of Achilles paratendi-
nitis [63, 64]

•	 Sudden changes in the intensity of the training 
load, such as period of rest following the pre-
season, have been suggested due to the inabil-
ity of the Achilles tendon to adapt fast enough 
to these changes [20, 85, 86]

38.4	 �Prevention

The cornerstone of every prevention program is 
to accurately identify the predisposing risk fac-
tors and modify them and, also prepare the play-
ers for the physical demands of their athletic 
competition. Hence, the sports medicine profes-
sionals should first establish the extent of the 
injury/deficit (incidence, severity, predisposing 
risk factors) and determine the cause and mecha-
nism of the injury and then implement the pre-
ventive strategy and assess its effectiveness in a 
systematic fashion [26].
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38.4.1	 �Modification of Risk Factors

It has been shown that athletes with tendinopa-
thies related to an overused repetitive sportive 
gesture, such as jumping in the case of patellar 
tendinopathy, have also higher performance lev-
els in this specific tasks (e.g. athletes with patel-
lar tendinopathy often show better jumping 
performance than athletes without patellar ten-
dinopathy) [45, 87]. Nevertheless, these motor 
control deficits should be properly approached 
because athletes with tendinopathy at a specific 
site have potentially increased risk of develop-
ing tendinopathy at other locations [88]. 
Furthermore, it has been shown that tendinopa-
thy-associated motor and sensory (greater corti-
cal inhibition [89]) impairments are often 
present bilaterally, even when the tendinopathy 
is presented unilaterally [90]. In addition, once 
most of lower limb activities are performed 
bilaterally and symmetrically, the uninjured side 
may be striving in order to protect the potential 
vulnerable tendon and stand the loads imposed 
by the athlete in demand for optional perfor-
mance [88]. In this sense, the importance of the 
core and trunk muscles should not be over-
looked, since these muscle play an important 
role in achieving the proper biomechanics and 
motor control and, therefore, should be included 
in the prevention program [91]. All these above-
mentioned considerations highlight the multi-
factorial nature of tendinopathy and stress the 
importance of correctly addressing and control-
ling the predisposing risk factors.

To design a particular prevention protocol, the 
clinician should take into account the location of 
the injured tendon as also the associated deficits. 
In this sense, addressing the associated strength 
kinematic abnormalities may play a crucial role 
in increasing the movement variability, reduce 
the risk of overuse tendon injury and, in addition, 
even improve the sports-specific gesture. Along 
this line, athletes with patellar tendinopathy often 
show altered landing patterns [92] as conse-
quence of the protective strategies employed to 
avoid pain [88]. By increasing the movement 
variability in these athletes will fine-tune the load 
patterns and decrease the imposed load accumu-

lation in the specific region of the tendon and 
consequently prevent the potential development 
of an overuse injury [92–94].

Another essential concept that needs to be 
properly understood and incorporated into the 
prevention planning rationale is the tendon 
biology. It is known that after maturation, ten-
dons undergo biochemical, cellular, mechanical 
and pathological changes, leading to structural 
and functional deficits, diminished capacity to 
readapt to the environmental stress and loss of 
tissue homeostasis [52]. Moreover, the different 
tendons have also dissimilar biological charac-
teristics, reflecting into different histopathologi-
cal, pathomechanical and pathophysiological 
responses [23, 81, 95, 96]. In addition, within the 
tendinopathy umbrella, several terminologies can 
be used (tendinosis, tenosynovitis, paratenonitis), 
and, therefore, knowledge of these different ter-
minologies is important to better address the pre-
ventive programs [23]. Along these lines, 
neuroplastic training has been proposed as a 
potential approach for the optimisation of the 
motor control and sensory neuroplasticity in ath-
letes with tendinopathy [88].

Taking into account all the considerations 
exposed above, the clinician should be capable to 
plan a prevention program which includes all 
these features. Addressing predominantly the 
motor control and strength deficits, as well as 
several external factors (in particular, footwear 
and dietary modification), may determine the 
success of the preventive program. In this sense, 
these preventive features should be adapted and 
directed to the specific tendinopathy to further 
enhance its effectiveness. A suggested approach 
to the modifiable risk factors of the different 
lower limb tendinopathies (adductor, hamstrings, 
patellar or Achilles) is presented in Table 38.1.

38.4.2	 �Training System 
Particularities

Tendinopathy is caused by multiple factors and 
therefore should be address by a multidisciplinary 
team. In this sense, the medical team should work 
together to prevent and/or modify the different 
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potential predisposing risk factors. Thus, the medi-
cal team should include all the sports medicine 
professionals that may play a role in the different 
aspects within the sports injury scope: sports med-
icine physician, physiotherapist, strength and con-
ditioning trainer, radiologist, psychologist and 
nutritionist, among others.

In addition to the multidisciplinary approach, 
the prevention program should be customised to 
the specific tendinopathy and to the football 
player himself in order to address the different 
particularities inherent to each individual. Along 

this line, it is of upmost importance to adapt the 
prevention program in accordance to the player’s 
current fitness status, level of competition and 
positional role in order to enhance the adherence 
and effectiveness of the program. Moreover, since 
female football has been fast growing worldwide 
(nearly 10% of total number of footballers), it is 
crucial to also know the specificities of the female 
player, such as hormonal particularities, sexual 
maturation and anthropometry [97]. In addition, it 
has been shown that female footballers have dif-
ferent football-specific biomechanical and skills 

Table 38.1  Potential control or interventional approaches for modifiable risk factors

Specific tendinopathy Modifiable risk factor Potential control or interventional approaches

Adductor tendinopathy Altered lower limb kinematics 
[71]

N-M exercises targeted to correct kinematic deficits, 
particularly the plantar support and knee adduction/
abduction moments

Muscle imbalances [69, 70] Muscular strengthening exercises targeting to correct 
muscle imbalances

Decreased hip ROM [67, 69] and 
reduced flexibility of the posterior 
chain muscles and/or iliopsoas 
muscle [52]

Stretching exercises of the hip targeting the increase 
of range of movement

Previous rectus abdominalis 
tendinopathy [72]

Rectus abdominalis strengthening exercises

Proximal hamstrings 
tendinopathy

Muscle imbalances Muscular strengthening exercises targeting to correct 
muscle imbalances

Eccentric hamstrings overload 
[15]

N-M exercises targeting the improvement of motor 
control and hamstrings correct contraction awareness

Poor muscle flexibility Stretching exercises of hamstrings targeting the 
increase muscle elasticity

Core weakness [76] and 
lumbopelvic dysfunction [76]

Core static and functional exercises

Previous hamstrings injury Secondary prevention of hamstrings muscles through 
eccentric exercises and stretching of the thigh 
muscles

Patellar tendinopathy Altered lower limb kinematics 
[37–39]

N-M exercises targeted to correct lower limb 
kinematic deficits and footwear modification

Muscle imbalances [31, 34] Muscular isotonic strengthening exercises targeting 
the hamstrings/quadriceps unilateral ratio 
normalisation and bilateral asymmetry (supervised 
by isokinetic evaluations)

Poor muscle flexibility [34, 35] Stretching exercises of quadriceps targeting the 
increase muscle elasticity

Elevated body mass index [77] Motorised physical exercise targeting weight loss 
and dietary counselling

Achilles tendinopathy Altered ankle kinematics [40] N-M exercises targeting ankle and foot posture 
correction, footwear modification and, eventually, 
sports taping limiting eversion of the foot

Muscle imbalances or 
insufficiency [33, 84]

Muscular eccentric strengthening exercises targeting 
the plantar flexor muscles

Elevated body mass index and 
hypertension [42, 77, 83]

Motorised physical exercise targeting weight loss 
and dietary counselling (lipid profile)

Legend: N-M neuromuscular, ROM range of movement
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performance [98–102], highlighting the need to 
adapt the training loads and intensities to their 
physical demands and capacities [97].

A progression-based prevention program can 
help the players, once they start with easier exer-
cises and progress to more complex ones as they 
improve the physical capabilities and skills. Training 
tips and pearls are described in Table 38.2.

Another important training particularities are the 
method of strengthening and the loads applied. In 
this sense, performing muscular assessment allows 
to tailor the prevention program to fit the needs of 
each individual athlete. At earlier stages more iso-
metric exercises should be performed in order to ini-
tiate the muscle-tendon unit loading, and, as the 
program progresses, more isotonic exercises can be 
performed in order to increase the tolerance to higher 
loads, especially during eccentric exercises. 
Attention should be paid to excessive loads once 
these often lead to maladaptations within the tendon 
structure causing pain [103]. As the strength perfor-
mance is balanced, high velocity exercises (such as 
jumping and landing, acceleration, deceleration and 
cutting/change-of-direction activities) may be incor-
porated to program aiming to replicate the high 
demands of football. In addition, exercises targeting 
motor control and football-specific skills should be 
implemented into the prevention program.

38.4.3	 �Clinical Follow-Up

The tendinopathy in the athlete is usually charac-
terised by pain and impaired performance [104]. 

Nevertheless, when the symptomatology appears, 
the inflammation already may be present for a long 
time, as result of the repetitive loading placed in the 
tendon [105]. In addition, these injuries often result 
in prolonged periods of rehabilitation, leading to a 
delayed return to play [106]. Moreover, biome-
chanical and strength deficits may persist even after 
the player return to the competition [88]. Thus, 
continuous assessment follow-up plays a crucial 
role in keeping the player healthy and injury-free, 
ensuring his safe and best performance.

The history of previous injury is the most 
important predisposing risk factor [107, 108]. 
Hence, a complete and comprehensive anamnesis 
should be performed prior to the planning of the 
preventive program.

Movement analysis is a critical part of the clini-
cal examination follow-up once it can detect motor 
control deficits that may be predisposing the athlete 
to tendinopathy. Thus, the athlete’s quality of 
movement should be followed during his career in 
order to detect and correct eventual biomechanical 
deficits and enhance his performance. In this sense, 
the most important exercises to be evaluated during 
the movement analysis are the acceleration 
mechanics, cutting and pivoting exercises due to its 
frequency during the football game. In addition, 
landing mechanics may also be explored in order to 
investigate further deficits [109].

Functional testing may also play an important 
role in the identification of biomechanical deficits. 
In this sense, significant differences in hopping 
kinematics in athletes have been found [41, 110–
112]. A set of hopping and agility functional tests 
can be performed in order to assess eventual bio-
mechanical deficits: single-leg vertical hop test, 
single-leg hop test, triple hop test, crossover hop 
test, square hop test, side hop test, single-leg squat 
test, retro step-up test, 6-m timed hop test, agility 
T-test, slalom test and star excursion balance test, 
among others. A limb symmetry index of 85–90% 
has been recommended throughout the scientific 
literature for other conditions, which may also be 
applied to tendinopathies [113–116].

Continuous assessment of potential muscular and 
flexibility deficits may help clinicians to identify 
potential predisposing factors. Concerning the muscu-
lar deficits, these can be assessed through an isokinetic 
evaluation, and the unilateral (agonist/antagonist) and 
bilateral (injured/uninjured) muscular balance can be 

Table 38.2  Training tips and pearls

Tips and pearls

Avoid sudden changes in the training (intensity, 
frequency and type)
Caution upon in the choice/change of football boots (if 
needed ask for help)
Keep a healthy diet and control your body composition
Make sure there is no biomechanical and strength deficits
Remember that motor control deficits may persist after 
injury recovery
Adequate the training loads
Keep in mind that well-developed physical qualities 
may be part of the best prevention strategies
Identify the origin of the problem and try to fix it
Implement individualised and progression-based 
preventive programs
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assessed and accordingly corrected [117]. In which 
concerns the flexibility deficits, it has also been shown 
that specific range of motion limitations can lead to 
particular tendinopathies, such as Achilles and patellar 
tendinopathies [118, 119].

38.4.4	 �Prevention Protocols

There is limited prospective evidence in which 
concerns the implementation of preventive proto-
cols in football cohorts with tendinopathy. The 
most common approaches are eccentric 

strengthening and stretching exercises, core sta-
bility and football-specific proprioceptive train-
ing, preventive education and shoewear 
modification [120]. Nevertheless, the prevention 
programs should always be directed to the indi-
vidual deficits of the football player and the iden-
tified predisposing risk factors and also prepare 
the football player’s muscles and tendons to 
withstand the football-specific demands. In this 
sense, we suggest a couple of exercises that can 
be applied to prevent adductor (Fig. 38.2), proxi-
mal hamstrings (Fig. 38.3), patellar (Fig. 38.4) 
and Achilles tendinopathies (Fig. 38.5).

a

c

d

b

Fig. 38.2  Set of preventive exercises for adductors tendi-
nopathy. (a) Core strengthening with lumbopelvic stabili-
sation – perform a bosu crunch, isometrically contracting 
your adductors with a pilates circle between your knees. 
(b) Oblique core functional exercises – perform diagonal 
functional movement (upper limbs) while maintaining 

your core isometrically contracted. (c) Lateral eccentric 
glide – lunge eccentrically sideways by sliding the foot in 
the gliding mat. (d) Copenhagen adduction – the down-
ward leg is adducted until the feet touch each other and the 
body is in a straight line
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a

c d

b

Fig. 38.3  Set of preventive exercises for proximal ham-
strings tendinopathy. (a) Eccentric hamstrings bench exer-
cise – while locking your calcaneus on a bench, raise your 
pelvis from the ground and slowly get back down eccentri-
cally. (b) Eccentric hamstring exercise with Russian belt – 
lean slowly forward while holding a kettlebell with your 

lower limbs locked by a Russian belt. (c) Hamstrings 
diver – lean slowly forward holding a kettlebell while the 
static leg is performing the eccentric slowing down of the 
upper limb. (d) Nordic hamstrings exercise – lean slowly 
forward trying to maintain your hamstrings eccentrically 
holding your body as long as possible

a b c

Fig. 38.4  Set of preventive exercises for patellar tendi-
nopathy. (a) Eccentric lunges – perform eccentric unilat-
eral lunges with your support leg extended with the help 
of TRX®. (b) Single-leg decline squat – perform a single-

leg squat on top a 25° declined surface. (c) Eccentric 
squats  – perform eccentric squats with the help of a 
Russian belt. (d) Instable bosu lunges – perform lunges on 
top of the bosu and unstable surfaces
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a

b c d

Fig. 38.5  Set of preventive exercises for Achilles tendi-
nopathy. (a and b) Eccentric plantar flexors exercise – per-
form eccentric contraction of plantar flexors muscles with 

a leg press machine or with a step platform. (c and d) 
Plantar flexors stretching – stretch the plantar flexors mus-
cles with an elastic band or with declined surface

d

Fig. 38.4  (continued)
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39.1	 �Introduction

Tendons are a specific dense regular connective 
tissue and bind muscles to bone acting as trans-
ducers of the muscle contraction to skeletal struc-
tures, allowing mobility and joint stability. In the 
tendinous tissue, two main types of fibroblasts 
are present. Tenoblasts are immature cells and 

tenocytes are mature tenoblast which synthesizes 
the extracellular matrix. In this matrix, there are 
collagen fibers arranged in regular arrays, and 
they account for 70–80% of the dry weight of a 
tendon. The type I collagen is the most common. 
These fibers of collagen are organized in bundles 
that are wrapped in the endotenon which in turn 
are enveloped by an epitenon, forming the actual 
tendon [1–3].

Tendon injuries are a common clinical condi-
tion both in sports and in the workplace. In pro-
fessional football players, the most prevalent 
diagnoses are muscle-tendon injuries, and the 
lower limbs are the most common location of 
injury [4, 5]. Tendons subjected to the highest 
stresses, exposed to repeated strains and with less 
vascularization, are the most frequently damaged 
[2, 6, 7].

These injuries vary in a range of acute rupture 
to chronic tendinopathy. Acute tendon tears are 
derived from a traumatic event or a spontaneous 
rupture in a degenerate tissue, while chronic ten-
dinopathy is due to overuse situation as in exces-
sive sports activity [8, 9].

The most common tendon disorder is the ten-
dinopathy (often called tendinitis or tendinosis), 
and the overuse may be considered the initial dis-
ease factor, which leads to small tendon injuries. 
As a result, the tissue fails to heal before further 
trauma occurs [3, 6, 10].
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Clinical status of tendinopathy is a combina-
tion of pain, swelling, and impaired performance. 
Tendon tears appear as sudden pain, deformity, 
and functional impotence [11, 12].

39.2	 �Diagnosis

39.2.1	 �Clinical Presentation

The chronic tendon degeneration is often clin-
ically silent, and its only manifestation may be 
a consequent tear. Patients with acute tendon 
rupture have pain and joint movement dys-
function. A palpable gap and inability to 
move the joint against gravity and resistance 
of strength are found in the physical examina-
tion [2, 12].

About the tendinopathy, the clinical scenario 
is quite uniform. Patients complain of pain in the 
affected tendon area, sometimes insidiously dur-
ing a sports practice, advancing to light activi-
ties, or the pain may even be present at rest. 
Local tenderness, swelling, and reduced articu-
lar range of motion could be shown. Some 
patients experience exacerbated symptoms 
despite a few alterations in imaging examina-
tions, and the opposite can also occur. There is 
not always a correlation between the extents of 
anatomic injuries in displayed exams and clini-
cal founds [2, 3].

Another condition in the physical examination 
is the lack of flexibility. This situation has been 
associated with tendinopathy in the lower limb. 
Range of movement is also important in the ten-
dinopathy pathogenesis. Decreased ankle dorsi-
flexion increases the amount and rate of loading 
on Achilles and patellar tendons. There is suffi-
cient evidence that overload is a critical factor in 
tendinopathy [13].

Pain in tendinopathy is resultant of a combina-
tion of mechanical and biochemical changes, 
which affected the local cells and peripheral 
nerves. Chemical irritants and neurotransmitters 
may generate pain in tendinopathy. Lactate levels 
increased, and presence of neurotransmitter 

glutamate and substance P has been described in 
tendinopathy [3, 7, 14].

39.2.1.1	 �Tendon Injuries 
Around the Hip

Calcific tendinitis in the lower limb is the most 
common in the gluteus medius tendon. It is the 
result of deposition of calcium phosphate 
crystals in the tendons or adjacent soft tissues. 
The patient, who usually is a 50-year-old 
female, has severe pain and motion limita-
tions. Acute calcific tendinitis is often misdi-
agnosed [15].

Proximal hamstring tendinopathy is an over-
use injury characterized by lower gluteal pain, 
especially during sports. The pain in the proxi-
mal posterior thigh appears and increases 
gradually, and continued exercises made the 
situation worse. It has been descripted espe-
cially in sprinters and middle- and long-distance 
runners [11].

Hamstring muscle and tendon injuries are 
common in sports requiring sprinting, accelera-
tion, and kicking. The British Athletics Muscle 
Injury Classification is based on magnetic resso-
nance imaging (MRI) features and described the 
extent and the localization of the injuries. In grade 
0 the imaging is normal, and in grade 1 there is a 
small tear to the muscle. In grade 2 it’s about 
moderate injuries and grade 3 extensive tears to 
the muscle. In grade 4 injuries are complete tears 
to either the muscle or tendon. For grades 1–4 
injuries, the suffix “a” denotes a myofascial injury 
in the peripheral aspect of the muscle; “b” an 
injury within the muscle belly, most commonly at 
the muscle-tendon junction; and “c” an injury 
which extends into the tendon. The most common 
site of muscle injury is at the muscle-tendon junc-
tion, and the injury within the tendon is associ-
ated with a poorer prognosis [16]. Brunker [17] 
shows that the slow stretch type of injury and 
injuries involving the central tendon both requires 
longer times to return to play, and Pollock et al. 
[18] report that hamstring injuries that extend into 
the tendon (“c”) are more prone to re-injury and 
delay time to return to full training (Fig. 39.1).
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39.2.1.2	 �Tendon Injuries 
Around the Knee

The main patellar pathology is proximal patellar 
tendinopathy, also known as jumper’s knee. The 
patellar tendon is more vulnerable to overuse inju-
ries than quadriceps tendon, particularly in adoles-
cents and young adults [19, 20]. Patellar tendinopathy 
is a common cause of anterior knee pain, is involved 
with the overuse injury in sports, and is common 
among athletes in sports with prolonged repetitive 
stress of the knee extensor apparatus such as jump-
ing (volleyball, basketball), kicking (football, amer-
ican football), quick stops and starts (tennis, squash), 
and running [3]. Clinical symptoms may include 
pain, perceived swelling or fullness, and a sensation 
of “weakness” or “giving way” [21].

Hägglund et  al. [22] published that patellar 
tendinopathy is a fairly common condition in 
elite football, and the recurrence rate is high (12–
27%). High total amount of exposure was identi-
fied as a risk factor for patellar tendinopathy.

The extensor mechanism ruptures are rare 
injuries, which often occur through a degenerative 
tendon and produce painful and swollen knee. 
The patient has difficulty walking and cannot 
straighten their leg against gravity or resistance 
due the loss of extensor function. There may be a 
palpable defect in the suprapatellar or infrapatel-
lar regions and an abnormal position of the patella. 
Hemarthrosis may or may not be present [23].

These injuries are produced by an eccentric 
contraction of the quadriceps muscle applied to 
the flexed knee. In young athletes, the typical 
mechanism is abrupt deceleration while running. 
In the elderly population, the most frequent 
mechanism is a sudden loss of balance that results 
in a fall on the fixed and flexed knee [20, 23].

Patellar tendon rupture can be the end stage of 
“Jumper’s knee” due to the cumulative effect of 
repetitive trauma and microtearing of the tendi-
nous fibers [21].

Quadriceps tendon tears are most common 
than patellar tendon ruptures and occur most often 
at the tendo-osseous junction. Usually the patient 
is around 40–60-year-old man, while the majority 
of patellar tears are seen at ages between 30 and 50 
years. When a sudden flexion occurs in a normal 
bone, the tendons are susceptible to rupture, but if 
it is a osteoporotic bone, a patellar fracture might 
occur. Therefore, patellar and quadriceps tears are 
rare in woman, but patellar fractures are seen more 
commonly in them by which hormonal matters 
have more incidence of osteoporosis [9, 12, 24].

39.2.1.3	 �Tendon Injuries 
Around the Ankle

Achilles tendinopathy occurs both in sportspeople 
and sedentary people. Top level runners have an 
incidence of 7–9%, and sedentary lifestyle people 
have 30%. Pain, diffuse or localized swelling, and 
impaired performance of the Achilles tendon is 
seen in this clinical condition. Tendinopathy of 
the midportion of the tendon accounts for 55–65% 
of all injuries. In the beginning, pain occurs a 
short while after the end of the exercise. As the 
pathologic process progresses, pain may occur 
during the exercise and interferes with activities 
of daily living. Maffulli et  al. [14] name that 

Fig. 39.1  Hamstring injury
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clinical examination is the best diagnostic tool. 
Location of pain from 2 to 6 cm above the inser-
tion into the calcaneum and pain on palpation are 
reliable and accurate tests for diagnosis.

In an acute rupture of the Achilles tendon, the 
patients report that they thought that they had 
been struck by an object or kicked in the tendon 
area. An audible snap usually is reported too. 
These injuries are common in sports practice, and 
the patients may present pain, palpable gap, and 
Thompson signal besides being unable to bear 
weight and notice weakness.

Although they are common injuries and usually 
easy to diagnose, there are reports that 20% of cases 
are not diagnosed by the first examining physician. 
This indicates that a high index of suspicion is neces-
sary because a neglected rupture will result in greater 
difficulty in treatment and rehabilitation [1, 14].

Ress et al. [13] cite that gender is a key genetic 
expression, and women develop less tendinopa-
thy than men, but after the onset of menopause, 
they are also prone to Achilles tendon ruptures. 
Estrogen may protect tendons.

The tibialis posterior is the most powerful 
inverter of the foot and an important dynamic stabi-
lizer of the foot arch. Traumatic injuries, such as 
lacerations or dislocation, are associated with ankle 
or calcaneal fracture. Tendinopathy of the tibialis 
posterior occurs frequently in runners and is associ-
ated with valgus flatfoot-pronation deformities [3].

Posterior tibialis tendon deficiency is a pre-
sentation of this tendinopathy. The incidence is 
higher in middle-aged women who have coexist-
ing obesity. Pain around the posteromedial aspect 
of the ankle, fatigue or weakness of the foot and 
ankle, and difficulty in walking are seen, and it 
can lead to flatfoot deformity [25].

Tibialis anterior tendon rupture is an uncom-
mon disorder. The main clinical presentation is an 
atraumatic rupture in a man over the age of 45 
years due to an eccentric loading of a degenerated 
tibialis anterior tendon against a plantar flexed 
ankle. Traumatic injuries occur in a laceration or 
blunt trauma. Pseudotumor at the anteromedial 
aspect of the ankle, loss of the contour of the tibia-
lis anterior tendon, and the use of the extensor hal-
luces longus and extensor digitorum communis to 
dorsiflex the ankle are the physical findings [26].

Peroneal tendon injuries are a common cause 
of pain in the lateral aspect of the ankle. These 
injuries also vary from traumatic situation, like 
after ankle sprain, or degenerative chronic disor-
ders, often in patients with predisposing struc-
tural components such as hindfoot varus, lateral 
ligamentous instability, an enlarged peroneal 
tubercle, and a symptomatic os peroneum. The 
clinical presentation is a patient with pain, weak-
ness with hindfoot eversion, and unstable gait 
[27, 28] (Fig. 39.2).

Fig. 39.2  Peroneal tenosynovitis
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39.2.2	 �Imaging

The diagnosis of these lesions should always 
be based on the patient clinical condition. 
Imaging tests are used to confirm and describe 
these lesions, assisting in the therapeutic deci-
sion. Each exam has its indication and limita-
tion, and in clinical practice they are completed. 
The radiographs are indicated in traumatic 
injuries to search for fractures that may be 
associated. In chronic cases, they can show 
tendinopathy alterations as osteophytosis. The 
MRI is useful for bone and soft tissue disor-
ders. Ultrasonography (US) also can describe 
bone and soft tissue injuries in addition to 
revealing neovascularization in the pathologic 
tendon [20, 21, 29].

39.2.2.1	 �Radiography
Plain radiography is a fast and cost-effective way 
to identify a wide range of joint disorders. It is 
used to diagnose associated or incidental bony 
alteration [14, 20].

In the evaluation of extensor mechanism rup-
tures, the tendon may appear widened and indis-
tinct, and a patellar displacement and avulsion 
fractures can be seen. So in a quadriceps tendon 
tear, the avulsion fragment originates from the 
patellar superior pole, and in a complete tear, 
the patella baja is seen. The opposite happens in 
the patellar tears. The patellar detachment is 
proximal and the avulsion fractures, which often 
are present, occur in the patellar lower pole [21, 
30] (Fig. 39.3).

Pires Albuquerque et  al. [9] described the 
radiographic analysis of tendon tears in the knee 
extensor mechanism. The most prevalent abnor-
mality was suprapatellar osteophytes alone, fol-
lowed by alterations of infrapatellar calcification, 
suprapatellar calcification, and supra- and infrapa-
tellar osteophytes. The most rare abnormality 
seen was the infrapatellar osteophytes alone. This 
alteration can be identified before the tears and 
indicate a prevention measures (Fig. 39.4).

Radiographic of an Achilles tendon tear may 
show Kager’s triangle loss of its regular configu-
ration. When it occurs, calcaneal tuberosity avul-
sion fractures are possible evidence [1].

Fig. 39.3  Proximal patellar detachment in patellar ten-
don injury

Fig. 39.4  Osteophyte suprapatelar in the quadriceps 
tendinopathy
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Osteophytosis is a process of calcification and 
osseous metaplasia that occurs in chronic tendino-
sis. They also can be seen in plain radiography of 
the hip, knee, or foot and ankle with tendinopathy.

39.2.2.2	 �Ultrasonography
US is an important imaging method. It has a good 
cost-effectiveness, does not present a contraindi-
cation of radiation, and can be done in dynamic 
mode. However, the examination is operator 
dependent [14, 24].

Grayscale US is a conventional imaging tech-
nique that can show tendinopathy thickening and 
alterations in the tendon structure. In the tendon 
insertion on the bone, mucoide degeneration may 
be seen. Doppler sonography is another tech-
nique which is able to indicate the presence of 
neovessels in a degenerative tendon area. This 
neovascularization is frequent in patients symp-
tomatic for pain [3].

There are indications of US such as in trau-
matic or non-traumatic and acute or chronic ten-
don injuries. The normal tendons appear 
hyperechoic (bright) on ultrasound although ten-
dinopathy is a hypoechoic area. Rupture can be 
seen as an acoustic vacuum with thick and irregu-
lar edges [1, 24] (Fig. 39.5).

39.2.2.3	 �Magnetic Resonance 
Imaging

MRI is an excellent diagnostic tool to evaluate 
sports-related injuries involving the ligaments, 
tendons, menisci, osseous structures, and articu-
lar surfaces.

Knee disorders are the most frequent indica-
tions for MRI in the lower extremities. Routine 

protocols are sufficient for most pathologies of 
the extensor mechanism. Its integrity is best eval-
uated on T2-weighted sagittal MRI [20, 30, 31].

The quadriceps tendon is a multilaminar struc-
ture. Zeiss et al. [32] described the tendon as con-
joined structure serving all the muscle groups 
combined; the most superficial layer arises from 
the rectus femoris muscle and the deepest layer 
from the vastus intermedius muscle. In this study, 
most tendons were composed by three layers, so 
that the intermediate layer is formed by the vas-
tus lateralis and vastus medialis. Rarely cases 
where the tendon was seen as four thin layers or 
a convergence of all the layers like a single ten-
don band were found.

This laminated configuration is significant in 
the discrimination between partial and full tears. 
Discontinuity of any of these layers is consistent 
with a partial tear, and the insert of the rectus femo-
ris tendon on the patellar superior pole is the most 
common site of disruption. A complete tendon rup-
ture is seen when all layers tear and is associated 
with edematous tissue, hemorrhage, and retraction 
of the proximal fibers. The insertion of the quadri-
ceps tendon at the patella upper pole is the typical 
area of rupture. In chronic overuse injury or tendi-
nopathy of the quadriceps tendon, thickening and 
increased T2 signal are found in the MRI [20, 23, 
31, 32] (Fig. 39.6).

Fig. 39.5  Achilles tendon partial rupture Fig. 39.6  Quadriceps tendon partial rupture
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Unlike the quadriceps tendon, the patellar 
tendon is a solid tendon, and the MRI demon-
strates homogenous low signal intensity, may 
have a convex anterior border, and should always 
have a well-defined posterior border [31]. Yun 
et al. [19] published that the increased signal of 
the proximal patellar tendon on T1-weighted 
image and fluid-sensitive MRI results from 
invaginating fat, vessels, and perivascular con-
nective tissue. It is not pathological but a normal 
and common finding. Jumper’s knee alterations 
in magnetic resonance imaging include a focal 
thickening of the proximal one-third of the ten-
don, an anterior-posterior diameter greater than 
7 mm, and focal T2 hyperintensity located within 
the medial aspect of the tendon, near its patellar 
attachment. Others found indistinct posterior 
tendon border, edema in the adjacent Hoffa’s fat 
pad, and bone marrow edema within the adjacent 
inferior pole of the patella [20, 21, 23, 30, 31] 
(Fig. 39.7).

In chronic or neglected cases, the entire length 
of the patellar tendon may be involved, and the 
MRI shows a fusiform thickening of the tendon 
with altered signal intensity [20].

An acute patellar tear may be partial or full 
thickness. Fluid signal within the expected loca-
tion is an indication of partial patellar tendon 
rupture. In complete disruption, imaging shows 
discontinuity of the patellar tendon, retraction of 
its fibers, hemorrhage that can extend to the 

Hoffa’s fat pad, and edema that can result in 
blurring of the posterior margin of the tendon 
[21, 31].

MRI of the Achilles tendon is useful to eval-
uate the various stages of chronic degeneration 
and in differentiating between peritendinitis and 
tendinopathy because it provides information 
on the internal morphology of the tendon and 
the surrounding structures. In Achilles tendon 
tears, the indications of this study are for preop-
erative planning in ambiguous presentations 
and subacute or chronic injuries [14]. Garras 
et  al. [33] show that in acute Achilles tendon 
ruptures, the physical examination findings 
were more sensitive than MRI, which is time-
consuming and expensive and can lead to treat-
ment delays.

39.3	 �Classification

There are a variety of diseases that are part of the 
spectrum of tendon injuries. These lesions vary in 
relation to their form of presentation, and they 
can be classified according to symptoms, imag-
ing findings, histopathological process, evolution 
of time, causal factor, correlated risk factors, and 
other associated diseases or drugs.

Specific classifications for a given tendinopa-
thy can become classical. However, other classi-
fications, initially described for a condition, may 
be used to describe the pathological process in 
other tendon injuries.

Jumper’s knee classic classification of Blazina 
et  al. [34] as modified by Roels et  al. [35] 
describes four phases of tendinopathy and their 
clinical repercussion in relation to pain and 
impaired performance:

Phase I: pain only after activity
Phase II: pain and discomfort during activity 

but does not interfere with participation
Phase III: pain both during and after participa-

tion, which interferes with competition
Phase IV: complete tendon disruption
Weinstabl et  al. [36] identified four Achilles 

tendon injury categories according to MRI 
findings:

Group I: Inflammatory reaction. Tendon thick-
ening without structural change

Fig. 39.7  Jumper’s knee with partial patellar tendon 
rupture
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Group II: Degenerative change. Thickening of 
the tendon with longitudinally and centrally 
located image changes

Group III: Incomplete rupture. The thickening 
of the tendon with structural changes longitudi-
nally and horizontally including the paratendon

Group IV: Complete rupture, visible disconti-
nuity of the tendon

Based on the same injury categories reported 
by Weinstabl et al. [27], they describe a classifi-
cation to peroneal tendon tears according to US 
and surgical criteria as grade 0 (normal), grade I 
(tendinosis), grade II (partial-thickness tear), or 
grade III (full-thickness tear).

39.3.1	 �About Histopathological 
Process

Tendinopathy is a pathological condition which 
etiology is overhead and overuse. It can cause 
partial injuries or even total tears on the damaged 
tissue. The process can be classified as tendinitis 
or tendinosis. Tendinitis is associated with acute 
lesions, and it is the degeneration caused by 
inflammatory microtears in the tendon tissue due 
to a tensile force too heavy or abrupt. Tendinosis 
occurs when the overload and overuse process is 
continuous, so there is no time for the healing 
response, leading to a collagen fiber degradation 
in a degenerative process. Despite tendinopathy, 
the tendons may suffer abrupt action of an exter-
nal factor, such as a trauma, and suffering com-
plete ruptures [2, 37, 38].

Historically, pain in tendinopathy has been 
attributed to the inflammatory process. However 
chronic tendinopathy does not reveal histopatho-
logical evidence of inflammation. Besides this, 
many intratendineous injuries detected by imag-
ing are not painful. The roles of both the inflam-
mation and the degeneration are a matter of 
debate, and the exact pathogenic mechanism is 
still unknown [3, 7].

Ress et al. [13] report that inflammation plays 
a role only in the initiation, but not in the propa-
gation and progression of the disease process. 
Histologic studies show either absent or minimal 
inflammation, and they generally also show 

hypercellularity, a loss of the tightly bundled col-
lagen appearance, an increase in proteoglycan 
content, and commonly neovascularization. So 
this has been named as a “failed healing response” 
[39].

Maffulli et al. [40] name that the term “tendi-
nopathy” is a generic descriptor of the clinical 
conditions (both pain and pathological character-
istics) associated with overuse in and around ten-
dons. The histological descriptive terms 
“tendinosis” (a degenerative pathological condi-
tion with a lack of inflammatory change) and 
“tendonitis” or “tendinitis” (implying an inflam-
matory process) should be used only after histo-
pathological confirmation.

39.3.2	 �About Evolution of Time

About disease timing, tendon pathology is classi-
fied as acute or chronic. These terms are common 
in the description of orthopedics injuries, and lit-
erature varies widely in their definitions. Flint 
et al. [41] conducted a study of these terminolo-
gies in sports injuries. Particularly concerning 
tendon injuries, the Achilles tendon rupture was 
evaluated. Acute Achilles tendon rupture was 
defined as less than 1 week from injury; chronic 
rupture is defined as greater than 4 weeks from 
injury.

In clinical practice, the definition between 
acute or chronic is more necessary in tendon rup-
tures than in tendinopathy, and it helps in plan-
ning treatment. In acute lesions the primary 
repair of damaged structures is possible, whereas 
in chronic lesions, or neglected ones, it may 
necessitate augmentation or reconstruction pro-
cedures of the damaged tendon.

39.3.3	 �About Causal Factor

The tendon’s function is to transfer the force gen-
erated in muscle contraction to bony structures so 
that the movement occurs. The trauma, direct or 
indirect, on this muscle-tendon-bone unit or 
chronic overload of this structure may be the ten-
dinopathy cause.
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Injuries may be caused by intrinsic or extrin-
sic factors or even by a combination of these. In 
acute tears, the extrinsic factor is predominant, 
but probably, it is associated with previous degen-
eration pathology that reduces tensile strength 
predisposing to rupture [2, 7, 8].

39.3.3.1	 �Traumatic Tears
In the extensor mechanism ruptures, trauma 
plays an important role. Indirect trauma is a result 
of a sudden and eccentric contraction of the 
quadriceps muscle with the foot planted and the 
knee flexed. When compared to direct trauma, 
indirect trauma is twice as common in the quad-
riceps tendon injuries and three times more com-
mon in lesions of the patellar tendon. Indirect 
trauma usually leads to retinacula injuries and 
complete transection of the extensor mechanism, 
resulting in the inability to extend the knee. 
Direct trauma, such as a violent impact on taut 
tendon, may cause isolated rupture or be associ-
ated with complex knee injuries. The injured ten-
don conditions also have an importance in the 
genesis of rupture. Previous degeneration or 
hypovascularity areas can determine spontane-
ous ruptures [12, 23, 42].

39.3.3.2	 �Overuse Injuries
More than half of sports injuries are due to over-
use. Similarly, main tendons of the musculoskel-
etal system are vulnerable to this overload. 
Tendinopathy is correlated with situations when 
there is an increase load on the tendon and its 
insertion, as repeated activity or physical stress. 
Tendon cells experience a great deal of load rep-
etitions developing degenerative alterations and 
tendinopathy. Exercise-induced hyperthermia is 
also harmful to tendon tissue. Hypovascular ten-
don areas are more susceptible to the effects of 
this hyperthermia [1, 6, 13].

39.3.4	 �About Correlated Risk Factors

39.3.4.1	 �Extrinsic Factors
Specific situations can lead to overuse and result 
in tendinopathy. In the sports practice, training 
errors, changes in training routines, increased 

load, and muscle fatigue are extrinsic factors 
examples in tendinopathy genesis. Long dis-
tances, strong intensity, and poor running tech-
nique are correlated with pathology of the 
Achilles tendon. Frequency and intensity of 
training and activities with jumps are risk fac-
tors for patellar tendinopathy. Environmental 
conditions as wrong or defective equipment and 
footwear, cold weather during outdoor training, 
and hard or slanting superficies also are 
described as causal factor of tendinopathy [2, 3, 
14, 22].

39.3.4.2	 �Intrinsic Factors
Intrinsic factors related to tendinopathy include 
genetic predisposition, age, body weight, and 
biomechanical irregularities, such as muscle 
imbalance. Individuals who are older, heavier, 
and male are more likely to develop tendon inju-
ries [2, 6].

Besides age and obesity, dysfunctions of 
gastrocnemius-soleus, pes cavus, marked fore-
foot varus, and lateral ankle instability have also 
been described as risk factors for Achilles tendi-
nopathy. Hyperpronation of the foot is a very 
prevalent alteration in this condition. In patellar 
tendinopathy, intrinsic factors are male gender, 
tall stature, high body mass, and reduced ankle 
dorsiflexion [7, 14, 22].

39.3.5	 �About Other Associated 
Diseases or Drugs

Many diseases are described as risk factors for 
tendon injuries. Chronic renal failure is classi-
cally correlated with the knee extensor mecha-
nism tears. Autoimmune diseases, such as 
systemic lupus erythematosus, also are tendinop-
athy risk factors. In diabetes mellitus, advanced 
glycation end products, which are directly pro-
portional to the level of blood glucose, act on the 
tendons causing degeneration and fibrotic tissue 
formation. Moreover, as well as hypertension, 
diabetes mellitus operates on tendon vasculariza-
tion. The thyroid hormone is correlated with the 
synthesis of collagen. Hypothyroidism is also 
associated with tendinopathy and tendon injuries. 
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In general, conditions that alter the vasculature, 
nutrition, metabolism, and tendon structure will 
lead to tendinopathy [3, 12, 14, 20].

The use of medications also is a risk factor for 
tendon pathology. Balasubramaniam and Prathap 
[43] described tissue necrosis in calcaneal tendon 
of rats only 45  min after the local injection of 
hydrocortisone. It is known that steroids decrease 
collagen and matrix synthesis of the tendon tis-
sue. The anti-inflammatory and analgesic action 
of this drug may mask symptoms of tendinopa-
thy, and the patient continues to put strain on the 
injured tendon [1, 14].

Another kind of medicine that can induce ten-
don lesion is a fluoroquinolone. By inhibiting the 
tendon metabolism, tenocyte proliferation and col-
lagen synthesis are reduced, leading to a mecha-
nism that induces tendinopathy. This degenerated 
tendon can evolve to spontaneous ruptures, par-
ticularly in the elderly population [1, 7, 14, 44].
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40.1	 �Introduction

Despite the physiological adaptation of the tendons 
to different loads [1, 2], tendinopathy is a clinical 
problem of great magnitude, and it is growing in 
terms of prevalence [3]. Tendon injuries including 
tendinopathy represent approximately 50% of all 
sports injuries [3, 4]. The traditional description of 
“tendonitis” as an inflammatory process is now 
obsolete, as several publications [5, 6] have shown 
that the pathological process of the tendon is 
mainly degenerative (tendinosis). This is justified 
by the absence of inflammatory cells, the presence 
of areas of collagen degeneration, myxoid degen-
eration and an increase in ground substance and the 
condition is associated with the failure of the ten-
don repair process [5, 6].

Tendinopathy is characterised by prolonged 
pain and is often activity related. Athletes usually 
respond poorly to most conservative modalities. 
Different pathologies like tendinosis, paratendonitis, 
calcifications or partial ruptures are often found in 
the same tendon. This indicates that there is neither 
a single aetiology nor a single pathogenesis that is 
able to explain the tendon pain [7].

Most tendinopathies in the lower limbs involve 
the Achilles (Fig. 40.1) or patellar tendons 
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a

b

d

c

e

Fig. 40.1  Achilles tendinopathy. (a) Clinical aspect; dif-
ference between the thickened and swollen injured tendon 
(right side, white arrow) and the noninjured tendon (left 
side). (b–e) High-definition ultrasound study; transverse 

(b, c) and longitudinal views (d, e). US images revealed 
considerable thickening of the tendon (white arrows) in 
combination with hypoechoic zones (*)
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(Fig. 40.2) [8]. Different studies [9–11] have 
reported a prevalence of patellar tendinopathy in 
football players of between 3% and 23%, with a 
recurrence rate as high as 20%. A similar scenario 
has been described for Achilles tendinopathy  
[12, 13].

Other tendinopathies in football players 
include the following:

•	 Proximal hamstring tendinopathy, which is 
localised in the lower gluteal area [14]. In 
some cases, an injury to the myotendinous 
union of the hamstring muscles may lead to a 
sciatic nerve irritation that can worsen the 
pain of the tendinopathy [15]

•	 Adductor longus tendinopathy resulting from 
rapid accelerations or decelerations, changes 
of direction and kicking [16]

•	 Injury to the flexor hallucis longus (FHL) 
related to overuse and in some cases related to 
trauma, such as an ankle sprain [17]

Tendinopathy is usually characterised by pro-
gressive tendon pain, tenderness to palpation, in 
combination with articular pain, which leads to the 
recurrent or long-standing impairment of athletic 
performance. A diagnosis can be made by ultra-
sound [18] and/or magnetic resonance imaging.

There are multiple therapeutic options for the 
treatment of tendon injuries [19]. Since the 
underlying pathology of chronic tendinopathy 
can be defined as a “defect healing response”, the 
treatment should aim to stimulate the regeneration 

of the tendon, pain modulation and the restora-
tion of normal biomechanics [19–21].

In this chapter, an update on the current con-
servative treatment of lower limb tendinopathies 
in football players is given.

Conventional conservative treatments have 
been used to reduce pain and inflammation [2, 
10, 19–21]. This treatment includes rest and/or 
activity modification, cold, stretching, braces, 
physiotherapy and biomechanical correction. 
The treatment is usually given in the acute set-
ting. However, these techniques do not restore 
the changes in the ultrastructure of the tendon 
[22–24], because the structuring and maturation 
of collagen fibres require mechanical stress, 
physiological stimulus and time.

40.2	 �Nonsteroidal Anti-
inflammatory Drugs

The aim of nonsteroidal anti-inflammatory drugs 
(NSAIDs) is to reduce inflammation by inhibit-
ing the synthesis of inflammatory factors (inflam-
matory cells, prostaglandins, interleukins and so 
on), and their use has been widespread in the 
management of tendinopathy for years [25, 26]. 
NSAIDs affect the activity of tenocytes and gly-
cosaminoglycan synthesis [26]. A study showed 
that it is possible to block the release of prosta-
glandins by blocking the COX with NSAIDs, 
leading to a decrease in the cellular production of 
PGE2 [26].

Fig. 40.2  High-
definition ultrasound 
image showing patellar 
tendinopathy. 
Substantial tendon 
thickening was 
detected, with a width 
of 9.3 mm and 
hypoechoic zones 
(arrow)
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40.3	 �Glucocorticoids

The literature suggests that the majority of 
patients may experience a short-term improve-
ment in terms of pain and/or function. On the 
other hand, patients will face a high risk of 
relapse at midterm and side-effects that may even 
lead to a tendon rupture [27–29]. In addition, two 
recent systematic reviews reported poorer results 
after the use of glucocorticoids compared with no 
intervention or placebo treatment at medium- and 
long-term follow-ups [28, 29].

Despite the frequent use of corticosteroids to 
treat acute tendinopathies, scientific evidence 
reveals important damage to cellularity and ten-
don structure with these infiltrations [29].

40.4	 �Orthopaedic Support 
Devices

Orthopaedic devices (e.g. braces) are widely 
used in the conservative treatment of tendinopa-
thy. However, there is no evidence to support 
their use [30]. The use of insoles in some cases of 
biomechanical imbalance might have a beneficial 
effect on the outcome of tendinopathies.

40.5	 �Eccentric Exercises

Eccentric exercise programmes have been pro-
posed as a key element of rehabilitation after 
tendon injuries [31–35]. They are supposedly 
able to counteract the response of defect healing, 
by promoting the creation of collagen fibres 
within the tendon [9–12, 25]. The literature 
emphasises the importance of controlled balance 
to load [33, 35].

The “continuum” physiological model pro-
posed by Cook et al. [7] in tendinopathy provides 
a basis for the protocol to be performed depend-
ing on the current clinical presentation. The 
protocol consists of 3 sets of 15 repetitions, per-
formed twice a day, 7 days a week for 12 weeks.

An up-to-date study by Romero-Rodriguez 
et  al. [35] demonstrated that eccentric overload 
using isoinertial training devices (Yoyo™) 

produces improved muscle function and pain 
reduction in patients with patellar tendinopathy.

40.6	 �Extracorporeal Shock Wave 
Therapy

Several clinical trials have evaluated the use of 
extracorporeal shock wave therapy (ESWT) for 
the treatment of patients with chronic tendinopa-
thy, but the results have been inconsistent [36–
40]. Multiple variables are associated with this 
therapy [41]:

•	 Type of shock wave generator (electrohydrau-
lic, electromagnetic or piezoelectric)

•	 Wave type (radial or focal)
•	 Intensity (total energy per shock waves/

session)
•	 Frequency
•	 Protocol of application and repetitions

One of the important effects of ESWT on 
tendinopathy that can produce an analgesic 
effect is the inhibition of nociception with the 
release of endorphins and an increase in the per-
meability of the cell membranes of neurons 
[40]. Evidence of the effectiveness of ESWT in 
the treatment of tendinopathy is inconsistent 
[38]. However, it is widely used after sports 
injuries. It appears that the combination of treat-
ments may have a synergistic effect and lead to 
better results [40, 42]. A recent study revealed 
better results by combining ESWT and eccen-
tric exercises than those obtained with eccentric 
exercises alone [42].

40.7	 �Sclerosing Injections

Based on the theory that neovascularisation is 
frequently observed in tendinopathies [43], the 
use of polidocanol (a vascular sclerosing agent) 
has been proposed [44]. Polidocanol is used to 
sclerose areas of increased intratendinous blood 
flow, which is sometimes called “neovasculari-
sation”. This can be observed [43] using high-
resolution ultrasound with Doppler colour. 

P.E. Gelber et al.
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Some studies have reported beneficial effects 
from the use of polidocanol for patellar tendi-
nopathy, tennis elbow or Achilles tendinopathy 
[44–46].

40.8	 �High-Volume Image-Guided 
Injection (HVIGI)

High-volume image-guided injection (HVIGI) is 
based on the injection of large volumes of saline 
solution, corticosteroids or anaesthetics that 
make the neovessels stretch, break or occlude 
[47, 48]. This occlusion or interruption of the 
neovessels may also affect their accompanying 
innervation [49, 50].

HVIGI with aprotinin produced a significant 
improvement in both pain and function in a 
12-month short-term follow-up [50].

40.9	 �US-Guided Intratendon 
Application of Galvanic 
Current

In recent years, the ultrasound-guided intraten-
don application of galvanic current (Fig. 40.3) 
has been introduced. One of these techniques is 
intratissue percutaneous electrolysis (EPI®), 
which has become more relevant in the scientific 
literature [51–53], given the good results pro-
duced in the treatment of refractory tendon inju-
ries in comparison with other previous 
nonsurgical treatments.

The application of ultrasound-guided intratis-
sue percutaneous electrolysis produces a non-
thermal electrochemical reaction centred on 
degenerated tissue (tendinosis). This produces a 
controlled local inflammatory reaction that may 
lead to the regeneration of damaged tissue [52]. 
Intratissue percutaneous electrolysis produces a 
localised organic reaction. The subsequent regen-
eration of the affected tissue is followed by the 
production of new immature collagen fibres that 
become mature by means of eccentric stimulus 
[51, 53]. This has shown beneficial effects in the 
short and long term in terms of pain and 
function.

40.10	 �Platelet-Rich Plasma

Injections of platelet-rich plasma (PRP) have 
been used for the treatment of tendinopathy (Fig. 
40.4). The aim of PRP treatment is to provide cel-
lular and humoral mediators to induce healing in 
areas of degeneration [54]. PRP is a widespread 
treatment option for the treatment of chronic ten-
don injuries, and its beneficial effects have been 
demonstrated in several studies [55–58].

A recent experimental study showed that the 
use of PRP in tendinopathy produced an increase 
in fibroblasts and bone marrow stem cells. Cell 
proliferation was twice as high, and the PRP-
treated group also showed a significant increase 
in type I and III collagen when compared with 
the control group [57]. Another in vitro study in 
humans showed that, following the application 
of PRP, there was increase in cellular prolifera-
tion, collagen production in tenocytes, an over-
expression of the receptor of vascular endothelial 

a

b

Fig. 40.3  (a) High-definition ultrasound during intraten-
don application of galvanic current. The arrow shows the 
hyperechogenic image produced by the 0.3  mm needle 
during the galvanic current flow. (b) Clinical application. 
Galvanic current device (*) and a 0.3 mm needle (arrow). 
A US device (#) during the procedure improved the accu-
racy and effectiveness of the technique
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growth factor-A (VEGF-A) and an increase in 
the concentration of transforming growth factor 
beta (TGF-B), indicating an increase in the pro-
duction of type I and III collagen [58]. Despite 
these experimental findings, the huge differences 
between different techniques for preparing PRP 
should be highlighted [59]. This leads to differ-
ent volumes and concentrations of platelets, pre-
activated or non-preactivated preparations, the 
presence of leukocytes and differences in the 
number of injections and the exact interval 
between injections [59]. With the current 
research, it is difficult to draw conclusions about 
the effectiveness of PRP treatment for tendinop-
athy [60].

40.11	 �Others Modalities

Other proposed treatments, such as ultrasound 
(US), deep transverse friction massage (DTFM) 
or acupuncture [31, 61, 62], have reported disap-
pointing and widely questioned results. Finally, it 
has recently been proposed that adult stem cells 
would be good candidates for the regeneration of 
tendons [63]. It has been suggested that they dif-
ferentiate into tenocytes and that they would sub-
sequently be involved in the healing process by 
producing collagen and remodelling the extracel-
lular matrix. Although in vitro research has pro-
duced encouraging results, this form of treatment 

is still the subject of research, and its clinical ben-
efits remain uncertain.

Considering the various conservative treat-
ment options that are available, an algorithm for 
the nonsurgical treatment of lower limb tendinop-
athies in football players is suggested (Fig. 40.5).

40.12	 �Discussion

Multiple techniques have been described for the 
treatment of lower limb tendinopathies/tendinosis 
and, although some of them [19, 51] are emerging 
as the most accepted treatment option, more ran-
domized controlled trials (RCTs) are still needed 
clearly to establish the treatment protocol that is 
preferable. Although the authors suggest a treat-
ment algorithm, there is insufficient evidence from 
high-level RCTs to draw any strong conclusions.

Doubts have mainly centred on the fact that 
there are few controlled prospective studies that 
analyse all the aspects of tendinosis and few stud-
ies that investigate the early stages of these pro-
cesses and their healing mechanisms [5–7]. The 
exact mechanism by which tendinopathy devel-
ops in humans is not yet clearly understood. 
Despite its prevalence, the precise pathogenic 
mechanisms of tendinopathy are not clear [64].

One of the clinical effects that eccentric train-
ing might have in tendinopathy relates to pain 
modulation [32]. However, there is little evidence 

a b

Fig. 40.4  Ultrasound-guided application of PRP (arrow) in a patellar (a) and in an Achilles tendon (b). Using a 
US-guided (#) technique allows for a more accurate placement of the PRP into the tendons (*)
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to suggest that isolated eccentric exercise reduces 
pain in tendinopathy compared with concentric 
exercise.

In the treatment of patellar tendinopathy, there 
is conflicting evidence that eccentric exercises 
are superior to other load programmes, such as 
eccentric-concentric exercises [65–67]. Eccentric 
work on an inclined plane did not improve func-
tional outcomes when it was performed during a 
competitive season in volleyball [66]. In another 
study, continuous sporting activity did not 
compromise clinical outcomes at 12 months, as 
long as the sport was introduced incrementally, 
ensuring minimal pain during and after loading 
[67]. Further studies are needed to assess the 
unique effects of an eccentric strengthening pro-
gramme. Eccentric loading should be considered 

in conjunction with concentric loading, rather 
than isolated eccentric loading, in Achilles and 
patellar tendinopathy. Patients with substantial 
muscle weakness may benefit from a programme 
of progressive eccentric-concentric loading [65]. 
On the other hand, maximum eccentric loading 
may be best for some groups of patients, as it 
enables adaptive changes in the tendon [34, 35].

Despite the fact that eccentric muscle training 
has become the dominant conservative strategy 
in treating Achilles and patellar tendinopathy, 
with great results in the majority of cases, some 
patients do not respond to this treatment [66].

Despite more than 15 years’ experience of the 
use of intratissue percutaneous electrolysis and 
its widespread deployment in sporting clubs 
around the world, this technique has only become 

TENDON PAIN
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Exclude rupture

DEGENERATIVE PROCESSINFLAMMATORY PROCESS
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- Reduce pain

- Enhance biomechanics
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- Activity modifications
- Prevention education

- Reduce swelling
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Fig. 40.5  Conservative management algorithm for lower limb tendinopathies
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popular in recent years [51–53]. While this tech-
nique focused on biological tissue recovery, com-
plementary functional and biomechanical 
recovery was obtained with eccentric exercise.

In terms of the effectiveness of ESWT for ten-
donitis, no conclusive results can be drawn, due 
to unclear clinical effectiveness [68, 69]. This is 
consistent with a recent study that showed that 
ESWT had no effect in athletes with patellar ten-
dinopathy who compete actively [38]. There is 
currently controversy relating to the use of ESWT 
in the treatment of patellar tendinitis [38, 41], as 
well as Achilles tendinopathy [69]. The mecha-
nisms of the therapeutic effect of ESWT in tendi-
nopathy with calcification are also uncertain [40].

When using PRP, the aim is to enhance the 
natural healing process at the site of injury through 
the action of growth factors (PDGF, IGF-1, 
VEGF, bFGF, TGF-β1, EGF and so on) to pro-
mote matrix synthesis and the healing of the 
injured tissue [54–56, 70]. It should be noted that 
the delicate balance between these cytokines 
might have important implications in the control 
of angiogenesis and fibrosis.

Although many studies have reported good 
results using PRP [54–58, 71, 72], others have 
shown no differences in comparison with a pla-
cebo [73]. At the same time, many questions have 
been raised about the optimal concentration of 
platelets, the phase of the injury during which is 
it better to perform the infiltration or how it 
should be prepared.

The use of polidocanol is based on the theory 
that neovascularisation is associated with the 
mechanism underlying tendinopathy [43, 44]. 
However, it is unclear whether this is a causal 
agent in the pathophysiology of tendinopathy 
[6, 7]. In fact, these “neovessels” may be asso-
ciated with the ingrowth of nerves in the areas 
of pathological tendons [43], and it is possible 
that these nerve fibres are the pain generators 
in chronic tendinopathy. A priori, polidocanol 
injections may not only sclerose the veins but 
may also eliminate the pain nerve fibres [44, 45]. 
Although polidocanol injections appear to pro-
vide pain relief, the role they may play in the 
ultimate tendon healing is unclear. Some stud-
ies associating sclerosing injections with eccen-

tric training have shown a decrease in pain [45]. 
Nonetheless, further studies are needed to evalu-
ate its safety (possible nerve damage), effective-
ness, determination of the injection protocol 
(volume/concentration) and the combination 
with other therapies.

Some authors advocate the use of HVIGI in 
treating refractory tendinopathy [47, 48, 50], but 
more randomised controlled trials are needed in 
order to recommend its use.
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41.1	 �Introduction

A stress fracture is, by definition, a partial or 
complete solution of continuity in the bone, 
which results from excessive repeated loads at 
submaximal intensity, resulting in greater bone 
reabsorption without equivalent bone ingrowth.

For the correct understanding of the stress 
fractures, it is necessary to acknowledge the bone 
biology and its response to stress forces. Bone is 
a dynamic tissue, which reacts to shear and com-
pression forces, leading to bone transformation 
according to Wolff’s Law in a constant remodel-
ing and turnover process. It is the disturbance in 
the equilibrium between bone resorption and 
regeneration that leads to injury.

A stress fracture was first described by 
Breithaupt [1] in 1855, as an overuse fracture 
seen in military recruits. Soldiers reported plantar 
pain and edema following long marches. In the 
athletic population, the first clinical description 
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was given by Devas [2] in 1958, based on the 
results of plain X-rays, correlating the radiologi-
cal patterns with the pain and impairment.

Stress fractures are among the most common 
overuse injuries in physically active individuals 
[3, 4]. These bone injuries can affect almost any 
bone, although the vast majority of these frac-
tures (up to 95%) will occur in the lower extrem-
ity [5, 6]. The most common locations for stress 
fractures include the tibia, metatarsals, fibula, 
and navicular bones; less common locations 
include the femur, pelvis, and sacrum.

It is essential to perform an early and accurate 
diagnosis, because it will be critical to promptly 
assess the patient, minimize the period of recovery, 
optimize athlete performance, and prevent injury 
relapse. High-risk stress fractures are particularly 
important to diagnose (i.e., tension side of femoral 
neck, tarsal navicular, and base of the fifth metatar-
sal) mainly because of their long recovery period.

Football injuries are commonly divided into 
traumatic injuries with an acute onset and over-
use injuries with a gradual onset [7, 8]. Stress 
fractures in football players are particularly dif-
ficult to diagnose and treat, because of the speci-
ficity of the modality and unique psycho-bio-social 
characteristics of the football player.

The most prevalent site of stress fractures in 
football remains in the lesser metatarsal [9, 10].

41.2	 �Pathophysiology

Stress fractures can be divided in insufficiency 
fractures and fatigue fractures. Insufficiency frac-
tures occur when a normal deforming force is 
applied to the bone with low elastic resistance (i.e., 
osteoporotic fractures). In contrast, fatigue frac-
tures occur when the bone suffers an exacerbated 
and repeated or cyclic deforming force, although 
maintaining its normal elastic resistance.

Intrinsic bone factors that affect the risk of stress 
fracture include porosity, mineralization, density, 
trabecular and cortical architecture, and fatigue 
microdamage, which reduces the elastic modulus.

There are various theoretical models justify-
ing the occurrence of stress fractures. Bennell [9] 
proposed two different models to explain the 
appearance of specific fractures. The primary 

microdamage hypothesis: particular bone sites 
are maximally stressed, and injury occurs when 
microdamage is too extensive to be repaired by 
normal remodeling. Conversely, the primary 
remodeling hypothesis is based in an accelerated 
bone remodeling, secondary to genetic factors, 
bone strain arising from exercise, systemic or 
reproductive hormones influence, and poor 
dietary intake. Since osteoclastic resorption 
always precedes formation in the remodeling 
process, microdamage may occur at these focal 
areas of weakness; when the bone is stimulated to 
submaximal forces, the remodeling process is 
accelerated, exposing the athlete to temporary 
periods of local weakness. The fracture will 
occur when muscle and tendon forces exceed the 
level of bone resistance. Other theories are based 
on mechanical factors as rapid load changes or 
pressure/area changes [11] and negative catabo-
lism due to insufficient dieting [12].

Knowledge of the pathophysiology of bone is 
essential to understand the multifactorial etiology 
of overuse fractures that include biomechanical, 
hormonal, nutritional, and genetic factors. 
Attention should be paid to the identification of 
these factors in an attempt to prevent this type of 
injury in athletes.

Female athletes may present higher predispo-
sition for a stress injury because of their unique 
hormonal environment, and other anatomic and 
gender factors [10, 13, 14].

41.3	 �Epidemiology

Stress injuries are common among athletes and 
military recruits, accounting for approximately 
10% of overuse injuries [3].

A number of series of stress fractures among 
athletes have been described in the literature, but 
only several reports have described in detail the 
distribution of stress fractures of the upper and 
lower extremities and trunk. These studies have 
generally shown that the tibia is the most common 
site of stress fractures, followed by the metatarsal 
and tarsal bones [15–18]. Running activities, 
especially track and distance running, have been 
the most common sporting activities that have 
resulted in stress fractures [16, 19].
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These injuries are more frequent in the lower 
extremity and often related with intrinsic factors 
such as age, gender, bone alignment, hormonal 
and nutritional, and bone density and also with 
extrinsic factors (training, type of shoes, type of 
modality) [20].

Approximately, 69% of stress fractures occur 
in runners, although their incidence is not negli-
gible in football players. Aitken et al. [21] pre-
formed an epidemiologic study describing the 
characteristics of all sports-related fractures; 
football was the first sports activity causing trau-
matic bone fractures and accounted for 35.5% of 
sports-related fractures. In contrast, stress frac-
tures in elite footballers show low prevalence 
representing only 0.5% of all injuries. Ekstrand 
study group [8] evaluated prospectively 2379 
male football players (54 professional football 
teams) between 2001 and 2009 and determined 
an incidence of stress fractures of 0.04/1000 h of 
football exposure, meaning that an elite team 
with 25 players in their main squad can expect 
one stress fracture every three seasons. In the 
same study, the majority (78%) of stress fractures 
in elite football players will affect the fifth meta-
tarsal bone. Additionally, it seems there is a 
higher risk of developing stress injury during pre-
season training period and that younger players, 
with juvenile bone structure, are more exposed to 
stress lesions.

It has been suggested that the sites of occur-
rence of stress fractures in athletes are activity 
related and that specific anatomical sites are 
endemic to certain sports [18, 22–27]. The repeat 
injury mechanism in football involves rapid 
changes in direction and rapid acceleration, and 
de-acceleration movements may be the cause of 
high-energy bending momentum applied to the 
fifth metatarsal.

41.4	 �Risk Factors

Armstrong [28] in 2004 was the first to compare 
military men and women with stress fracture to unin-
jured controls matched by gender, age, body mass 
index (BMI), and preadmission aerobic physical per-
formance and identified sustained negative energy 
balance as a major risk factor for stress fracture 

injury, leading to increased muscular fatigue, reduced 
bone collagen synthesis, and reduced muscular sup-
port of the long bones of the lower extremity in 
recruits. The most common site of stress fracture was 
the tibia, and female gender experienced a higher 
relative incidence of stress fractures, probably to 
concomitant hypoestrogenic state [29, 30].

Other studies [13, 31, 32] showed that the 
osteoporosis seen in the female athlete triad is a 
consequence of endothelial dysfunction, and it is 
related with cardiovascular effects, stress frac-
tures, and musculoskeletal injuries. Female ath-
letes presenting with a stress fracture should 
always be evaluated for female athlete triad.

Bennell [33, 34] analyzed the ground force 
reaction during running and concluded that phys-
ically active males with smaller bones and less 
resistance to bending moments are at greater risk 
of stress fracture than those with larger bones and 
greater resistance. However, in females this cor-
relation is not linear and may indicate that other 
risk factors are more important in women.

Intrinsic risk factors include mechanical fac-
tors such as bone density, skeletal alignment, and 
body size and composition; physiological factors 
such as bone turnover rate, flexibility, and mus-
cular strength and endurance; as well as hor-
monal and nutritional factors [35]. Extrinsic risk 
factors include mechanical factors such as prac-
tice surface, footwear, external loading, and 
physical training parameters [36].

Fujitaka [37] conducted a longitudinal study to 
examine the physical characteristics and environ-
mental factors associated with college football 
players who sustained a fifth metatarsal stress  
fracture. In the injury group, toe grip strength was 
significantly weaker than that in the noninjury 
group. In addition, the logistic regression analysis 
suggested that toe grip strength might be associ-
ated with fifth metatarsal stress fracture injuries. 
There was a significantly higher frequency of fifth 
metatarsal stress fracture injuries affecting the 
nondominant leg compared with the dominant leg.

Although stress fractures result from repeated 
loading, the exact contribution of training factors 
(volume, intensity, surface) has not been clearly 
established [3–6, 9, 38]. From what we do know, 
menstrual disturbances, caloric restriction, lower 
bone density, muscle weakness, and leg length 
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differences are risk factors for stress fracture 
(Fig. 41.1).

41.5	 �Clinical Presentation

The clinical onset of a stress fracture is character-
ized by progressive tenderness, which in an early 
stage may be indolent and purely neglected, only 
appearing after escalade in training intensity and 
frequency. Typically, there is an insidious onset 
of activity-related pain. Continuing exercise, the 
pain may well become more severe or occur at an 
earlier stage of the sports practice [1]. Often, the 
athlete has a history of an increase or change in 
the training pattern. Vague symptoms can lead to 
delayed diagnosis, increase of complications, 
impairment, and sub-achievement [39, 40]. As 
the stress reaction progresses to stress fracture, 
the symptom may turn to persistent pain even 
during ambulation.

History of the patient’s pain and its relation to 
exercise is very important to determine the pres-
ence of predisposing factors. On physical exami-
nation, the most obvious feature is localized bony 
tenderness. Occasionally, redness, swelling, or 
periosteal thickening may be present at the site of 
the stress fracture. Special tests such as the hop 
test, fulcrum test, and hyperextension test should 
be performed as indicated by the suspected site. 
The diagnosis of stress fracture is primarily a clin-

ical one; however, complementary exams will be 
needed to confirm the injury. Various imaging 
techniques can be used to confirm the diagnosis 
and in the majority of stress fractures, there will 
be no obvious abnormality on plain radiograms.

41.6	 �Diagnosis and Grading

Diagnosis of stress fractures is a difficult task; it 
takes clinical presumption, and despite positive 
clinical exam signs, complementary exams are 
mandatory. The main quest is to determine the 
severity and prognosis of the injury [41].

Imaging modalities, including radiography, tri-
ple-phase technetium 99 m polyphosphonate bone 
scanning, magnetic resonance imaging (MRI), 
computed tomography (CT), thermography, and 
tuning forks, have been used to diagnose and eval-
uate stress fractures. Despite the recent advances 
in diagnostic musculoskeletal ultrasound, its use 
for stress fracture diagnosis is limited. However, 
the relative ability of each modality to aid in the 
distinction of injury severity and prediction of 
recovery has not been comprehensively addressed. 
Radiography has been shown to have low sensitiv-
ity in the acute phase of bone stress injury, but it is 
commonly ordered to rule out other abnormalities. 
Technetium bone scanning historically has been 
considered the reference standard in the diagnosis 
of bone stress injury; however, specificity can be 
low, and positive findings in asymptomatic loca-
tions, including positive in athletes considered to 
be functionally healed, can be clinically mislead-
ing. MRI is increasingly recognized to have high 
sensitivity and specificity for bone stress injury, 
owing to its ability to depict subtle edema [42]. 
Reports of diagnosis of stress fracture with CT 
have also appeared in more recent literature; how-
ever, this modality is used less frequently in clini-
cal practice. While bone stress injury grading 
systems have been reported for radiography, tech-
netium bone scanning, MRI, and CT, their relative 
relationship to healing time has not been estab-
lished (Fig. 41.2).

There is a negative relationship between clinical 
severity and time to healing as was the relationship 
between clinical severity and imaging severity. 

Fig. 41.1  Bone tenderness in the base of the fifth 
metatarsal
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Clinical and pain assessment is an unreliable 
marker of healing, and follow-up MRI and symp-
tom resolution may be indicated to guide recom-
mendations for the return to training.

The use of MRI evaluation allows the precise 
assessment of a repetitive injury to bone by allow-
ing a more accurate diagnosis and the severity at 
MRI, and time to healing suggests the MRI grad-
ing system may have predictive utility (Fig. 41.3).

Arendt study group [43] showed MRI evalua-
tion had predictive value in estimating the dura-
tion of disability, by defining a low grade of stress 

fracture (i.e., grade 1 and 2) and a high grade of 
stress fracture (i.e., grade 3 and 4). This grading 
system might have direct implications in the man-
agement of stress fractures, allowing more indi-
vidualized treatment for the elite athletes [13].

The classification of stress fractures as high 
risk or low risk is important in the management 
of such injuries [17, 32, 44, 45]. Regarding prog-
nosis and optimal treatment of a stress fracture 
cannot be answered without knowing its location, 
the extent of the structural damage, and the pres-
ence or absence of nonunion. High-risk fractures 

RT RT

DORSAL PLANTAR

Fig. 41.2  Bone scan 
presenting stress fracture 
in the base of the fifth 
metatarsal bone

Fig. 41.3  MRI presenting proximal femur stress fracture in a male football player
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include those likely to progress to complete frac-
ture, delayed union, or nonunion, those that 
require surgical repair, those that require assisted 
weight bearing or non-weight bearing, and those 
occurring on the tension side of the natural bio-
mechanical axis. The sites for high-risk fractures 
include the fifth metatarsal, the anterior tibia, the 
tarsal navicular, the femoral neck (tension side), 
the patella, the medial malleolus, the talar neck, 
and the first metatarsal sesamoids.

Fractures with a favorable natural history, 
those that respond well to nonsurgical manage-
ment, those that allow for unassisted weight bear-
ing, and those that occur on the compression side 
of the natural biomechanical axis are considered 
low risk [46]. Sites for low-risk fractures include 
the femoral shaft, the medial tibia, the fibula, the 
ribs, the ulnar shaft, the calcaneus, and the first 
through the fourth metatarsals [47].

Among the most frequently used system is the 
Fredericson grading system for tibial stress frac-
tures using MRI. The Fredericson grading system 
[48] defines a grade 1 injury as periosteal edema 
only, a grade 2 injury as bone marrow edema vis-
ible on T2-weighted images only, a grade 3 injury 
as bone marrow edema visible on both 
T1-weighted and T2-weighted images, and a 
grade 4 injury as intracortical signal abnormali-
ties (Table 41.1).

41.7	 �Current Treatment Options

41.7.1	 �Nonoperative Treatment

Often the treatment of most stress fractures is 
relatively straightforward and includes decreas-
ing activity and training intensity and sometimes 
weight bearing restriction or immobilization. 
However, patients presenting with high-risk 
stress fractures, such as displaced femoral neck 
stress fractures and fifth metatarsal base stress 
fractures, are more likely to have complications 
such as nonunion and will need surgical treat-
ment [29, 47, 49, 50].

A two-phase protocol described by Andrish 
[51] can be safely implemented for the treatment 
of most low-risk stress fractures. Phase 1 begins 
with pain control provided via ice, massage, 
physical therapy, and oral analgesic medications. 
The use of nonsteroidal anti-inflammatory drug 
(NSAIDs) should be avoided due to its potential 
adverse effect and delay on bone healing. Weight 
bearing as tolerated is allowed for daily activities, 
but participation in sports should be discontin-
ued. Walking boots can be provided for athletes 
who are unable to ambulate without pain.

Minimal-impact aerobic activities (using 
elliptical devices, cycling, pool running, and 
antigravity treadmill) can help maintain cardio-
vascular fitness. Phase 2 begins when the 
injured athlete has been pain-free for 
10–14  days. One week after the resolution of 
focal bony tenderness, running may be resumed 
at half the usual pace and distance and should 
gradually be increased, allowing running to the 
pre-injury level over 3–6 weeks under medical 
supervision.

The progression and type of exercise should 
be individualized and dictated by the patient’s 
pain level. To prevent progression to full fracture 
and associated complications, complete healing 
must be confirmed by complementary exams 
before the athlete returns to play. Antigravity 
treadmill is an emerging technology that may be 
used for the management of bone stress injuries. 
Antigravity treadmills provide adjustable body 
weight support and may promote fitness for indi-
viduals performing exercise in a hypogravity 

Table 41.1  Stress fractures MRI grading system [43]

Grade
Radiographic 
finding

Bone scan 
finding MRI finding

1 Normal Poorly 
defined area

Increased 
activity on 
STIR image

2 Normal More intense Poor definition 
on STIR and 
T2-weighted 
images

3 Discrete line Sharp area of 
uptake

No focal or 
fusiform 
cortical break 
on T1- and 
T2-weighted 
images

4 Fracture or 
periosteal 
reaction

More intense 
localized 
transcortical 
uptake

Fracture line 
on T1- and 
T2-weighted 
images
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environment and have potential applications in 
the recovery from injury or surgery [40]. Further 
investigations are needed to determine the exact 
physiologic effect of hypogravity environment in 
healing stress fractures and its effect on clinical 
outcomes.

Pulsed ultrasound, extracorporeal shock wave 
therapy, and capacitive electric fields (also known 
as bone stimulators) [40] are noninvasive tech-
niques applied to stress fractures to promote heal-
ing and fasten recovery. Pulsed ultrasound is 
thought to work by inducing aggrecan and proteo-
glycan synthesis in chondrocytes, thus leading to 
increased endochondral ossification. Extracorporeal 
shock wave therapy is thought to work by inducing 
healing via causing periosteal detachment and 
microfractures of the trabeculae. An electric field is 
known to promote bone formation in  vitro and 
in vivo which is the working theory behind capaci-
tative electric field devices. Additional high-quality 
studies are needed to clarify the clinical effects of 
such emerging technologies.

41.7.2	 �Surgical Treatment

Factors such as the site of the fracture, a higher 
grade of fracture, and competitive participation 
requirements determine whether surgery is the 
initial treatment of choice, although indication 
for operative intervention is not consensual.

Management of high-risk fractures should be 
more aggressive. Depending on imaging results, 
most of these require prompt surgery, otherwise 
several weeks of non-weight-bearing immobili-
zation and rehabilitation, with high risk of dis-
ability and delayed return to sports.

A subset of stress fractures can present a high 
risk for progression to complete fracture, delayed 
union, or nonunion [44, 52]. Specific sites for this 
type of stress fracture are the femoral neck (ten-
sion side), the patella, the anterior cortex of the 
tibia, the medial malleolus, the talus, the tarsal 
navicular, the fifth metatarsal, and the great toe 
sesamoids. Tensile forces and the relative avascu-
larity at the site of a stress-induced fracture often 
lead to poor healing. Therefore, high-risk stress 
fractures require aggressive treatment.

Begly study group [53] analyzed elite basket-
ball professional players with stress fractures in 
the base of the fifth metatarsal bone and con-
cluded that despite the success of operative man-
agement, elite athletes are at an increased risk of 
treatment failure likely because of the unique 
strenuous stresses placed on the metatarsal dur-
ing sport and external demand do early return to 
play. Nineteen percent of the players in this study 
experienced a recurrence of their injury, and 12% 
underwent a second procedure. The use of larger 
4.5  mm screws in patients with higher BMIs, 
screw exchange, functional bracing, shoe modifi-
cations, and the use of alternative imaging in 
fracture follow-up have all been proposed as 
methods to help prevent and manage injury recur-
rence. There are improved rates of union and 
decreased complication rates and shorter time to 
return to play in athletes treated operatively com-
pared with those treated nonoperatively. Those 
players who did return to play did not experience 
a decrease in performance compared with their 
pre-injury statistics nor compared with matched 
controls.

Chuckpaiwong [34] recommends operative 
treatment for Types 2 to 3 fractures according to 
the classification of Torg [11] for fifth metatarsal 
fractures, in athletically active patients, and frac-
tures that fail to unite with appropriate nonopera-
tive treatment. This study also suggests that 
radiographic sclerosis of the fracture site or oblit-
eration of the medullary canal has a negative 
influence on surgical outcome.

Delee [54] reports that prolonged healing time 
and the risk of refracture following conservative 
treatment demand operative treatment including 
bone grafting of these fractures. An axial intra-
medullary screw, inserted without opening the 
fracture site, was used in ten athletes with stress 
fractures of the fifth metatarsal. Union was 
obtained in all patients in an average of 7.5 weeks. 
All patients returned to their sports in an average 
of 8.5 weeks postoperatively (Fig. 41.4).

Granata and Roche [55, 56] suggest that intra-
medullary screw fixation for Jones-type fifth 
metatarsal fractures in high-demand athletes may 
be best achieved by maximizing the screw size 
and strength. Selecting large screws that resist 
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fatigue bending may be beneficial in reducing the 
refracture rate for this specific cohort of high-
demand patients. Kerkhoffs [69] concluded that 
the majority of the fifth metatarsal fractures are 
stress fractures and mainly occur among young 
players. There are frequent healing problems, 
which might be explained by the stress nature of 
the injury, and with surgical treatment there are 
less healing problems, compared with those in 
conservative treatment. Mallee [18] preformed a 
systematic review to compare surgical and con-
servative treatment for high-risk stress fractures 
of the lower leg on return to activity, work, and 
sport; it remains unclear which option is most 
effective, but there are unsatisfying outcomes of 
conservative therapy in the anterior tibia. For the 
navicular, surgery provided an earlier return to 
sport [12, 18, 58–60], and when treated conserva-
tively, weight bearing should be avoided [27]. 
For the fifth metatarsal, surgery provided the best 
results [18, 57, 61].

Surgical excision of the avulsed fragment 
from the proximal fifth metatarsal is a safe and 
effective alternative intervention when nonopera-
tive methods fail [62].

41.8	 �Return to Sports

The return-to-play decision is based on the pat-
tern, localization, and risk of the fracture [7, 57, 
63]. The time to recover from a tibial stress injury 
has been reported to be between 4 and 20 weeks 
[53], suggesting that differences in injury sever-

ity can be considerable. In professional football 
these injuries can cause considerable problems 
for the individual players and the team. Because 
the healing time is long, these injuries normally 
result in 3–5 months of absence from football. It 
is mandatory to perform a clinical and thorough 
evaluation, as well as image control before the 
athlete restarts full activity.

Re-injury rate is not despicable, this rate is 
especially high for pelvic and tibia stress frac-
tures and lower for fifth metatarsal. Re-injuries of 
stress fractures caused significantly longer 
absences than non-re-injuries [8].

41.9	 �Future Trends

There is limited research assessing stress frac-
tures and other overuse injuries in football. It 
seems stress fractures are rare in professional 
men’s football, but, when they occur, they cause 
long absences. Female players, younger age, and 
intensive preseason training appear to be risk fac-
tors. The change of load is the most probable 
explanation of stress fractures in male footballers, 
but insufficient caloric intake and hormonal dis-
turbances could be a confounding factor. Further 
studies are needed to evaluate the possible mech-
anisms behind stress fractures in football.

The effectiveness of injury prevention pro-
grams in older players is promising. Therefore, 
targeted and effective injury prevention programs 
for younger players should be developed and 
validated [64, 65].

Fig. 41.4  X-ray base of fifth metatarsal fracture in a male football player (before and after surgery)
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Regimens of bisphosphonates and vitamin D 
supplementation seem to have a beneficial effect 
for high-performance athletes. An optimal bone 
metabolism with sufficient daily calcium and 
vitamin D intake is crucial and should not only be 
strived for the professional but also for the recre-
ational athlete [66, 67].

A recent prospective, randomized control trial 
[68] showed promising results using concentrated 
blood and blood marrow aspirate additionally to 
surgical repair with effective higher recovery rates 
and better functional outcomes.
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42.1	 �Introduction

The apophysitis is a wide and heterogeneous 
family of clinical conditions characterized by an 
often chronic and overuse mechanical stress to 
any apophysis of a generally immature skeletal 
system. These conditions, typical of a growing 
skeletal system, lead to a decrease of function of 
the affected body part due to the mechanical dis-
ruption of the over-mentioned structures. In foot-
ball players the most frequent conditions of this 
family are those related to the lower limb. The 
Osgood-Schlatter (osteochondrosis of the ante-
rior tibial tubercle (ATT)) disease is one of the 
most frequent apophysitis affecting the young 
football player. Additionally, the pubic apophysi-
tis due to repeated stress on the proximal adduc-
tor insertion is often forgotten and can be the 
underlying reason (in some cases) for the chronic 
symptomatology of the young football player 
with groin pain [1].

This chapter aims to present an overview of the 
problem of apophysitis in football, an often over-
looked problem by the scientific community.

42.2	 �The Aetiology of Lower Limb 
Apophysitis

Overuse injuries can affect multiple parts of a 
young athlete’s body including the physis and the 
tendons. The bone is growing through the growth 
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plate that makes them susceptible to repetitive 
microinjuries in the high phases of growth but 
also at the extremity of the bones where the pow-
erful muscle tendon units are attached. In the 
growing child/adolescent, this particular area 
becomes very prone to inflammation as a result 
of repetitive avulsion micro-traumas leading to 
an inflammatory stage at the tendon insertion/
growth plate [2].

The musculotendinous units and their inser-
tions into the bones are the most important factor 
in the development of pain in the young athlete 
and depend on intrinsic and extrinsic factors. 
Intrinsic factors include bone growth, growth of 
musculotendinous units, decreased bone density, 
skeletal maturity, muscle bulk, decreased flexibil-
ity and strength, extremity malalignment and 
psychological factors like high-risk behaviours. 
Extrinsic factors are a consequence of inappro-
priate changes in training, improper training sur-
faces, improper equipment, parental pressure, 
coaching pressure and peer pressure [3].

They can affect multiple parts of the body and 
have different clinical manifestations, and for this 
reason, there are multiple ways to treat and pre-
vent the injuries in the growing child and the 
young adult, according to the type of presentation 
and the clinical manifestations.

42.3	 �Classification of Apophysitis

In the literature there is not a single classification 
for the “apophysitis” since most of the classifica-
tions are related to a specific entity/local as, for 
example, the Osgood-Schlatter syndrome, which 
is related to the tibial tuberosity. It will be helpful 
in terms of distinguishing the different entities to 
have a classification that would help directing the 
treatment.

42.3.1	 �Classification According 
to Type of Injury

In order to understand the different types of injuries, 
it is important to understand the mechanism of 
injury. The extremity of the bones, either at the end 
covered by cartilage (epiphysis) or where the 

tendons/muscles are attached (apophysis), can be 
subject to different types of trauma: avulsion lesions 
secondary to repetitive tractions over the site, com-
pression lesions or shear lesions [4, 5]. The apophy-
sitis is mostly related to an avulsion-type lesion.

42.3.2	 �Classification According 
to the Ability to Play Sports

Time can also be important to define a possible 
treatment approach but most important is, like 
the Loder’s [6] classification for slipped capital 
femoral epiphysis, to define the ability to carry a 
sports activity or not. This will differentiate the 
acute unstable lesions from the chronic stage 
(stable).

For the acute lesions, we suggest to follow a 
modified Martin and Pipkin [7] classification 
applied to the treatment of avulsion of the ischial 
tuberosity. This basic approach updated by 
McKinney et  al. [8] differentiated the fractures 
according to the degree of displacement of the 
fragments (Table 42.1).

In Fig. 42.1, we report a case of a 13-year-old 
football player that was complaining of pain over 
the ATT. The football player, after a kick, sud-
denly felt an acute local pain and the inability to 
bear weight. The X-ray revealed a high-riding 
patella with an avulsion of the ATT.

In case of a chronic lesion (type 4 of the 
McKinney classification), the literature is omis-
sive, and there is a lack of consensus. Probably on 
this particular case, it will be crucial to combine 
the clinical evaluation in terms of pain with the 
results of imaging. This was pointed out by Kose 
[9] that found out that the radiologic identification 
of calcaneal apophysitis (Sever’s disease) without 
the absence of clinical information was not reli-
able. Radiologic findings that were attributed to 
Sever’s disease showed a wide variation between 

Table 42.1  Classification of apophyseal avulsion frac-
tures according to McKinney classification

Classification of apophyseal avulsion fractures

Type 1 nondisplaced fractures
Type 2 displacement up to 2 cm
Type 3 displacement > 2 cm
Type 4 symptomatic non-unions or painful exostosis

F. Della Villa et al.
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independent observers and between separate 
readings by the same observer. The authors sug-
gested that the diagnosis of calcaneal apophysitis 
was a clinical decision, and radiographic assess-
ment seemed to be unnecessary. There is no spe-
cific classification regarding imaging, and several 
imaging tools are available for this diagnosis. For 
this reason it is difficult to interpret the findings.

Nakase et al. [10] in their study aimed to cor-
relate the different findings with the degree of 
maturity of the bone. Tibial tuberosity develop-
ment on ultrasonography was divided into three 
stages: sonolucent stage (stage S), individual 
stage (stage I) and connective stage (stage C). 
Age, height, quadriceps and hamstring muscle 
tightness and muscle strength in knee extension 
and flexion were determined. These findings 
were compared with the respective stages of 
development. They were able to show that thigh 
muscle tightness and thigh muscle performance 
change with the skeletal maturation of the distal 
attachment of the patellar tendon.

According to Arnaiz et al. [11], the MRI can 
be helpful in terms of differentiating the underly-
ing pathology regarding apophysitis. They advo-
cate that accurate identification of key MRI 
features of this entity may prevent misdiagnosis 
and inappropriate management of apophysitis.

In the early 1990s, Kujala and Orava [12] 
described a classification that tried to put together 
the clinical aspects with the observation on the 
different imaging modalities and relate them to 
the age. Although it is related to the ischial 
apophysitis injuries in athletes, it may be adjusted 
to other sites and help the clinician in terms of 
defining the appropriate therapy (Table 42.2).

The most important factor in the classification 
of the apophysitis is to differentiate the patients 
that are unable to play sports (acute – unstable) 
from the ones that still are able to play although 
with some restrictions (chronic – stable), since it 
will have a direct impact on the therapeutical 
indications.

Fig. 42.1  X-ray of a 13-year-old footballer that reveals 
an ATT avulsion

Table 42.2  Classification of apophysitis and recom-
mended imaging investigations adjusted for age according 
to Kujala and Orava [12]

Type of lesion
Patient’s 
age (yrs)

Recommended 
imaging 
investigations

Tug lesions
 � Apophysis 

(apophysitis)
13–15 X-ray, MRI 

(oedema)
 � Adult tug lesion Adult X-ray (sclerosis,. 

bone scan, CT 
scan

Unfused apophysis Young 
adults

X-ray, bone scan, 
MRI

Acute avulsions
 � Apophysis 13–16 X-ray, US CT 

scan, MRI
 � Muscle avulsion Middle 

age
US, MRI

 � Small bony 
fragment

16–25 X-ray, US, CT 
scan, MRI

 � Large bony 
avulsion

16–25 X-ray

Old avulsions
 � Small fragment 20–30 X-ray, US
 � Large fragment 

(pseudotumour)
18–30 X-ray

Legend: Yrs Years, US ultrasound, CT computed tomogra-
phy, MRI magnetic resonance imaging

42  Apophysitis
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42.4	 �Treatment of Apophysitis

The conservative approach is often suggested as the 
first-line treatment in case of apophysitis. 
Considering the ATT apophysitis (Osgood-Schlatter 
disease), about 90% of patients respond well to non-
operative treatment, which includes rest, icing, 
activity modification and rehabilitation exercises 
[13]. Therefore, a rehabilitation-based approach 
should be encouraged in most of the cases.

The surgical option should be targeted for 
selected cases or nonresponder chronic patients 
to the conservative treatment. Pihlajamäki et al. 
[14] reported good to excellent clinical results in 
almost 90% of the patients after surgical treat-
ment of Osgood-Schlatter disease.

In this subchapter we will present a typical 
conservative approach to the Osgood-Schlatter 
patient. The crucial principles may be applied 
also to the other types of apophysitis.

The basis of the treatment of this common foot-
baller apophysitis is a combination of activity modi-
fication, physical therapies and exercise programme. 
We adopt a rehabilitation strategy based on two 
main points: organizational and clinical aspects.

Regarding the organizational aspects, we 
really believe in the multidisciplinary approach. 
A sports medicine physician should guide the 
caregiver team consisting of a physical therapist 
and an athletic trainer. Appropriate facilities 
including a rehabilitation gym, pool and field 
allow a stepwise progression of the workload.

Regarding the clinical aspects, the rehabilita-
tion protocol should always be on patient-tailored 
fashion and based on objective criteria progres-
sion. Our proposal consists of a three-phase pro-
tocol (Table 42.3):

	1.	 Resolution of pain. Activity modification is 
crucial to change the natural progression of 

Table 42.3  Conservative treatment keystones, pearls and objective criteria for moving on to the next phase

Phase Goal Management approach
Milestones/progression 
criteria Tips and pearls

1 Resolution of pain Tension dispersion-type 
knee brace
Physical modalities 
(e.g. laser and ice)

Full ROM without pain
Normal biomechanics 
restored

The patient should perform 
the exercises within a 
pain-free ROM
Exercising in the pool will 
decrease the loads imposed 
to the lower limb and allow 
more active exercises
Remain physically active 
and keep practising the 
sport-specific gestures

Restore normal 
biomechanics

Stretching the posterior 
muscle chain
Massage the anterior 
muscle chain

Management of the 
physical condition

Aerobic exercises in the 
gym/field

Enhance 
neuroplasticity of 
sport-specific 
movements

Neuromuscular and 
motor control exercises, 
within the football-
specific gestures, in the 
pool

2 Correct functional 
muscular imbalances

Stretching of the 
posterior muscle chain
Eccentric exercises of 
the quadriceps muscles

Isokinetic bilateral 
asymmetry lower than 
10%
Isokinetic unilateral ratio 
within the range 50–80%
Functional testing under 
10% of bilateral differences

A balance between the 
quadriceps and hamstring 
muscles should be achieved
A “hip strategy” instead of 
a “knee strategy” will 
decrease the tensional loads 
on the knee

Decrease the load 
imposed to the 
anterior muscle chain

Neuromuscular 
proprioceptive 
exercises

3 Reinsert the player to 
the field exercises and 
to the sport-specific 
gesture

On-field activities that 
replicate several 
football match 
situations

Re-establishment of the 
sport-specific gesture
Recover the match fitness

A cautious progression, 
divided in subphases, 
should be follow
Use different surfaces to 
progress in the difficulty

Legend: ROM Range of movement
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the clinical condition. The patient should be 
always pain-free when performing activity. 
Rest is a valuable option in the first weeks of 
the treatment. On the other hand, we need to 
maintain the patient active as tolerated, once 
the complete rest is not recommended. 
Specific braces are often recommended to 
apply compression on the ATT and reduce the 
patient symptoms (Fig. 42.2a). In this first 
phase, it is indicated to perform exercises in 
the gym and in the pool. In the rehab gym, it 
is suggested to decrease pain using physical 
modalities, such as laser and ice therapy 
(Fig. 42.2b). Stretching of the posterior mus-
cular chain and massage of the anterior mus-
cle chain are indicated to restore a proper 
biomechanics. Aerobic activity, as tolerated, 
should always be maintained. In the pool, 
thanks to the water environment, the patient 

may perform more active exercises including 
neuroplasticity exercises for the functional 
sport gesture (Fig. 42.2c). The goal of this 
phase is the progressive control of pain with-
out completely compromising the athlete 
activity.

2.		Functional strengthening. In this phase the 
physician should think biomechanically to cor-
rect functional imbalances of the lower limb. 
The crucial principle is to find the balance 
between the quadriceps and hamstring activ-
ity and strength. The posterior chain needs 
to be stretched (Fig. 42.3a) properly with 
static and dynamic exercises, while the quad-
riceps muscles should be reinforced eccen-
trically, with a very cautious progression. 
Finally, in order to really reduce the amount 
of forces expressed by the anterior chain, a 
functional training (including neuromuscular 

a b c

Fig. 42.2  (a) Compressive braces applied on the ATT. (b) The use of physical modalities to reduce pain and inflamma-
tion. (c) Football-specific exercises in the pool to maintain a proper neuromuscular control

a b

Fig. 42.3  (a) Stretching of the posterior muscular chain. (b) Eccentric strengthening of the quadriceps muscle on 
elastic resistance machine

42  Apophysitis
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and proprioceptive exercises) should be initi-
ated. A “hip strategy” (Fig. 42.4b) instead 
of a “knee strategy” (Fig. 42.4a) should be 
enhanced in order to reduce the amount of 
forces applied to the knee in every single 
movement during the activity. The pathome-
chanics of the apophysitis is believed to relate 

with repetitive micro-traumas linked to exces-
sive load, as explained above. Therefore, in 
the conservative treatment, it is suggested to 
think biomechanically in order to protect the 
lesion site. The goal of this phase is the re-
establishment of muscle balance while main-
taining the pain control.

a

b

Fig. 42.4  A progression from a knee strategy (a) (on the left) (often observed in knee patient) to a more convenient 
movement pattern (b) (on the right) should be encouraged

F. Della Villa et al.
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3.		Progressive return to activity. In this last phase, 
the player is ready to progress in the rehab path, 
and more sport-specific exercises are added to 
the protocol. Thus, a football-specific rehabilita-
tion programme (Fig. 42.5) on the field is recom-
mended in order to reinsert the sport-specific 
pattern in the patient’s life in a controlled envi-
ronment, where symptoms can be well con-
trolled. The on-field activity should be 
progressive and cautious. This last phase is cru-
cial to test patient reaction to higher loads, simi-
lar to those that will be applied on the real field 
and should be divided into subphases. The use of 
different surfaces (as sand) to progress in load 
modification may be indicated. The goal of this 
last phase is the recovery of the sport-specific 
gesture and a proper recovery of the match 
fitness.

�Conclusion

Apophysitis is a frequent and often overlooked 
problem of the young footballer. In this chap-
ter we tried to provide a comprehensive vision 
of such a big family of clinical conditions. A 
proper clinical and radiological diagnoses fol-
lowed by an on patient-tailored treatment are 
key factors to reach a maximal functional 
recovery allowing prompt return to football.
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Fig. 42.5  Examples of exercises on the field. (a, b, c) Pain-free kicking progression is crucial for every injured foot-
baller, and it is part of the on-field programme
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43.1	 �Introduction

Lower limb pain is fairly common, particularly 
among runners [1–5]. It equates to about 20% of 
their injuries and is naturally a big source of frus-
tration. The most common site of shin splints is 
in the anterior face of the lower third of the tibia, 
but may extend proximally. Also they may appear 
in the fibula or femur or foot bones, this is more 
common in sprinters [6]. Periostitis in football 
players occurs more frequently in the pelvis and 
tibia. The term “shin splints” is not a specific 
diagnosis.

“Shin splints” is the lay term; but physicians 
use the term medial tibial stress syndrome 
(MTSS) [7] more than periostitis or exercise-
related pain [8], and then “shin splints” is not a 
specific diagnosis (Fig. 43.1). MTSS is an over-
use injury occurring among the physically active 
[9] and is a complex symptom seen in athletes 
and military personnel, which complain of 
exercise-induced pain along the distal posterior-
medial aspect of the tibia [10]. The name given to 
this condition refers to pain on the posteromedial 
tibial border during exercise, with pain on palpa-
tion of the tibia over a length of at least 5 cm [11].

MTSS can be defined as an overuse injury that 
creates pain over an area covering the distal to 
middle third of the posteriomedial tibial border, 
which occurs during exercise and creates cyclic 
loading [12]. It is a common complaint that may 
stop an athlete from running [13].
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a

c

b

Fig. 43.1  A 21-year-old military with pain in both legs which increase with gait (a), left tibia periostitis with (b) posi-
tive scintigraphy, and (c) CT scan bone reaction (Courtesy of Dr. B. Vasconcelos, Lisboa, Portugal)
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The evidence seems clear that shin splint pain 
has many different causes, and this reflects the 
variation in the anatomy [14]. Pain comes from a 
bony reaction to stress [10, 15] or from elevated 
pressure within muscle compartments [16, 17].

43.2	 �Incidence

Leg pain in athletes can be caused by many condi-
tions, with the most frequent being MTSS. Chronic 
exertional compartment syndrome, stress frac-
ture, nerve entrapment, and popliteal artery 
entrapment syndrome are also considerations 
[18]. MTSS is prevalent among military person-
nel, runners, and dancers, showing an incidence 
of 4–20% of this population [11, 12, 19, 20]. 
Sharma et al. [21] show that MTSS in 6608 British 
Army recruits had the greatest impact on training, 
accounting for almost 20% of all days spent in 
rehabilitation. Orava and Puranen [22] found that 
in 465 cases of exertion pain, 18% were located in 
the shin. MTSS was the most common overuse 
injury among these athletes, comprising 9.5% of 
all exertion injuries and 60% of leg exertion pains. 
Together with stress fractures of the tibia, the sec-
ond most common exertion pain of the leg, it 
accounted for 75% of total leg pains.

43.3	 �Pathological 
and Aetiological Factors

MTSS is a common injury in active populations 
and has been suggested to be a result of both 
biomechanical and lifestyle factors [23]. 
Approximately 50% of all sports injuries are sec-
ondary to overuse and result from repetitive 
microtrauma that causes local tissue damage. 
Injuries are most likely with changes in mode, 
intensity, or duration of training and can accumu-
late before symptoms appear. Intrinsic factors 
contributing to injuries are individual biome-
chanical abnormalities such as malalignments, 
muscle imbalance, inflexibility, weakness, and 
instability. The most proven risk factors are over-
pronation of the foot and a history of previous 
MTSS [24]. Females are also at more risk [28].

43.3.1	 �General Factors

A combination of extrinsic factors, such as train-
ing errors and environmental factors, and intrin-
sic or anatomical factors, such as bony alignment 
of the extremities, flexibility deficits, and liga-
mentous laxity, predisposes athletes to develop 
overuse injuries. Hubbard et al. [25] established 
that the factors most influencing MTSS develop-
ment were previous history of MTSS and stress 
fracture, years of running experience, and orthotic 
use (Fig. 43.2). Running injury rates increase sig-
nificantly when weekly mileage extends beyond 
40 miles cumulatively [26]. Common causes of 
running injuries include overuse, lack of rest, and 
activities that aggravate biomechanical predis-
posers of specific injuries [27]. Female gender, 
previous history of MTSS, fewer years of run-
ning experience, orthotic use, increased body 
mass index, increased navicular drop (ND), and 
increased external rotation hip range of motion in 
males are all significantly associated with an 
increased risk of developing MTSS [28].

A variety of physical characteristics of ath-
letes has been proposed to be related to the risk in 
sustaining a sports injury [29]. Yagi et  al. [30] 
found in females that body mass index (BMI) 
significantly increased the risk of MTSS and also 
a higher BMI was associated with a longer recov-
ery time [11]. No significant differences were 

a b

Fig. 43.2  (a) Proximal tibial stress fracture and (b) 
diaphyseal tibial stress fracture
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found in anthropometric parameters (thigh length, 
leg length, foot length, and leg circumference) and 
body composition (the amount of minerals and 
body fat percentage) in a MTSS patient group [31].

43.3.2	 �Overstress to Bone

Overuse injuries develop when repetitive stress to 
bone and musculotendinous structures damage 
tissue at a greater rate than that at which the body 
can repair itself [32], and MTSS often results 
when bone remodelling processes adapt inade-
quately to repetitive stress [33]. For Devas et al. 
[34] and Jackson et  al. [35], between pain and 
stress fracture, athletes may show a variety of 
features including periostitis, cortical deminerali-
sation, cortical hypertrophy, or mixed patterns.

43.3.3	 �Compartment Syndromes

The pathogenesis is explained by increased pres-
sure in the fascial compartment of the deep flexor 
muscles due to prolonged exercise. In patients 
susceptible to MTSS, the fascial compartments 
are too small to accommodate the associated 
20% increase in muscle mass that typically 
occurs with heavy exercise [36]. The pathology 
of the compartment syndrome is that with exer-
cise, a muscle retains fluid and increases bulk. 
Authors have demonstrated that elevated muscle 
compartment pressure in athletes may cause 
either medial-sided shin pain [16, 37] or lateral-
sided shin pain [4], but this is highly contentious 
[10, 38]. It may be concluded that the body of 
evidence supports the idea that increased com-
partment pressure may cause shin splint pain, but 
not all shin splint pain is due to increased com-
partment pressure and that fasciotomy not only 
decreases the compartment pressure but decreases 
the muscle traction effect on the periosteum.

43.3.4	 �Biomechanical Factors

Biomechanical studies indicate why certain  
athletes are predisposed to get shin splints and 

may explain the pathophysiology behind elevated 
compartment pressure or musculotendinous tears 
in the aetiology of shin splints.

Malalignments of the lower extremities (aver-
age prevalence 18% and only minor deviations) 
did show some inconsistent relationships with the 
number of (specific) injuries. For pelvic obliquity, 
it was positive as predicted, but for malalignment 
of the rearfoot and a deviant footprint, it appeared 
to be negative. Runners with medial shin pain dis-
played greater frontal plane pelvic tilt excursion, 
peak hip internal rotation, and decreased knee 
flexion while running compared to a control group 
[13]. Leg length inequality and malalignment of 
the knees were not related to injuries [29]. 
Sommer and Vallentyne [39] found that a standing 
foot angle of <140° and a varus alignment of the 
hindfoot and/or forefoot were predictive of a pre-
vious history of MTSS.

Malalignment has also been implicated in ilio-
tibial band syndrome, MTSS, lower extremity 
stress fractures, and plantar fasciitis (Fig. 43.3). 
Muscle inflexibility aggravates and predisposes 
someone to the development of a variety of over-
use injuries, especially those occurring in children 
and adolescents, including the traction apophysi-
tis. Flexibility deficits may be improved by an 
appropriate stretching protocol. Unfortunately, 
lower extremity malalignment is less amenable to 
intervention.

Foot overpronation is thus a well-documented 
cause of shin splints. These include tibia vara – 
because the foot hits the ground in an exagger-
ated, inverted position, therefore it must “roll 
over” further to make adequate ground contact 
and forefoot varus  – because the rearfoot must 
“roll over” further (pronate) to compensate for 
the inverted forefoot and internal femoral torsion 
[40], because the foot may pronate to increase 
abduction and therefore make someone walk 
straighter. Increased internal rotation of the hip 
significantly increased the risk of MTSS [30]. 
Other causes of overpronation include plan-
tarflexed fifth metatarsal, limb length inequality, 
various neuromuscular conditions, and tibial tor-
sion [40]. An imbalance in foot pressure with 
greater pressure on the medial side than on the 
lateral side was the primary risk factor.
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The combination of female gender and ND test 
measures provides an accurate prediction for  
the development of MTSS.  Several studies [28, 
41–44] have demonstrated that excessive static 
ND is related to the diagnosis.

Football players with MTSS have an abnor-
mal structural deformation of their feet during 
the support (or stance) phase of running. This 
abnormal motion could be a risk factor for the 
development of MTSS [45].

a

c

bFig. 43.3  (a) Recurrent 
tibial stress fracture in a 
football goalkeeper due to 
biomechanical alterations, 
meniscectomy, and foot 
pronation. Surgery was 
performed (b and c) puting 
BMP-7 around the 
fracture, both in the 
endomedular channel and 
in the tibial surface 
(Courtesy of Dr. A. del 
Corral, Madrid, Spain)
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Orthotics is often prescribed to improve lower 
extremity alignment. However, studies have not 
shown that orthotics has any effect on knee 
alignment, and, while they can alter subtalar 
joint alignment, the clinical benefit of this 
remains unclear. Awareness of anatomical fac-
tors that may predispose overuse injuries allows 
the clinician to develop individual rehabilitation 
programmes designed to decrease the risk of 
overuse injury. In addition, the clinician can 
advise the athlete on the importance of avoiding 
extrinsic factors that may also predispose over-
use injury [32].

43.3.5	 �Muscle Fatigue in Shin Splints

It is believed that overused, fatigued muscles can 
cause or exacerbate the condition of shin splints. 
Certainly it is widely held that shin splints are 
most frequently seen in the underconditioned 
athlete trying to do too much too soon [35, 46]. 
Clement et  al. [46] noted that earlier scientific 
work had suggested that muscles were able to act 
as “shock absorbers’ and therefore absorb some 
of the stress of movement that would otherwise 
go directly to the bone. They therefore suggested 
that the athlete that asked his body to do too 
much too soon would fatigue his muscles and 
may decrease the shock absorption function of 
the muscle. Consequently, all stress would be 
transmitted direct to the bone, hence bone over-
load and periostitis. Taunton et al. [47] supported 
this and pointed out that biomechanical abnor-
mality would make muscle overstress occur 
earlier.

43.4	 �Diagnostic and Physical 
Examination

Most importantly, the astute clinician should be 
persistent in observing the athlete in order to cor-
rectly diagnose and manage all the underlying 
problems and arrive at a satisfactory outcome [48].

Obtaining a careful history is a critical compo-
nent in arriving at the correct diagnosis, and it 
forms the primary basis for a diagnosis of chronic 
compartment syndrome. A history of persistent 

cramping with exercise and asymptomatic rest 
periods with symptoms worsening over time are 
the major indicators of the problem. It is also 
important to determine whether the posterior 
symptoms are superficial or deep and proximal or 
distal, or both, and to define the exact borders of 
the area of pain; a common mistake is to simply 
pinpoint the maximal point of tenderness [1]. It is 
important to delineate precisely which muscles 
are involved. Symptoms tend to progressively 
worsen over time and improve with rest and 
reduction or cessation of exercise.

Detmer [1] proposed a clinical classification 
and treatment programme for MTSS.  Three 
chronic types exist and may coexist:

Type I: tibial microfracture, bone stress reac-
tion, or cortical fracture

Type II: periostalgia from chronic avulsion of 
the periosteum at the periosteal-fascial junction

Type III: chronic compartment syndrome
Bilaterality was common in type II (50%) and 

in type III (88%)
Chronic lower leg pain in athletes can be a 

frustrating problem for patients and a difficult 
diagnosis for clinicians [18]. In general, there are 
few signs associated with the condition. Most of 
the patients have tenderness at the site of pain. 
Slight oedema is sometimes noted [34] as is thick-
ening of the subcutaneous border of the tibia.

The predominant symptom is pain felt on or 
around the tibia. It is felt on exertion, initially 
towards the end of a run; but if more severe, it can 
occur earlier during exercise [10]. Extremely 
severe cases may have pain on walking or even at 
rest [16]. Medial-sided tibial pain seems usually to 
be described as soreness or a dull aching pain [49], 
whereas lateral-sided pain may be more aching and 
cramping in quality, but this is extremely variable.

Highly developed musculature may be seen 
[50], and the muscle compartments may feel 
tense or have muscle herniae [51].

Neurological symptoms are sometimes 
reported, and occasionally there may be weak-
ness and pain on passive stretching of the mus-
cles running through the compartment [52].

Vascular disturbances are rare, even in cases 
when the shin splint is due to elevated compart-
ment pressures [16, 50]. Tibial stress fractures 
usually exhibit well-localised tenderness and 
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pain, often with palpable callus [15]. These are 
most commonly found at the lower and upper 
margins of the tibia. “Springing” the tibia (strain-
ing it against a fulcrum) may reproduce the pain 
in a stress fracture [34].

The major symptoms include paresthesia of the 
plantar aspect of the foot and tightness, cramping, 
and aching in the deep muscles posterior to the tibia.

Recurrent pain in the lower leg caused by exer-
cise is a common problem in athletes. A recurrent 
tightening or tense sensation and aching in anatom-
ically defined compartments are pathognomonic 
[53]. Half of the injured runners were unable to run 
2×500 metres without pain after 10 weeks [54].

A comprehensive physical examination is 
imperative to confirm a diagnosis and should 
begin with an inquiry regarding the location and 
onset of the patient’s pain and tenderness. Patient 
evaluation is based on meticulous history taking 
and physical examination. Even though the diag-
nosis remains clinical, imaging studies, such as 
plain radiographs and bone scans, are usually 
sufficient, although magnetic ressonance imag-
ing (MRI) is useful in borderline cases to rule out 
more significant pathology [24].

43.5	 �Imagery

Physical examination could not differentiate 
between cases with medial tibial bone pain sec-
ondary to stress fractures and those with scinti-
graphically normal tibias [55]. Confirmation of the 
diagnosis requires performing the appropriate 
diagnostic studies, including radiographs, bone 
scans, magnetic ressonance angiography, compart-
mental pressure measurements, and arteriograms.

Diagnosis can be made by history alone in a 
majority of cases, but if the diagnosis is unclear, 
an X-ray and MRI should be considered [7]. 
Additional imaging such as bone and computer-
ised tomography (CT) scans has been well stud-
ied but is of limited value. The prevalence of 
abnormal findings in asymptomatic subjects 
means that results should be interpreted with cau-
tion [11]. Clinicians should first make the clinical 
diagnosis of MTSS, however, because of high 
percentages of positive MRI scans in asymptom-
atic patients [12].

Aoki et al. [56] determine whether stress frac-
tures and shin splints could be discriminated with 
MRI in the early phase. Stress fractures were 
diagnosed when consecutive radiographs showed 
local periosteal reaction or a fracture line, and 
shin splints were diagnosed in all the other cases. 
No MRI scans of shin splints showed an abnor-
mally wide high signal in the bone marrow as 
observed on MRI scans of stress fractures.

43.6	 �Differential Diagnosis

The accurate diagnosis and treatment of medial 
tibial pain is complicated by the coexistence of 
periostitis and compartment syndrome. The lit-
erature [1] also suggests a third diagnostic entity, 
tibial stress fracture or microfracture, to be con-
sidered in medial tibial pain syndromes. The 
patient’s history of type of exercise (running), 
initial symptom behaviour (quick resolution with 
rest), and later symptom behaviour in the pres-
ence of established painful symptoms (failure of 
rest, orthotics, and nonsteroidal anti-inflammatory 
medications) are consistent with type II disease 
(periostalgia with avulsion of the periosteum at 
the periosteal-fascial junction) [1]. Unfortunately, 
visits to multiple physicians without obtaining 
significant relief are also typical in the history of 
patients with periostitis [48].

The most common causes include muscle or 
tendon injury, MTSS, stress fracture, and exer-
tional compartment syndrome. Less common 
causes of leg pain include lumbosacral radicu-
lopathy, lumbosacral spinal stenosis, focal nerve 
entrapment, vascular claudication from athero-
sclerosis, popliteal artery entrapment syndrome, 
and venous insufficiency [2].

43.7	 �Treatment

Conservative treatment is almost always success-
ful and includes several options, though none has 
proven more superior to rest. Prevention pro-
grammes do not seem to influence the rate of 
MTSS, though shock-absorbing insoles have 
reduced MTSS rates in military personnel, and 
shockwaves (ESWT) have shortened the duration 
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of symptoms. Surgery is rarely indicated but has 
shown some promising results in patients who 
have not responded to all conservative options 
[18, 24]. Current best practice guidelines support 
a treatment programme of rest, cryotherapy, and 
a graduated walk-to-run programme [57]. The 
appropriate treatment depends on the aetiology 
of the shin splint.

43.7.1	 �Prevention

Training errors are commonly thought to provoke 
shin splints. These may include wearing inappro-
priate shoes, running on hard surfaces, and 
increasing mileage too rapidly. All these increase 
muscle fatigue and prevent the natural body reac-
tions to stress from taking place. Stretching and 
strengthening of the leg muscles also help to pre-
vent muscular strain. Stretching exercises, modi-
fication of training schedules, and the use of 
protective devices such as braces and insoles are 
often advocated for prevention.

Muscle strengthening is believed to help pre-
vent the effects of fatigue on bone and muscle 
[46]. This usually consists of progressive exer-
cises to the dorsi and plantar flexors of the foot. 
Stretching may also increase muscle shock 
absorption.

43.7.2	 �Rest

Rest is common to all treatment regimens. Rest 
allows time for healing and time for inflamma-
tion to settle down. It is essential though after rest 
gradually to reintroduce running and avoid any 
training errors that may have provoked the syn-
drome initially. It is advisable for the athlete to 
maintain cardiovascular fitness during rest, for 
example, with swimming or cycling.

43.7.3	 �Ice and Nonsteroidal Anti-
inflammatory Drugs

These are also widely advised. They are thought 
to help by decreasing inflammatory reaction and 

also by analgesia. Ice before and after running is 
also recommended to control pain.

43.7.4	 �Correction of Biomechanical 
Defects

The device used will obviously depend on the 
biomechanical abnormality detected. The most 
common to be treated is overpronation. These are 
usually treated with an orthotic device, which is 
an artificial prosthesis that supports the antipro-
nation muscles. It is usually a wedge, built up on 
the medial side of the heel. Other biomechanical 
abnormalities such as leg length discrepancy or 
forefoot varus can be treated by an appropriate 
orthotic.

43.7.5	 �Corticosteroid Injection

Injection of the medial tibia border with cortico-
steroids has been tried by some, but has very lim-
ited success.

43.7.6	 �Physiotherapy

Kinesio taping (KT) has gained popularity for 
treating musculoskeletal pathologies; however, 
its effect on MTSS remains uninvestigated. KT 
could decrease the rate of medial loading in 
MTSS patients. Future research might assess 
mechanisms by which this effect is achieved [9]. 
No additional large effect of the pneumatic leg 
brace could be found in recruits, and wearing of 
the brace was not feasible, since the wearing 
comfort was low [11].

43.7.7	 �Surgery

Surgery is indicated for chronic compartment 
syndrome. Almost 5% of the injured runners 
received surgical treatment [54]. Surgical man-
agement of deep compartment syndrome, con-
sisting of fasciotomy or fasciectomy, or both, is 
successful for most patients [48].
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�Conclusion

Lower limb pain is frequent in long-distance 
athletes. An adequate diagnosis requires a 
detailed clinical history, a careful exam, the 
knowledge of the different types of possible 
pathologies, and a rational and insightful use 
of the possible diagnosis studies. Tibial peri-
ostitis is the most frequent cause (MTSS). 
Other causes are fatigue fractures and the 
compartmental syndromes. Especially in 
senior athletes, vascular and vertebral causes 
should also be considered.

The treatment of MTSS, like the treatment of 
other periostitis and fatigue fractures, requires 
rest, evaluation, and biomechanical corrections. 
The preventive measures are determinant.
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44.1	 �Introduction

Football demands are increasing significantly 
over the years. Football players are covering 
larger distances with higher speeds (increased 
covered distance with high-intensity actions), 
leading to an increased metabolic and physical 
stress during the exercise [1].

Considering this, the first step before the play-
ers start to train should be the preseason evalua-
tion, in order to detect contraindications to 
football practice [2], player’s injury profile and 
player’s fitness level [3], which can be divided in 
three screening levels:

•	 Life-threatening and general health conditions
•	 Injury risk factors
•	 Performance
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Although all being important, a hierarchy must 
be considered during players’ assessment (see 
Fig. 44.1). In the preseason evaluation, priority 
must be given to life-threatening and general 
health conditions – addressing the person ahead 
of the player – and then focus on injury risk fac-
tors, followed by performance assessment.

Screening is one of the most important actions 
before season starts. Besides decreasing the 
risk of life-threatening situations [2], it will prob-
ably define a significant part of the season pro-
gramme, especially individual gym routines, as it 
will identify the individual needs of each player 
(e.g. strength, flexibility, motor control imbal-
ances) [3].

As we all know, there are an infinitive number 
of tests that can be performed in order to collect 
data [4–6]; however, due to time constraints in 

terms of assessment and also data analysis, any 
preseason screening – excluding the first level of 
the pyramid – should obey five rules:

•	 Only collect data that you know you will be 
able to analyse in a proper timing

•	 User-friendly tests
•	 Test reproducibility
•	 Only relevant tests
•	 Don’t duplicate information

44.2	 �FIFA and UEFA 
Recommendations

We recommend the reading of the documents 
available online on FIFA and UEFA websites – 
www.fifa.com and www.uefa.org.

FIFA website has a link for medical issues 
which contain many official documents including 
the FIFA PCMA form. This paper is a guide for a 
complete medical examination with cardiovascu-
lar screening (Fig. 44.2) and blood analysis. It is 
mandatory for clubs, involved in most of FIFA’s 
competitions, to fill in these forms and is fre-
quently requested by insurance companies. This 
document is simple, objective and easy to fill and 
print.

All those qualities turn the forms into an easy 
way to follow all the important steps of the medi-
cal screening, accomplishing, at the same time, 
all legal requirements for the main FIFA 
competitions.Fig. 44.1  Screening levels pyramid

Fig. 44.2  ECG
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Table 44.1  Preseason evaluation protocol

Pre-season evaluation protocol

Life threatening conditions and general health Injury risk factors Performance

   • Medical history    • Strength testing    • VO2 max
   • Medical physical examination    • ROM and flexibility testing    • Agility tests
   • Cardiovascular screening (Fig. 44.2)    • Motor control    • Strength qualities
   • Asthma and allergies screening    • Posture    • Maximum speed and sprint
   • Blood and urine analysis    • Running pattern analysis
   • Musculoskeletal imaging    • Podiatrist assessment
   • Body composition and nutritional background FOOTBALL

MEDICINE

44.3	 �Preseason Evaluation 
Protocol

The table below is an outline of the preseason 
evaluation protocol, together with the contents of 
each screening level (Table 44.1).

44.3.1	 �Life-Threatening and General 
Health Conditions

44.3.1.1  �Medical History
Players’ medical history is of major importance 
in the whole pre-participation examination. A 
careful and detailed medical interview should be 
conducted in a comfortable and calm setting 
ensuring the confidentiality of the exam. For chil-
dren, the presence of an adult with knowledge 
about his personal and family medical history 
(usually the parents) is mandatory.

Many aspects should be assessed, and each 
clinician might have their own protocol. 
Nevertheless, three main domains should be 
accessed during this interview: family history, 
past medical history and present medical history. 
For each, we will highlight the fundamental 
parameters that should be assessed.

Family History
It’s of paramount importance to rule out family, 

first or second degree, history of cardiovascu-
lar diseases that may have led to sudden 
death/disability or medical-advised suspen-
sion of physical activities of family (Table 
44.2).

Other major and/or chronic diseases (especially 
with strong genetic correlations) such as asthma, 
type 1 diabetes and epilepsy should be part of 
our questionnaire.

Past Medical History
Red flag cardiovascular symptoms to be ruled out 

(Table 44.2)
Other chronic, major diseases or accidents (e.g. 

concussion)
Musculoskeletal medical history (especially 

long-term injuries – greater than 1 month of 
activity suspension  – or involving hospital 
attendance or surgical treatment)

Present Medical History
Sports activity profile (number of games in the last 

12 months, position in the field, dominant leg)
Lifestyle (harmful behaviours – smoking, alcohol 

consumption, drug abuse; sleep patterns; food 
diary)

Present medical complaints
Allergies (food, medication, physical agents, 

insect bites, cosmetics)

Table 44.2  Cardiovascular screening questionnaire

Cardiovascular screening questionnaire

Family history

Premature death or disability due to heart disease 
before 50 years of age
Personal history

Exertional chest pain or discomfort
Syncope or near-syncope
Irregular heart beat or palpitations
Shortness of breath or fatigue out of proportion to the 
degree of exertion
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Vaccination (according to origin and residence 
country)

Medication and supplements (casual or chronic)

44.3.1.2	 �Medical Physical 
Examination

Normally, each doctor has his own protocol, 
which was built during his/her career according 
to guidelines and personal experience. Either you 
choose to follow your exam from head to toes or 
from system to system, the most important is to 
follow a sequential and systematic evaluation and 
to never forget the mandatory items that you can 
find in the UEFA and FIFA guidelines.

Next is an example of how to conduct a physi-
cal examination in a professional football player. 
The player should expose as much of his/her 
body as possible, respecting his/her personal, 
social and religious limitations:

•	 Begin the exam with a general examination 
with emphasis on the cardiovascular system 
but checking the other systems briefly. For 
that, you should, at least, collect the following 
information:

–– Height, weight
–– Skin (surgical and non-surgical wound 

scars, fungi, viral and bacterial infections)
–– Heart rate, blood pressure, peripheral 

pulses
–– Cardiac and pulmonary auscultation
–– Lymph node screening and thyroid gland 

palpation
–– Abdominal palpation (exclude abnormal 

masses, organomegaly and hernias)

–– Basic neurological examination (including 
reflexes, balance tests such as SOLEC, 
walk a straight line)

–– Exclude Marfan criteria (chest deformities, 
arachnodactyly of fingers and toes, long 
arms, scoliosis, lens dislocation, others)

•	 The second step will be the musculoskeletal 
system evaluation. After the cardiovascular 
screening, this is the major system to screen. 
We recommend the following sequence:

•	 Functional tests (important as general screen-
ing and determines the direction of the rest of 
the examination):
–– Walk a straight line
–– Toe walking
–– Heel walking
–– Duck walk
–– Single-leg squat
–– One-leg hop test

•	 Posture (sagittal, coronal and transversal 
planes)

•	 Spine examination (observe full range of 
motion, and perform tests including Schober’s 
test and Gillet test)

•	 Lower limb length measurement
•	 Joint examination (special attention to shoul-

der and lower limbs  – confirm absence of 
inflammatory signs, wound scars, muscle 
wasting or ROM restrictions, palpation of the 
most important ligaments and tendons such as 
Achilles, patellar tendons)

44.3.1.3	 �Blood and Urine Analysis
FIFA and UEFA recommendations are summa-
rized in Table 44.3.

Table 44.3  FIFA and UEFA laboratorial analysis recommendations

Blood and urine analysis

Haemoglobin Haematocrit Erythrocytes Thrombocytes
Leukocytes Sodium Potassium Magnesium
Cholesterol
(Total)

LDL
Cholesterol

HDL
Cholesterol

Triglycerides

Glucose Sedimentation
Rate

Creatine C-reactive
Protein

Uric Acid Aspartate
Amino-transferase

Alanine
Amino-transferase

Gamma-Glutamyl-transferase

Creatine
Kinase

Iron Ferritin Blood Group
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44.3.1.4	 �Musculoskeletal Imaging
Imaging technology can be used during the pre-
season screening according to clinical findings in 
the history and physical examination. However, a 
fast and easy systematic ultrasonography assess-
ment of the Achilles tendon, patellar tendon and 
shoulder structures (in goalkeepers) can be per-
formed if the sports medicine physician has the 
proper equipment and knowledge, giving us use-
ful information regarding some of the most com-
mon pathologies in this population [7–9].

44.3.1.5	 �Concussion
Very recently it has been shown that college 
athletes were at a 2.48 times greater risk of a 
lower extremity injury up to 90 days post-con-
cussion possibly due to lingering neurocogni-
tive and motor deficits [10]. Having baseline 
measures on players, prior to concussion, will 
help return-to-play decisions and hopefully fur-
ther reduce injury risk. The tests listed below 
are examples of what practitioners can use to 
establish baselines.

The United States of America Football notes 
that baseline screening of players using neuro-
cognitive tools, such as ImPACT, can be used by 
suitably qualified staff and recommends that the 
Sport Concussion Assessment Tool (SCAT3), 
which incorporates a modified Balance Error 
Scoring System (BESS), should be used pitch-
side following suspected concussions. Players’ 
baseline in balance and reaction time tests should 
also be recorded [11, 12].

44.3.1.6	 �Body Composition
During the pre-evaluation period, it is an ideal 
time to check on the player’s weight, after return-
ing from the off-season. This is also an ideal 
opportunity to educate players on the risks of 
dehydrating to make weight.

Body composition measurements, in particu-
lar percentage body fat and fat-free mass, are 
routinely measured in players at the start of the 
season and at regular intervals in-season. The 
widely accepted rationale behind this is that 
excessive adipose tissue adds ‘useless’ weight 
to the player resulting in greater energy expen-
diture and lower power and accelerations. What 

is not as widely accepted is the choice of devices 
to measure percentage body fat. Traditional 
ways include callipers and underwater weighing 
techniques; callipers being the simplest and 
cost-effective but prone to large intra-tester 
variances.

Dual-energy X-ray absorptiometry [DEXA] 
scans provide very accurate body composition 
measurements as well as information about bone 
density. Other potentially useful benefits include 
gaining insight in distribution of adipose in dif-
ferent regions of the body and even asymmetrical 
distribution between limbs.

44.3.1.7	 �Dental
Gay-Escoda et al. [13] found a significant corre-
lation between players with poor oral health and 
muscle injuries. SportsInjuryLab, a company 
screening athletes for dental and occlusal prob-
lems (i.e. periodontitis, impacted wisdom teeth, 
malocclusion), has linked dental and temporo-
mandibular joint problems to negative impacts on 
balance and ultimately performance or increased 
risk of injury [13].

Including an oral health assessment in the 
preseason evaluation is not common practice 
but may be worth considering, especially for 
teams that have a dentist associated with the 
club.

44.3.1.8	 �Vision
A player’s ability to make the correct decision in 
a split second is believed to be based on three 
important cognitive components. These compo-
nents, according to Bar-Eli [14], are perception, 
knowledge and decision strategies. The top deci-
sion makers use well-developed visual search 
strategies in both their peripheral and central 
vision [15] together with selective, focused and 
divided attention [14].

44.3.2	 �Injury Risk Factors

This screening level plays a significant role 
throughout the season because it may identify 
players’ imbalances that should then be cor-
rected, in order to decrease risk of injury.

44  Preseason Evaluation
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Sports medicine teams should gather a battery 
of tests with the best evidence available, consider-
ing the injury risk factors, in order to apply it dur-
ing the preseason evaluation. This will identify 
individual players’ needs/imbalances in terms of 
strength [16], range of motion (ROM) and flexibil-
ity [6, 17], motor control [18], posture and run-
ning pattern analysis [19], [20]. Feasibility is 
important in a football team setup; therefore, the 
five rules mentioned earlier should be considered 
before test selection.

These battery of tests, besides identifying indi-
vidual players’ needs/imbalances, also have the 
important role of establishing a baseline of clini-
cal and physical features of the players, which 
might be of considerable value if, in the future, 
they get injured and need rehabilitation. For 
instance, after an anterior cruciate ligament (ACL) 
reconstruction, and before returning to training, it 
is important to know if the player is able to achieve 
his previous knee range of motion or strength lev-
els, and this is only possible if such data was pre-
viously collected.

After screening and analysing players’ data, 
individual programmes should be developed in 
order to correct the imbalances or maintain their 
qualities.

44.3.2.1	 �Strength Testing
There is a significant amount of literature sup-
porting the implication of strength imbalances as 
an injury risk factor for most of the injuries that 
occur in football [6, 16, 21].

It is important to assess the different types of 
strength, namely, maximum strength, power and 
endurance.

Maximum strength imbalances are strongly 
correlated with several football injuries in lit-
erature (e.g. hamstring strains, groin syndrome), 
making it mandatory to be assessed before 
season starts [16, 21, 22]. Despite the absence 
of evidence supporting the other strength types 
as injury risk factors, we still find it important 
to measure because it can complement player’s 
strength profile, by providing us with a baseline 
of the player or leading us to a further investiga-
tion in cases where an imbalance is unveiled.

Maximum Strength
This type of strength is usually assessed using a 
dynamometer (Figs. 44.3 and 44.4), either iso-
kinetic or manual. In our experience, thigh mus-
cles acting on the knee joint (quadriceps femoris 
and hamstrings) are better assessed with an iso-
kinetic dynamometer [16], whilst abductor and 

Fig. 44.3  Dynamometer 
isokinetic testing
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adductor muscles are easily assessed with man-
ual dynamometers [22]. Ankle joint muscle max-
imum strength can also be assessed in an 
isokinetic dynamometer; however, it is not a 
user-friendly test to perform [5].

Clinicians should focus on agonist/antagonist 
strength ratios as well as contralateral imbalances 
[16, 22], as well as considering other specific 
parameters, as it will be discussed below.

Isokinetic Dynamometer [16]
As mentioned above, this device will be easily 
used for quadriceps (Q) and hamstring (H) 
strength assessment. Maximum strength will be 
better assessed with low-speed testing; however, 
high-speed testing will also be described in this 
chapter, regarding its importance to calculate 
hamstring/quadriceps functional ratio (Fig. 44.3).

Protocol
•	 Concentric Q and H testing  – 60°/sec and 

240°/sec
•	 Eccentric H testing – 30°/sec

Expected Outcomes
•	 Q and H peak torques at 60°/sec < 10% differ-

ence between sides
•	 H/Q conventional ratio at 60°/sec > 0, 60
•	 H eccentric peak torque at 30°/sec < 10% dif-

ference between sides

•	 H/Q functional ratio >1, 2
•	 H eccentric peak torque angle < 30° flexion
•	 Other aspects of the isokinetic outcomes can 

and should be assessed (e.g. curve patterns); 
however, it is beyond the scope of this 
chapter

Manual Dynamometer [22]
Groin syndrome complaints are strongly corre-
lated with hip adductor and abductor strength 
imbalances, which highlight its assessment 
importance in football.

Abductor and adductor muscle testing can be 
performed using an isometric [make] or an eccen-
tric [break] contraction, being an easy and cheap 
way to evaluate this muscle maximum strength. 
However, attention must be paid when the clini-
cian uses the second [break] type of contraction 
once; an increase in the speed of the test can lead 
to an incorrect measure from the device and/or 
injury (Fig. 44.4).

Protocol
•	 Isometric/eccentric contraction

–– Testing position must be standardized

Expected Outcomes
•	 Abductor and adductor strength <10% differ-

ences between sides
•	 0.90 < abductor/adductor ratio > 1.10

Fig. 44.4  Left hip 
adductor manual 
dynamometer testing
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Sphygmomanometer Squeeze Testing [23]
Despite not being a real strength measure, this is 
a test found in literature to predict the risk of 
developing groin pain syndrome, using an adduc-
tor squeeze test measured with the sphygmoma-
nometer between both knees that will measure 
pressure. It is also a useful and quick test to mon-
itor load tolerance in season (Fig. 44.5).

Protocol
•	 45° hip flexion and 90° knee flexion
•	 Initial sphygmomanometer pressure  –  

10 mm/Hg

Expected Outcome
•	 Squeeze pressure > 210 mm/Hg

However, this test has important limitations:

•	 Unable to identify the weak side
•	 Unable to compare between sides and calcu-

late ratios

Power
As mentioned before in this chapter, power is 
another type of strength demonstration that, 

despite not being strongly correlated with injury 
risk, as previously discussed, its assessment is 
important to establish players’ baseline in case of 
an injury occurrence or to detect major imbal-
ances between sides that can prompt further 
investigation of the athlete.

Muscular power is a product of force and 
velocity; this way, its basic testing should be 
done with low weights, enabling to achieve high 
speed during that movement. Unlike maximal 
strength that is frequently assessed analytically 
muscle-by-muscle, power tests typically involve 
a whole body functional movement (e.g. jump), to 
assess the performance of all the kinetic chain 
[24, 25].

In football, the most frequently used power 
assessments are lower limb power tests (Fig. 
44.6).

Fig. 44.5  Squeeze test with sphygmomanometer Fig. 44.6  Jump height testing with contact mat
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Fig. 44.7  My Jump iPhone application

Several tests are available; however, vertical 
jump, single-leg hop and single-leg triple hop 
tests are the most commonly used.

Vertical Jump Test [25, 26]
•	 Single-leg vertical jump
•	 Measure the height reached
•	 Can be assessed with photoelectric cells (e.g. 

Optojump), pressure-sensitive mats or video 
analysis (e.g. My Jump app*) [27, 28]  
(Fig. 44.7)

*Validated iPhone application to assess jump 
height

Single-Leg Hop Test [25]
•	 Single-leg horizontal jump
•	 Measure the distance between the initial con-

tact and the landing point
•	 Can be assessed through video analysis or 

direct measure with a simple tape measure
•	 Careful assessment of landing mechanics [hip 

adduction, knee valgus, stiffness] may identify 
players’ risk of injury such as ACL ruptures 
(Fig. 44.8)

Single-Leg Triple Hop Test [29]
•	 Three consecutive horizontal single-leg jumps
•	 Measure the distance between the initial con-

tact and the finishing point
•	 Can be assessed through video analysis or 

direct measure with a simple tape measure
•	 As mentioned above, landing mechanics 

should be assessed. If any potential problems 

are noted, then further detailed investigation is 
warranted

•	 Limitations
–– Strongly dependent of athlete’s technique 

and motivation
–– Performance is significantly dependent of 

motor control rather than strength by itself

Endurance Strength
As discussed earlier, besides lack of evidence 
as an injury risk factor, endurance testing may 
be relevant when assessing calf muscle strength 
in football players, regarding its implications 
not only to calf injuries but also to lower limb 
kinematics (e.g. synergy between gastrocne-
mius and hamstring during landing and ACL 
injury risk) [30].

This way, an endurance strength test might be 
used for the calf muscles, focused on gastrocne-
mius or soleus muscle, depending on the knee flex-
ion degree. Attention should be paid to the quality 
of the movement, whilst a balanced number of heel 
raises is expected between sides [31] (Fig. 44.9).

Fig. 44.8  Single-leg hop test
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44.3.2.2	 �ROM and Flexibility
This section will focus on the most relevant tests 
regarding injury risk factor identification as 
addressed in the first level of the screening levels 
– general health (physical examination).

In this screening, the clinician should focus on 
the imbalance between sides and also in 
significant loss of ROM/flexibility if both sides 
are limited (Figs. 44.10, 44.11, 44.12, 44.13, 44.14 
and 44.15).

Several injuries and dysfunctional movement 
patterns in football are correlated with loss of 
mobility in the hip (e.g. groin syndrome), knee 
(e.g. patellofemoral syndrome) and ankle (e.g. 
knee dynamic valgus) joints, which is what makes 
this assessment mandatory in order to detect injury 
risk factors of the players [32–36].

44.3.2.3	 �Motor Control
Inadequate movement quality has been proposed 
to have a significant effect on musculoskeletal 
injuries. Researchers suggest that certain move-
ment patterns might be harmful during sports’ 
practice (e.g. excessive hip internal rotation), 
leading to injury [37].Fig. 44.9  Calf endurance test

Fig. 44.10  Thomas test
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Fig. 44.11  Passive knee fallout test

Fig. 44.12  Hip internal rotation test

Fig. 44.13  Hip external rotation test

Fig. 44.14  Active-knee-extension test
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Fig. 44.15  Dorsiflexion lunge test

Fig. 44.16  Y-balance test

Movement quality is strictly dependent of an 
individual’s motor control, defined as a system 
responsible for the movement planning, execu-
tion and correction, whilst interpreting informa-

tion gathered and processed from the afferent 
organs and receptors. Through this system, 
humans are able to select a specific motor scheme 
in order to perform the required task efficiently, 
as well as detecting movement mistakes and cor-
recting them during the action – feedforward and 
feedback mechanisms [38].

The aim of this screening is to detect dysfunc-
tional movement patterns of the player during 
sports-specific movements (e.g. landing, deceler-
ating, side-cutting) than can lead to increased 
injury risk.

Dysfunctional movement patterns have been 
linked to several musculoskeletal injuries in 
sports, both acute (e.g. ACL injury) and/or over-
load (e.g. patellofemoral syndrome). A signifi-
cant amount of the research in this area has 
focused mainly on hip, knee and foot kinematics, 
regarding lower limb injuries due to increased 
dynamic valgus moments or foot overpronation 
[19, 20, 39].

The most frequently used movements/tests 
to identify motor control imbalances are the 
Y-balance test (Fig. 44.16) [40], which gives a 
quantitative information that correlates with 
lower limb injury risk, especially with ankle 
chronic instability, single-leg squat (Fig. 44.17), 
landing technique (Fig. 44.18), side-cutting 
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Fig. 44.17  Single-leg squat – left: correct pattern; right, dysfunctional pattern

Fig. 44.18  Landing technique – left: correct pattern; right, dysfunctional pattern

(Fig. 44.19), anterior and lateral decelerations 
(Figs. 44.20 and 44.21) as well as running tech-
nique (the latter will be discussed further on in 
this chapter) [18, 19, 39, 41].

During these tests, clinicians should focus on 
whole body kinematics, in order to detect 
dysfunctional movement patterns. The most 
commonly identifiable ones are:
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Fig. 44.19  Side-cutting – left: correct pattern; right, dysfunctional pattern

Fig. 44.20  Lateral deceleration – left: correct pattern; right, dysfunctional pattern
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Fig. 44.21  Anterior deceleration – left: correct pattern; right, dysfunctional pattern

•	 Excessive foot pronation
•	 Decreased ankle dorsiflexion
•	 Knee dynamic valgus
•	 Excessive hip internal rotation
•	 Pelvic tilt

Data Collection
In order to help identify dysfunctional movement 
patterns during the tests, clinicians should have a 
slow motion camera in order to be able to detect 
not only the major but also the minor movement 
impairments during the tasks. A simple video 
analysis without any other special software is 
usually enough in a clinical perspective; how-
ever, for more detailed data that may be used for 
research purposes, motion capture systems (e.g. 
Vicon) might also be used. Apart from being con-
siderably expensive, those systems have several 
limitations to use in a clinical/club setting:

•	 Require special infrastructures
•	 Specialised professional to set-up the system
•	 Time-consuming

Core Stability
Although controversy still exists in the literature 
regarding the benefits of core stabilisation train-
ing, it has been proposed by some authors that it 
can lead to a decrease in the injury risk in sports, 
due to the beneficial effects seen on whole body 
kinetics and kinematics (e.g. landing) [42].

Besides being a very popular concept in sports 
medicine, there are no widely accepted reliable 
tests for assessing core stability. However, con-
sidering its definition proposed by Kibler: “The 
ability to control the position and motion of the 
trunk over the pelvis and to allow optimum pro-
duction, transfer, and control of force and motion 
to the terminal segment in integrated athletic 
activities”, core stability is a requirement to cor-
rect movement patterns during sports-specific 
tasks, being implicated in the movements tested 
above [43].

Considering that there are no reliable tests to 
assess it, core stability should be indirectly 
assessed considering the quality of the movement 
patterns of the previously mentioned functional 
tasks [44].
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44.3.2.4	 �Running Pattern Analysis
Running technique assessment is extremely 
important considering its association with several 
injuries in sports, especially the overuse ones. 
However, recent research has also correlated it 
with some acute injuries in sports (e.g. hamstring 
strain), highlighting its relevance to football 
practice [20].

For example, rear-foot strikers have 2.5 times 
greater probability of developing lower patello-
femoral repetitive stress injuries than front-foot 
strikers, considering the decreased amount of 
absorbed force during the heel strike. However, 
front-foot strikers have an increased risk of 
Achilles tendon or foot and ankle injuries [45, 46].

This assessment should be aimed at detecting 
dysfunctional movement patterns during running 
that may reflect structural or functional imbal-
ances in terms of strength, motor control or flex-
ibility, as well as being an injury risk factor. 
Clinicians should pay attention to:

•	 Type of foot strike
•	 ROM balance between sides during stance 

phases (e.g. ankle dorsiflexion) and swing 
phases (e.g. knee extension)

•	 Foot behaviour in stance phase – especially in 
the frontal plane

•	 Shin behaviour in stance phase – especially in 
the frontal plane

•	 Knee behaviour in stance phase – especially 
dynamic knee valgus

•	 Hip behaviour in stance phase  – focus on 
excessive internal rotation or decreased hip 
extension (toe off)

•	 Pelvic tilt in stance phase
•	 Increased lumbar extension during the toe off
•	 Asymmetrical trunk rotation

The most commonly used devices/techniques 
to assess athlete’s running pattern are:

•	 Direct video analysis
–– Usually lateral and posterior assessment in 

treadmill – anterior view may be blocked 
by the treadmill itself

–– Low cost
–– User-friendly

–– Qualitative data
–– Subjective analysis

•	 Force platforms
–– Requires special equipment
–– Focused on foot assessment
–– Does not allow whole body analysis
–– Quantitative data

•	 Global Positioning Systems (GPS) –  
Accelerometer
–– High cost
–– User-friendly
–– Provides an easy follow-up
–– Can be used on a daily basis
–– Quantitative data showing only the imbal-

ance between limbs
•	 Motion capture systems

–– Very high cost
–– Requires special infrastructures and techni-

cian to set-up the system
–– Time-consuming
–– Qualitative and quantitative data
–– Suitable for research purposes

Considering time and financial resources 
implicated in each device, from our perspective, 
direct video analysis together with the data col-
lected from the GPS unit might be an efficient 
way to gather relevant information regarding ath-
letes’ running pattern.

44.3.3	 �Performance Testing

Football performance is not an easy subject to 
study because it depends not only of the fitness of 
the player but also from his technical and tactical 
skills. Considering this, football players’ perfor-
mance is often limited by their physical perfor-
mance assessment.

Before assessing players’ fitness level, it is 
extremely relevant to understand the specific 
football physical demands. Football is a hybrid 
sport characterised by intermittent exercise 
bouts of short intense activity alternated by lon-
ger periods of low-level moderate-intensity 
exercise [47].

Several tests have been proposed to assess 
football players’ physical performance, for 
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example, VO2 max, strength qualities, agility and 
maximum speed/sprint.

44.3.3.1	 �VO2 max
VO2 max can be defined as the upper limit on an 
individual’s ability to take in and consume O2 
(individual versus standardized).

The importance of having a high maximal 
aerobic power (VO2 max) is still being heavily 
debated in football, but there is some evidence 
suggesting that lower ranked teams have lower 
VO2 max compared with teams with better per-
formance [24, 48].

There are several validated laboratory tests 
that can be used to determine VO2 max (e.g. 
incremental treadmill test); however, those tests 
lack specificity in relation to its use in a football 
player, because a laboratory is not able to recre-
ate field context. Instead, there are field tests that 
can be performed to predict VO2 max, of which 
the most commonly used are the Cooper test and 
the Yoyo Intermittent Recovery Test.

Although both tests can fairly accurately rec-
reate a football context (field test), the one that 
best simulates football physical demands is the 
Yoyo Intermittent Recovery Test because, unlike 
Cooper Test’s continuous running profile, it is 

composed of bouts of high-intensity actions in 
between active recovery periods [49, 50].

•	 Yoyo Intermittent Recovery Test (Fig. 44.22)
–– Focus on ability to recover after intense 

exercise
–– 20-m running back and forth at a controlled 

speed
–– 10-s active recovery between bouts
–– Incremental speed during the test
–– Stops when player is unable to maintain the 

speed required
–– 2–15-min duration
–– VO2 max may be predicted with test scores 

using an equation
–– Test itself is a better indicator of football 

performance than the VO2 max.
•	 Positive correlation with player’s 

amount of high intensity running per-
formed during a match

•	 Positive correlation with lower decrease 
of high intensity running towards the 
end of the match

•	 Positive correlation with player’s dis-
tance covered during a match

–– User-friendly
–– Inexpensive

Sprint Side to SideActive
Recovery

20 m5 m

Fig. 44.22  Yoyo 
intermittent recovery test
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Table 44.4  Strength qualities and definitions (Adapted from McGuigan et al. [53]; Newton et al. [54]; Flanagan et al. [63])

FOOTBALL
MEDICINE Strength qualities

Maximum strength Highest force value that the neuromuscular system can produce during a 
concentric, eccentric or isometric action, independently of time

Power
P = F × V

High load Highest force value that the neuromuscular system can produce during an 
eccentric/concentric or concentric actions, with a medium to high load  
(> 60% 1-RM)

Low load Highest force value that the neuromuscular system can produce during an 
eccentric/concentric or concentric actions, with a low load (0–30% 1-RM)

Rate of force development Slope of the force x time curve, expressing neuromuscular system’s ability to 
generate force rapidly

Reactive strength Capability to produce maximum force, on a minimal timeframe, concentrically 
after a quick eccentric action

After determining player’s VO2 max, sports pro-
fessionals might be able to predict his aerobic and 
anaerobic threshold through specific equations.

44.3.3.2	 �Strength Qualities
In football, there are around 1000–1400 strength 
and power actions per match. Actions like sprint-
ing, jumping and kicking are known to be critical 
in a football match; therefore, it is not surprising 
that maximum and power strength capabilities 
can distinguish competitive levels between foot-
ball players [24, 48, 51].

From a mechanical perspective, power is the 
product of force and velocity, so one can expect an 
increase in power after an increase in force, velocity 
or both [52]. Considering this, it is easy to under-
stand why maximum strength strongly correlates 
with performance of power tasks such as maximum 
speed, sprinting and jumping ability [24].

When assessing strength, sports professionals 
must consider that, although maximum strength 
positively correlates with football performance, 
using it in isolation to create a profile of the player 
may be too simplistic because strength can be 
divided in different qualities that also influence play-
ers’ physical skills [52, 53], as shown in Table 44.4.

Considering the importance of closed-kinetic 
chain (CKC) movements to football performance 
(e.g. sprinting, side-cutting, decelerating), and 
often strength values are assessed analytically in 
an open-kinetic chain (OKC) pattern, sports pro-

fessionals are advised to use CKC football-
relevant movements to measure strength. An 
example of the different strength quality assess-
ments are represented below:

Maximum Strength [55, 56]
•	 Concentric or isometric contraction
•	 Traditionally, a bilateral barbell squat may be 

used
–– Isometric: dynamometer or force plat-

form  – no variation on force-length and 
force-velocity curve and therefore are com-
monly used in the sports science field

–– Concentric: usually incremental load  – 
variation on force-length and force-velocity 
curve

–– Squat 1-RM greater than 2x bodyweight 
positively correlates with better perfor-
mance in sports-specific actions

Power: Low Load/High Velocity Force [52]
•	 To determine exact force value is expen-

sive  – force platforms  – however, it can be 
measured indirectly using certain devices 
previously mentioned or through distance 
measurement

•	 Inexpensive lower body assessment
–– Vertical jump height
–– Horizontal jump distance

•	 Inexpensive upper body assessment
–– Medicine-ball throw distance
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•	 Regarding football demands, this is a very 
important strength quality that needs to be 
assessed because football specific drills are 
performed at bodyweight and with high veloc-
ity – accelerating and jumping

Power: High-Load/Low-Velocity Force [57]
•	 Professionals may need a force platform or at 

least a contact mat in order to assess loaded 
(2x bodyweight) and unloaded (bodyweight) 
squat jump height

–– Determine Bosco Index, indicating player’s 
needs in terms of force or speed – optimal 
score: 33%

Reactive Strength [58]
•	 Use of a force platform
•	 Perform a squat jump and a squat jump with 

countermovement (stretch-shortening cycle) 
in order to determine the elastic index (EI)
–– EI greater than 10–15% indicates that the 

player can take advantage of the elastic 
force and all the mechanisms of the stretch-
shortening cycle

•	 Extremely important strength quality in run-
ning, jumping, kicking and side-cutting

Rate of Force Development [58–61]
•	 Slope of a time-force curve, typically mea-

sured under isometric conditions with a force 
platform

•	 Measure player’s neuromuscular capability to 
rapidly achieve maximum strength

•	 Related to maximum strength and peak power 
output

•	 Important in sports performance because typi-
cally time to achieve maximum strength takes 
longer than the time available to do it (e.g. 
ground contact time of the foot on the floor is 
lower than the time needed to achieve maxi-
mum force)

44.3.3.3	 �Agility
At the moment, there is no consensus in the sports 
science community regarding a clear agility defini-
tion. Agility has been classically defined as the abil-
ity to change direction rapidly and accurately. 
However, some authors suggest that this definition 

is more prone to characterise the meaning of chang-
ing of direction speed rather than agility, as the latter 
implies a changing of direction in response to a 
stimulus – spatial and temporal agility.

Nevertheless, agility in football is usually 
assessed with change of direction speed tests, the 
T-test being the most commonly used (see 
Fig. 44.23). The player should perform the test in 
both directions, and then his timings should be 
collected [62].

44.3.3.4	 �Maximum Speed and Sprint 
Testing

Maximum speed represents one of the most valu-
able qualities in football, being positively corre-
lated with players’ performance. This quality 
may be assessed through a sprint test, which can 
be also used to determine acceleration ability.

In the past, maximum speed was calculated 
considering the time spent during a 30–40 m run-
ning; however, the result was significantly 
dependent on player’s ability to accelerate. 
Nowadays, with the development of the GPS and 
its usage on the sports science field, it is possible to 
determine the exact maximum speed of the player, 
without his acceleration ability interference.

In order to achieve maximum speed, athletes 
usually need a sprint distance of around 60 m, 
however, and considering football specificity, 
the test may be performed instead with a 30–40 m 

4.57m
9.
14

m

Fig. 44.23  T-test layout (Adapted from Sporis et al. [62])
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sprint as players very rarely cover more than that 
distance whilst sprinting during games.

�Conclusion

Performing a preseason evaluation of football 
players is an extremely important step before 
starting to play football because it allows 
sports professionals to screen for and prevent 
possible fatal events. In addition, this early 
screening will unveil players’ individual needs 
in terms of potentially modifiable injury risk 
factors and fitness capabilities.

Preseason screening will further allow 
sports professionals to plan individual play-
ers’ programmes throughout the season, 
decreasing injury risk and improving their 
performance and ultimately increasing the 
team’s probability of success.

A conscious and meticulous choice of the 
tests should be taken by the sports profession-
als in order to respect the five rules of the pre-
season evaluation planning.

References

	 1.	Barnes C, Archer DT, Hogg B, Bush M, Bradley 
PS.  The evolution of physical and technical perfor-
mance parameters in the English Premier League. Int 
J Sports Med. 2014;35:1–6.

	 2.	Kramer EB, Dvorak J, Schmied C, Meyer T. F-MARC: 
promoting the prevention and management of 
sudden cardiac arrest in football. Br J  Sports Med. 
2015;49(9):597–8.

	 3.	Fuller CW, Junge A, Dvorak J.  Risk management: 
FIFA’s approach for protecting the health of football 
players. Br J Sports Med. 2012;46(1):11–7.

	 4.	Brukner P, Nealon A, Morgan C, Burgess D, Dunn 
A.  Recurrent hamstring muscle injury: applying the 
limited evidence in the professional football setting 
with a seven-point programme. Br J  Sports Med. 
2014;48(11):929–38.

	 5.	McCall A, Carling C, Davison M, Nedelec M, Gall 
FL, Berthoin S, et  al. Injury risk factors, screen-
ing tests and preventative strategies: a systematic 
review of the evidence that underpins the percep-
tions and practices of 44 football (soccer) teams 
from various premier leagues. Br J  Sports Med. 
2015;49:583–9.

	 6.	Mosler AB, Agricola R, Weir A, Hölmich P, 
Crossley KM.  Which factors differentiate athletes 
with hip/groin pain from those without? A system-

atic review with meta-analysis. Br J  Sports Med. 
2015;49(12):1–12.

	 7.	Lee JC, Mitchell AW, Healy JC.  Imaging of 
muscle injury in the elite athlete. Br J  Radiol. 
2012;85:1173–85.

	 8.	Gulati V, Jaggard M, Al-Nammari SS, Uzoigwe C, 
Gulati P, Ismail N, et  al. Management of achilles 
tendon injury: A current concepts systematic review. 
World J Orthop. 2015;6(4):380–6.

	 9.	Henderson RE, Walker BF, Young KJ. The accuracy 
of diagnostic ultrasound imaging for musculoskeletal 
soft tissue pathology of the extremities: a compre-
hensive review of the literature. Chiropr Man Therap. 
2015;23:2–29.

	10.	Brooks MA, Peterson K, Biese K, Sanfilippo J, 
Heiderscheit BC, Bell DR.  Concussion increases 
odd of sustaining a lower extremity musculoskeletal 
injury after return to play among collegiate athletes. 
Am J Sports Med. 2016;19:742–7.

	11.	Clark JF, Graham P, Ellis JK, Mangine RE, Rauch JT, 
Bixenmann B, Hasselfeld A, Divine JG, Colosimo 
J, Myer GD.  An exploratory study of the potential 
effects of vision training on concussion incidence in 
football. Optom Vis Perform. 2015;3(2):116–25.

	12.	Evans KM, Ketcham CJ, Folger S, Vallabhajosula S, 
Hall E. Relationship between information processing 
and postural stability in collegiate division I NCAA 
athletes: does concussion history matter? Int J Phys 
Med Rehabil. 2015;3(2):268.

	13.	Gay-Escoda C, Vieira-Duarte-Pereira DM, Ardèvol 
J, Pruna R, Fernandez J, Valmaseda-Castellón 
E. Study of the effect of oral health on physical con-
dition of professional soccer players of the Football 
Club Barcelona. Med Oral Patol Oral Cir Bucal. 
2011;16(3):436–9.

	14.	Bar-Eli M, Plessner H, Raab M. Judgment, decision-
making and success in sport. New Jersey: Wiley-
Blackwell; 2011.

	15.	Vaeyens R, Lenoir M, Williams AM, Philippaerts 
RM.  Mechanisms underpinning successful deci-
sion making in skilled youth soccer players: an 
analysis of visual search behaviors. J  Mot Behav. 
2007;39:395–408.

	16.	Croisier JL, Ganteaume S, Binet J, Genty M, Ferret 
JM. Strength imbalances and prevention of hamstring 
injury in professional soccer players: a prospective 
study. Am J Sports Med. 2008;36(8):1469–75.

	17.	Noronha M d, Refshauge KM, Herbert RD, Kilbreath 
SL.  Do voluntary strength, proprioception, range of 
motion, or postural sway predict occurrence of lateral 
ankle sprain? Br J Sports Med. 2006;40(10):824–8.

	18.	Cortes N, Morrison S, Lunen BL, Onate JA. Landing 
technique affects knee loading and position dur-
ing athletic tasks. J  Sci Med Sport. 2012;15(2): 
175–81.

	19.	Ferber R, Kendall KD, Farr L. Changes in knee bio-
mechanics after a hip-abductor strengthening protocol 
for runners with patellofemoral pain syndrome. J Athl 
Train. 2011;46(2):142–9.

R. Ferreira et al.



513

	20.	Newman P, Witchalls J, Waddington G, Adams 
R.  Risk factors associated with medial tibial stress 
syndrome in runners: a systematic review and meta-
analysis. J Sports Med. 2013;4:229–41.

	21.	Bolgla LA, Malone TR, Timothy L. Comparison of 
hip and knee strength and neuromuscular activity in 
subjects with and without patellofemoral pain syn-
drome. Int J Sports Phys Ther. 2011;6(4):285–96.

	22.	Thorborg K, Branci S, Hölmich P. Eccentric and iso-
metric hip adduction strength in male soccer play-
ers with and without adductor-related groin pain: an 
assessor-blinded comparison. Orthop J  Sports Med. 
2014;2(2):1–7.

	23.	Malliaras P, Hogan A, Nawrocki A, Crossley K, 
Schache A.  Hip flexibility and strength measures: 
reliability and association with athletic groin pain. Br 
J Sports Med. 2009;43:739–44.

	24.	Wisløff U, Helgerud J, Hoff J.  Strength and endur-
ance of elite soccer players. Med Sci Sports Exerc. 
1998;30(3):501–36.

	25.	Kockum B, Heijne A. Hop performance and leg mus-
cle power in athletes: reliability of a test battery. Phys 
Ther Sport. 2015;16(3):222–7.

	26.	Mclellan CP, Lovell DI, Gass GC.  The role of rate 
of force development on vertical jump performance. 
J Strength Cond Res. 2011;25(2):379–85.

	27.	Castagna C, Ganzetti M, Ditroilo M, Giovannelli M, 
Rocchetti A, Manzi V.  Concurrent validity of verti-
cal jump performance assessment systems. J Strength 
Cond Res. 2012;27(3):761–8.

	28.	Balsalobre-Fernándeza C, Glaister M, Lockey 
RA. The validity and reliability of an iPhone app for 
measuring vertical jump performance. J  Sports Sci. 
2015;33(15):1574–9.

	29.	Hamilton RT, Shultz SJ, Schmitz RJ, Perrin 
DH.  Triple-hop distance as a valid predictor of 
lower limb strength and power. J  Athl Train. 
2008;43(2):144–51.

	30.	Morgan K, Donnelly C, Reinbolt J. Elevated gastroc-
nemius forces compensate for decreased hamstrings 
forces during the weight-acceptance phase of single-
leg jump landing: implications for anterior cruci-
ate ligament injury risk. J  Biomech. 2014;47(13): 
3295–302.

	31.	Möller M, Lind K, Styf J, Karlsson J.  The reliabil-
ity of isokinetic testing of the ankle joint and a heel-
raise test for endurance. Knee Surg Sports Traumatol 
Arthrosc. 2005;13(1):60–71.

	32.	Askling CM, Nilsson J, Thorstensson A. A new ham-
string test to complement the common clinical exami-
nation before return to sport after injury. Knee Surg 
Sports Traumatol Arthrosc. 2010;18:1798–803.

	33.	Halabchi F, Mazaheri R, Seif-Barghi T. Patellofemoral 
pain syndrome and modifiable intrinsic risk factors; 
how to assess and address? Asian J  Sports Med. 
2013;4(2):85–100.

	34.	Reiman MP, Mather RC, Cook CE. Physical examina-
tion tests for hip dysfunction and injury. Br J Sports 
Med. 2013;1:1–6.

	35.	Nevina F, Delahunt E. Adductor squeeze test values 
and hip joint range of motion in Gaelic football ath-
letes with longstanding groin pain. J Sci Med Sport. 
2014;17(2):155–9.

	36.	Hoch MC, Farwell KE, Gaven SL, Weinhandl 
JT. Weight-bearing dorsiflexion range of motion and 
landing biomechanics in individuals with chronic 
ankle instability. J Athl Train. 2015;50(8):833–9.

	37.	Souza RB, Powers CM. Differences in hip kinematics, 
muscle strength, and muscle activation between sub-
jects with and without patellofemoral pain. J Orthop 
Sports Phys Ther. 2009;39(1):12–9.

	38.	Vliet PM, Heneghan NR. Motor control and the man-
agement of musculoskeletal dysfunction. Man Ther. 
2006;11:208–13.

	39.	Laughlin WA, Weinhandl JT, Kernozek TW, Cobb 
SC, Keenan KG, O’Connor KM. The effects of single-
leg landing technique on ACL loading. J  Biomech. 
2011;44:1845–51.

	40.	Gonell AC, Romero JA, Soler LM.  Relationship 
between the Y balance test scores and soft tissue 
injury incidence in a soccer team. Int J Sports Phys 
Ther. 2015;10(7):955–66.

	41.	Pollard C, Sigward S, Powers C.  Gender differ-
ences in hip joint kinematics and kinetics dur-
ing side-step cutting maneuver. Clin J  Sport Med. 
2007;17(1):38–42.

	42.	Araujo S, Cohen D, Hayes L.  Six weeks of core 
stability training improves landing kinetics among 
female Capoeira athletes: a pilot study. J Hum Kinet. 
2015;45:27–37.

	43.	Kibler W, Press J, Sciascia A. The role of core sta-
bility in athletic function. Sports Med. 2006;36(3): 
189–98.

	44.	Weir A, Darby J, Inklaar H, Koes B, Bakker E, Tol 
JL. Core stability: inter- and intraobserver reliability 
of 6 clinical tests. Clin J Sport Med. 2010;20:34–8.

	45.	Daoud A, Geissler G, Wang F, Saretsky J, Daoud Y, 
Lieberman D. Foot strike and injury rates in endur-
ance runners: a retrospective study. Med Sci Sports 
Exerc. 2012;44(7):1325–34.

	46.	Kulmala J, Avela J, Pasanen K, Parkkari J. Forefoot 
strikers exhibit lower running-induced knee load-
ing than rearfoot strikers. Med Sci Sports Exerc. 
2013;45(12):2306–13.

	47.	Polman R, Walsh D, Bloomfield J, Nesti M. Effective 
conditioning of female soccer players. J Sports Sci. 
2004;22:191–203.

	48.	Stølen T, Chamari K, Castagna C, Wisløff 
U.  Physiology of soccer: an update. Sports Med. 
2005;35(6):501–36.

	49.	Krustrup P, Mohr M, Amstrup T, Rysgaard T, Johansen 
J, Steensberg A, et al. The Yo-Yo intermittent recov-
ery test: physiological response, reliability, and valid-
ity. Med Sci Sports Exerc. 2003;35(4):697–705.

	50.	Krustrup P, Mohr M, Nybo L, Jensen J, Nielsen 
J, Bangsbo J.  The Yo-Yo IR2 test: physiological 
response, reliability, and application to elite soccer. 
Med Sci Sports Exerc. 2006;38(9):1666–73.

44  Preseason Evaluation



514

	51.	Faina M, Gallozi C, Lupo S. Definition of the physi-
ological profile of the soccer player. London: Science 
and Football; 1988. p. 156–63.

	52.	Newton R, Kraemer W. Developing explosive muscu-
lar power: implications for a mixed methods training 
strategy. Strength Cond J. 1994;16(5):20–31.

	53.	McGuigan MR, Cormack SJ, Gill ND. Strength and 
power profiling of athletes: selecting tests and how 
to use the information for program design. Strength 
Cond J. 2013;35(6):7–14.

	54.	Newton R, Duran E. Application of Strength Diagnosis. 
National Strength & Conditioning Association. 2002; 
24(5):50–9.

	55.	Young KP, Haff GG, Newton RU, Gabbett TJ, 
Sheppard JM. Assessment and monitoring of ballistic 
and maximal upper-body strength qualities in ath-
letes. Int J Sports Physiol Perform. 2015;10(2):232–7.

	56.	Young KP, Haff GG, Newton RU, Sheppard 
JM. Reliability of a novel testing protocol to assess 
upper-body strength qualities in elite athletes. Int 
J Sports Physiol Perform. 2014;9(5):871–5.

	57.	Bosco C. Strength assessment with the Bosco’s Test. 
Rome: Italian Society of Sports Science; 1999.

	58.	Haff GG, Stone M, O’Bryant HS, Harman E, Chris 
D, Johnson R, Han KH. Force-time dependent char-
acteristics of dynamic and isometric muscle actions. 
J Strength Cond Res. 1997;11(4):269–72.

	59.	Haff GG, Carlock JM, Hartman MJ, Kilgore JL, 
Kawamori N, Jackson JR, Morris RT, Sands WA, Stone 
MH. Force- time curve characteristics of dynamic and 
isometric muscle actions of elite women Olympic 
weightlifters. J Strength Cond Res. 2005;19:741–8.

	60.	Stone MH, O’Bryant HS, McCoy L, Coglianese R, 
Lehmkuhl M, Schilling B. Power and maximum strength 
relationships during performance of dynamic and static 
weighted jumps. J Strength Cond Res. 2003;17(1):140–7.

	61.	Zatsiorsky VM, Kraemer W.  Science and practice 
of strength training. 2nd ed. Champaign: Human 
Kinetics; 2006.

	62.	Sporis G, Jukic I, Milanovic L, Vucetic V. Reliability 
and factorial validity of agility tests for soccer play-
ers. J Strength Cond Res. 2010;24(3):679–86.

	63.	Flanagan EP, Comyns TM. The use of contact time 
and the reactive strength index to optimize fast 
stretch-shortening cycle training. Strength Cond J. 
2008;30(5):32–8.

R. Ferreira et al.



515© ISAKOS 2017 
J. Espregueira-Mendes et al. (eds.), Injuries and Health Problems in Football, 
DOI 10.1007/978-3-662-53924-8_45

From Cardiac Preparticipation 
Evaluation to Sudden Cardiac 
Death

Pedro von Hafe, João Freitas, and Ovídio Costa

Contents

45.1	 �Other Testing �   518
45.1.1 � Recommendations for Patients with  

Congenital Heart Defects �   518
45.1.2 � Suspicion of Hypertrophic  

Cardiomyopathy in an Athlete �   520

�References �   522

There has been growing interest in both risks and 
benefits of exercise, as well as the relationship 
between physical activity and cardiovascular 
health. Regular aerobic exercise improves health 
and may reduce the risk of fatal and nonfatal 
myocardial infarction. In contrast, acute vigorous 
physical exertion may trigger sudden death or 
cardiovascular events in the presence of underly-
ing heart disease. Particularly intense exercise or 
sports competition may predispose athletes to an 
increased risk of sudden death or other major 
heart events.

There are several statements about the risk 
of sudden death associated with competitive 
sports participation, including in athletes with 
cardiovascular disease. These papers address 
insights and recommendations to physicians 
and sports institutions about secure eligibility 
that may contribute to the prevention of heart 
events during exercise including sudden cardiac 
death [1–5].

The incidence of sudden death in young ath-
letes is very low (1/80,000–300,000 per year) [4]. 
An underlying heart disease is responsible for the 
majority of these deaths. A cardiac preparticipa-
tion evaluation could minimize these events by 
identifying subjects at risk and not permitting 
those at risk from taking part in competitive sports.

The general recommendations for preparticipa-
tion screening include a thorough personal and 
family clinical history and physical examination 
of the athlete. This screening should be performed 
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by a trained physician with a long practice in the 
field to obtain a reliable, detailed cardiovascular 
history, perform a trustworthy physical exam, and 
recognize the possibility of heart disease.

Important clues in personal clinical history 
are chest pain or discomfort with exertion, 
unexplained syncope or near syncope con-
cluded not to be neurocardiogenic, especially 
when related to exertion, and excessive dyspnea 
with exertion.

Most diseases responsible for sudden death in 
the young athlete are genetic, so the family history 
is of paramount importance. Family history find-
ings that should be taken into account include 
antecedents in the family of premature death from 
heart disease before 50 years of age; major heart 
disease in close relative younger than 50 years old 
and certain cardiac conditions like hypertrophic 
cardiomyopathy (HCM), that is, the most com-
mon cause of sudden death in athletes; Marfan 
syndrome; arrhythmogenic right ventricular car-
diomyopathy or dysplasia; long QT syndrome; 
preexcitation syndrome; Brugada syndrome or 
other ion channel diseases; clinically important 
arrhythmias; congenital coronary artery anoma-
lies (that may contribute to almost 20% of sudden 
death in athletes); familial hypercholesterolemia; 
and premature coronary atherosclerosis.

When considering the current guidelines and 
recommendations, it must be noted that they are 
different in Europe and the USA [1–4]. Both the 
American College of Cardiology and the American 
Heart Association (AHA) agree that the obligatory 
screening of all athletes with an electrocardiogram 
(ECG) is not advised based on cost/efficacy due to 
the large number of tests that would be required, 
the low incidence of sudden death among athletes, 
as well as the concern for false-positive and false-
negative results [3]. The AHA recommendations 
propose 14-point history and physical examination 
elements [3]. On the other hand, the European 
Society of Cardiology (ESC) has an opposing 
view and recommends resting ECG for all young 
athletes before they are allowed to compete [1], 
and the International Olympic Committee, both 
have endorsed such view.

Whether performed for screening or diagnos-
tic purposes as part of the cardiac evaluation in 
athletes, it is critical that physicians responsible 
for the care of athletes be aware of ECG interpre-
tation standards that improve disease detection 
and reduce false-positive results, like the so-
called Seattle Criteria [6]. It is necessary to repeat 
annually the ECG screening given the fact that 
there are some cardiomyopathies that develop 
phenotypic evidence with time [7].

Hypertrophic cardiomyopathy is a primary and 
usually genetic heart disease with some known 
gene mutations. In this condition, there is a hyper-
trophied and non-dilated left ventricle. This con-
dition is the most common structural cardiac 
disease responsible for sudden death in young 
athletes. More than 95% of cases of HCM have an 
ECG with clearly pathologic features [8]. The 
occurrence of sudden death in a family member is 
a marker of elevated risk for all affected members, 
namely, with certain genetic mutations.

Arrhythmogenic right ventricular cardiomy-
opathy or dysplasia (ARVC) is characterized by a 
myocardial atrophy and progressive replacement 
by fibrosis and fat that affects the right ventricle 
primarily and is associated with malignant ven-
tricular arrhythmia with risk of sudden death. This 
condition has considerable regional variation in 
prevalence [9, 10]. Genetic studies have shown that 
it is a desmosomal cardiomyopathy that is caused 
by defective cell-adhesion proteins [11]. Clinical 
diagnosis depends on family occurrence, left bun-
dle-branch pattern ventricular tachyarrhythmias, 
T-wave inversion in leads V1–V3 and epsilon 
waves, and signs of right ventricular dilation or 
segmental wall motion abnormalities, aneurysm 
formation, or substantial fatty deposition in the right 
ventricular wall demonstrated by nuclear magnetic 
resonance (NMR) imaging [12, 13]. Diagnostic cri-
teria have been published and include quantitative 
variables [13]. Exercise might increase the arrhyth-
mic risk in ARVC. Athletes with a definitive, bor-
derline, or possible diagnosis of ARVC should not 
participate in competitive sports like football [13].

Left ventricle noncompaction (LVNC) is a 
recently recognized heart disease with sporadic 
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or familial occurrence [13]. It’s an uncommon 
entity that may result in ventricular arrhythmias, 
preexcitation pathways, thromboembolic events, 
heart failure, and sudden cardiac death [13]. 
Diagnosis is considered in the presence of two-
layered LV chamber that involves noncom-
pacted trabeculae with intertrabecular recesses 
on top of the normally compacted myocardium, 
limited to the distal and mid portions of the LV 
chamber and sparing the base [13]. Diagnosis is 
currently made in the presence of a ratio of non-
compacted to compacted myocardium >2.3:1 in 
end diastole by NMR or >2.1 at end diastole by 
echocardiogram [14, 15]. The current recom-
mendations of the AHA are that participation in 
competitive sports may be considered for 
asymptomatic patients with LVNC and normal 
systolic function, without significant ventricular 
tachyarrhythmias on Holter or exercise tests, 
and in history of unexplained syncope [13].

Brugada syndrome is a familial heart disease 
characterized by a particular ECG pattern associ-
ated with rapid polymorphic ventricular arrhyth-
mia leading to sudden death.

Congenital long QT syndrome is a genetic dis-
order that may be associated or not with deafness 
and increases the risk of ventricular arrhythmia 
called torsade de pointes that can be precipitated 
by physical activity and presents with syncope or 
sudden death and that, in general, is associated 
with a history of recurrent syncope.

Genetic testing is now available for the evalu-
ation of a patient with a suspected channelopathy 
like Brugada syndrome and congenital long QT 
syndrome.

Individuals with preexcitation syndrome 
including Wolff-Parkinson-White are predis-
posed to paroxysmal tachycardia and have an 
ECG with shortened PR interval with slurred 
upstroke of the QRS complex named delta wave. 
The incidence of sudden death in asymptomatic 
WPW is very low but may be the first clinical 
presentation.

Marfan syndrome is an autosomal dominant 
disorder that involves the connective tissue 
(abnormal fibrillin-1 attributable to mutations in 

the FBN1 gene), with physical features that 
include musculoskeletal, ocular, and great vessel 
abnormalities. It is estimated that the prevalence 
of this syndrome is 1  in 5000–10,000 subjects. 
Marfan syndrome is characterized by arachno-
dactyly, tall stature, kyphoscoliosis, and pectus 
excavatum. Death may occur from an acute aortic 
syndrome (aortic dissection or rupture) that may 
be triggered by exercise. There are other geneti-
cally triggered aortic syndromes that may 
increase the risk of acute aortic syndromes in ath-
letes, including Loeys-Dietz syndrome and 
Ehlers-Danlos syndrome.

Mitral valve prolapse is characterized by the 
myxomatous degeneration of the collagen layer 
of the valve. It is a benign and very common 
condition in the general and athlete population 
but has been reported that could be the only 
heart abnormality in young athletes with sudden 
death. Risk factors for sudden death in patients 
with mitral valve prolapse includes a family his-
tory of sudden death, recurrent episodes of syn-
cope, prolonged QT interval, moderate to severe 
mitral regurgitation, and complex ventricular 
arrhythmia.

The presence of a heart murmur must be 
acknowledged on physical examination. Heart 
auscultation must be performed in both supine 
and standing positions and with Valsalva maneu-
ver to identify dynamic left ventricular outflow 
tract obstruction murmurs. Some findings like 
mid- or end-systolic clicks, single or widely split 
and fixed with respiration second heart sound to 
exclude, for example, an ostium secundum atrial 
septal defect, implicate more cardiovascular 
studies, including an echocardiogram. Femoral 
pulse evaluation must be made to exclude coarc-
tation of the aorta.

After initial screening in athletes, it is consen-
sual to obtain history and blood pressure every 
year in subsequent years.

Some patients must be referred for additional 
testing if there is any positive finding on baseline 
history or ECG. There are some findings in the 
electrocardiogram that imply other tests [5] 
(Table 44.1).
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45.1	 �Other Testing

45.1.1	 �Recommendations 
for Patients with Congenital 
Heart Defects

Athletes with small interatrial or interventricular 
defects (open or after closure), normal right heart 
volume, and no pulmonary hypertension and 
those with a large atrial septal defect and normal 
pulmonary artery pressure can participate in all 
competitive sports. Athletes with atrial septal 
defect and mild pulmonary hypertension can 
only take part in low-intensity competitive sports, 
and so they must be excluded from football com-
petitions. Pulmonary hypertension is defined 
here as a mean pulmonary artery pressure 
>25 mm Hg or a pulmonary vascular resistance 
index of >3 Wood units [16]. Patients with an 
associated pulmonary vascular obstructive dis-
ease who have cyanosis and large right-to-left 
shunt should not participate in competitive sports 

[5, 16]. Patients with hemodynamically insignifi-
cant patent ductus arteriosus (open or after clo-
sure) can take part in all competitive sports.

ECG changes occur in up to 80% of trained 
athletes due to an adaptation of the cardiac auto-
nomic nervous system to exercise including sinus 
bradycardia or sinus arrhythmia. Profound sinus 
bradycardia (<30  beats/min) or marked sinus 
arrhythmia (pauses ≥3 s when awake) should be 
distinguished from sinus node dysfunction. In 
patients with third-degree AV block and Mobitz 
type II (type II second-degree), a thorough diag-
nostic evaluation is necessary.

There is no need to require systematic evalua-
tion with echocardiography unless one or more of 
the following are present: relevant symptoms, 
family history of cardiovascular diseases or sud-
den cardiovascular death, or ECG criteria for 
pathologic left ventricular hypertrophy.

Further evaluation is required if suspected 
ostium secundum atrial septal defect, suspected 
arrhythmogenic right ventricular cardiomyopathy 

Table 44.1  Findings in the electrocardiogram that implies additional tests in preevaluation of athletes

P wave
Left atrial enlargement – negative portion of P wave on lead V1 ≥ 0.1 millivolts (mV) and ≥ 
0.04 s
Right atrial enlargement – peaked P wave in leads II and III or V1 ≥ 0.25 mV

QRS complex
Frontal plane axis deviation – right ≥ 120° or left −30° to −90°
Increased voltage – amplitude of R or S wave in a standard lead ≥ 2 mV, S wave in lead V1 or 
V2 ≥ 3 mV, or R wave in lead V5 or V6 ≥ 3 mV
Abnormal Q waves ≥ 0.04 s or ≥ 25% of height of ensuing R wave or QS pattern in 2 or more 
leads
Right or left bundle branch block with QRS duration ≥ 0.12 s
R or R′ wave in lead V1 ≥ 0.5 mV in amplitude and R/S ratio ≥ 1

ST segment, T 
waves, and QT 
interval

ST segment depression or T-wave flattening or inversion in ≥ 2 leads
Prolongation of heart rate corrected QT interval > 0.44 s in males or > 0.46 s in females

Rhythm and 
conduction 
abnormalities

Premature ventricular beats or more severe ventricular arrhythmias
Supraventricular tachycardia, atrial flutter, or atrial fibrillation
Short PR interval (< 0.12 s) with or without delta wave
Sinus bradycardia with resting heart rate ≤40 beats/min (increasing <100 beats/min during 
limited exercise test)
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(incomplete right bundle branch block pattern 
associated with T-wave inversion beyond V2 to 
leads V3 and V4 or when accompanied by prema-
ture ventricular beats with left bundle branch 
block morphology), or suspected Brugada syn-
drome. Brugada syndrome is characterized by J 
wave (slow, positive deflection at R-ST junction) 
most perceptible in leads V1 and V2 with mini-
mal to no changes in other leads. Diagnosis of 
Brugada syndrome may be confirmed by drug 
challenge with sodium channel blockers. In the 
presence of Brugada-like ECG abnormalities, 
analysis of ST-T segment waveform can usually 
differentiate between Brugada ECG and right pre-
cordial early repolarization that appears in the 
athlete. Brugada syndrome is characterized by 
downsloping ST segment with STJ/ST80 ratio > 1 
[17]. Athletes show upsloping ST segment with 
mean STJ/ST80 ratio ≤ 1 [17]. It is obligatory to 
refer athletes with suspected Brugada ECG to a 
cardiologist with electrophysiologist knowledge 
for evaluation, including family history evaluation, 
risk stratification, and pharmacologic test with 
sodium channel blocking.

Usually, there is no need to further clinical 
evaluation if there is the presence of early repo-
larization, that is, a benign ECG pattern in young 
people and athletes. Typical characteristics of 
right precordial ST-T changes of early repolariza-
tion in trained athletes can easily be differenti-
ated from arrhythmogenic right ventricular 
cardiomyopathy and Brugada syndrome. An 
ECG pattern of early repolarization in inferior/
lateral leads associated with prominent terminal 
QRS slurring should be evaluated for idiopathic 
ventricular fibrillation.

If there is evidence of ST-segment depression 
on resting ECG (isolated or with T-wave inver-
sion), it requires further investigation to exclude 
heart disease, right atrial enlargement, and right 
ventricular hypertrophy and implies further 
assessment for congenital or acquired heart dis-
ease [17]. In the case of presence of T-wave 
inversion with deep inverted T waves ≥ 2 mm in 
two or more adjacent leads, it may indicate 
inherited heart muscle disease requiring clinical 
evaluation, the study of the family, and mutation 
analysis when appropriate. T-wave inversion in 

inferior (L2, L3, aVF) or lateral leads (L1, aVL, 
V5, V6) is uncommon and requires further eval-
uation to rule out underlying heart disease. It is 
significant to note that minor T-wave abnormali-
ties <2 mm in two or more leads are uncommon 
in athletes (occur in <0.5%) but are often seen in 
cardiomyopathy and may be present before evi-
dent structural changes in heart intraventricular 
conduction abnormalities [17]. Evidence of 
complete bundle branch block (QRS duration ≥ 
120  ms) or hemiblock also implies cardiac 
assessment to evaluate for underlying pathologic 
causes, including exercise testing, 24-h ECG, 
and imaging. When bifascicular block pattern is 
present, it is prudent to perform ECG on ath-
lete’s family to exclude Lenègre disease, an 
autosomal dominant progressive cardiac con-
duction disease. Nonspecific intraventricular 
conduction abnormalities (prolonged QRS > 
110 ms) may be indicative of heart muscle dis-
ease (such as ARVC) and imply further investi-
gation [17]. Ventricular preexcitation (Wolff- 
Parkinson-White) assessment should include 
symptoms (syncope or palpitation) and family 
history of cardiomyopathy, preexcitation, or sud-
den death. To assess the risk of arrhythmia and 
corroborate diagnosis, it is mandatory to make 
24-h ECG, exercise testing, adenosine/verapamil 
testing, and electrophysiological study for induc-
ible atrioventricular reentrant tachycardia and 
refractory nature of the accessory pathway [17]. 
If there is a long QT interval, it is crucial to be 
aware that a corrected QT interval ≥ 500 ms is 
indicative of acquired or congenital long QT 
syndrome despite family history or symptoms 
including syncopal episodes. Corrected QT 
interval > 440 ms in male athletes and > 460 ms 
in female, but < 500 ms requires further assess-
ment for diagnosis [17]. Exercise testing may 
assist in diagnosis confirmation [17]. In the case 
of short QT interval (≤ 380 ms), further evalua-
tion is necessary to rule out metabolic causes 
and drugs. Of note is that short QT interval 
could be associated with anabolic androgenic 
steroid abuse in trained athletes. If there is no 
visible acquired source, refer the athlete for 
familial ECG screening and molecular genetic 
evaluation [17].
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45.1.2	 �Suspicion of Hypertrophic 
Cardiomyopathy in an Athlete

Correct risk stratification and relevant sports inel-
igibility are based on the evidence that sudden 
death may be the first clinical manifestation of 
HCM, particularly in the young (<30 years). This 
disease is defined as unexplained left ventricular 
hypertrophy in the absence of other cardiac or 
systemic conditions that lead to ventricular wall 
thickness. The clinical features that support the 
diagnosis of HCM in the differential with hyper-
tensive cardiomyopathy include several items. 
These are the familial history, the presence of 
right ventricular hypertrophy, late gadolinium 
enhancement at insertion point of the right ven-
tricle or in  localized segments of maximum 
thickness of the left ventricle in cardiac NMR, 
maximum LV wall thicknesses of 15 mm or more 
in whites and 20 mm in blacks, severe diastolic 
dysfunction, and severe disturbances of 
repolarization and conduction or pathological Q 
waves in the ECG.

In athletes under the age of 30, HCM is the 
first cause of sudden death (reaching more than a 
third of total) [18]. Preparticipation screening 
will increase the number of suspected cases of 
HCM and allow a final diagnosis in more cases. 
Lethal ventricular arrhythmias generally cause 
sudden death. High-intensity exercise may be the 
trigger of the arrhythmia and is considered a risk 
factor for sudden death. The signs and symptoms, 
natural history, and prognosis in HCM are vari-
able. The estimation of risk based only on pheno-
typic expression is difficult. The occurrence of 
sudden death in a family member is a marker of 
high risk for all affected members. Some cases 
are not genotypically affected, but this is a rare 
finding. HCM is inherited as a Mendelian autoso-
mal dominant trait. It should be noted that the 
risk associated with exercise for athletes with 
cardiovascular diseases is difficult to quantify, 
given the various situations to which individual 
athletes may be exposed (degree of hydration, 
electrolytes variations, catecholamine levels).

There can be more than 1500 mutations in 
any one of 11 genes which encode proteins of 
the sarcomere (the contractile unit of cardiac 

muscle), the components of which are thick or 
thin myosin filaments with contractile, struc-
tural, or regulatory functions, adjacent Z-disk, 
and calcium handling [19]. The three most com-
mon HCM-causing mutant genes are the 
α-myosin heavy chain, cardiac troponin T, and 
myosin-binding protein C. Some genetic muta-
tions such as cardiac troponin T mutations are 
associated with a particular adverse prognosis. 
Other genes account for a minority of HCM 
cases, including cardiac troponin I, myosin light 
chains, titin, α-tropomyosin, α-actin, and 
α-myosin heavy chain [20]. Along the substan-
tial number of mutant genes, there is an HCM 
intragenic heterogeneity: most of the mutations 
are missense, where a single amino acid residue 
is substituted with another. Myocyte disarray, 
fibrosis, and small vessel disease are the most 
common pathological features [21]. The prog-
nostic value of mutations in asymptomatic carri-
ers with mild or absent phenotypic expression of 
the disease is uncertain, but it is considered to be 
low. Genetic testing for the most important 
mutations has become available as several com-
mercial kits. Identifying the genes responsible 
for HCM was thought to improve risk stratifica-
tion but is now admitted that single mutations do 
not predict prognosis in an accurate mode. 
Double mutation carriers may have a higher risk 
of sudden cardiac death.

Diagnosis is mainly established by noninva-
sive cardiac imaging, namely, echocardiography 
and NMR.  Diagnosis of HCM is based on the 
echocardiographic observation of the typical fea-
ture of the disease: asymmetric hypertrophy of 
the left ventricle (LVH), with diastolic dysfunc-
tion in association with a normal left ventricle 
(LV) dimension, in the absence of other cardiac 
or systemic diseases like hypertension or aortic 
stenosis associated with LVH. The presence of a 
systolic murmur, a systolic anterior motion of the 
mitral valve or a premature closure of the aortic 
valve is not, per se, diagnostic criteria. Most 
patients do not have LVOT obstruction at rest, 
and most of the well-documented physical find-
ings like a systolic murmur and bifid arterial 
pulse are limited to patients with outflow gradi-
ents. LVH nevertheless is an independent risk 
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factor for sudden death in young people affected 
by HCM and is variable in distribution and exten-
sion [18, 19]. Many patients show diffusely dis-
tributed LVH.  However, almost one-third of 
patients have only mild wall thickening confined 
to a single segment. Increased left ventricle wall 
thicknesses range from mild (13–15 mm) to mas-
sive (30  mm [normal, ≤11  mm]) and up to 
60 mm. European guidelines [1, 17] recommend 
a wall thickness ≥15 mm for adults to access an 
HCM to be diagnostic. It is relevant to note that 
morphological features of HCM may not be pres-
ent and identified by echocardiography until ado-
lescence, and the probability of diagnosis 
increases with age.

In trained athletes, modest segmental wall 
thickening (13–15  mm) raises the differential 
diagnosis between extreme physiologic LVH 
(i.e., athlete’s heart) and mild morphologic 
expressions of HCM, without outflow obstruc-
tion. The differential diagnosis in this overlap 
gray area (about 2% of elite male athletes) in the 
differentiation of adaptive LVH versus HCM 
should be made with imaging criteria. This dif-
ferentiation includes echocardiographic criteria 
that take in account end-diastolic diameters and a 
reduction of the wall thickening after 3 months of 
detraining that are suggestive of the athlete’s 
heart [22, 23]. Recognition of features referring 
to LV dimensions, diastolic function, and brain 
natriuretic peptide (BNP) may be useful [24, 25]. 
In a pilot study, left ventricular end-diastolic diam-
eter <45  mm, mitral deceleration time>200  ms, 
isovolumetric relaxation time>94 ms, tricuspid E/
A<1. 63, relative wall thickness >0.445 and a BNP 
value at rest >9.84 pg/ml suggested an underlying 
cardiomyopathy [25].

NMR may be of diagnostic value when echo-
cardiography is technically inadequate in identi-
fying segmental LVH [26]. A model incorporating 
the LV end-diastolic volume and the end-diastolic 
mass ratio has been proposed to distinguish HCM 
from physiological hypertrophy in athletes [27]. 
This ratio has been found to be lower in patients 
with HCM in comparison with healthy controls 
and athletes. Late gadolinium enhancement in 
NMR may be helpful in identifying areas of 
intramyocardial fibrosis [26]. However, it is 

important to acknowledge that NMR of endur-
ance athletes has been found to reveal abnormal 
findings in more than 5% of them [28].

Cardiopulmonary testing (VO2 peak value) 
may contribute to the differential diagnosis of 
HCM and the athlete’s heart [26].

Genetic testing is useful in distinguishing 
the benign consequences of systematic athletic 
training from pathological LVH with the risk 
of sudden death. In familial assessment, it is 
mandatory for the proband to be informed of 
the familial nature and autosomal dominant 
transmission of HCM. Screening of first-degree 
relatives should be encouraged. If there is posi-
tivity for one of the most common HCM-
causing genes tested, the result is definitive. 
Negative tests may be nondiagnostic because of 
false-negative results. Genetic testing has been 
used in the diagnosis of HCM, resulting in a 
group of patients with genotype positive-
phenotype negative disease [29]. These cases 
carry the genes causing HCM but do not have 
evidence of disease [30]. Spontaneous trans
formation to LV hypertrophy in this subgroup 
occurs most often in adolescence [31]. The risk of 
sudden death in these gene-positive-phenotype-
negative individuals appears, however, to be 
extremely low [19].

There are several other risk factors like gender 
(about 90% of athletic field deaths occur in men). 
This relative rarity in women probably could 
reflect lower participation rates, less intense lev-
els of training, and the fact that women do not 
exercise with the same frequency than men in 
some of the higher-risk sports like football.

The usefulness of ECG remains crucial. The 
ECG have abnormalities in up to 95% of HCM 
patients and may present with a variety of altera-
tions, including high QRS voltages, intra-atrial or 
left intraventricular conduction abnormalities, 
pathologic Q waves (depth >2 mm), and signifi-
cant repolarization abnormalities (ST depression, 
negative T waves). For example, deep T-wave 
inversion of >2 contiguous anterior or lateral 
leads (but not aVR and III) are of primary con-
cern for sports cardiologists, because they may 
represent the first and only sign of an inherited 
heart muscle disease [32].
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Because of the potential and dramatic event of 
sudden death among young athletes, especially in 
the case of strong intensity sports like football 
players, the identification of high-risk athletes is 
crucial. Athletes with the definite diagnosis of 
HCM must be discouraged from competitive ath-
letic participation. The distinction between phys-
iological LV hypertrophy in trained athletes and 
pathological hypertrophy in HCM in affected 
subjects is mandatory. In the presence of HCM 
diagnosis, it is obligatory to perform an accurate 
medical qualification decision-making process. 
The identification of patients at low risk is easy, 
but individual risk stratification is difficult. This 
process may be very challenging, given the con-
tending interests of the personal expectations of 
the athletes and the permission of the physician 
to protect patients from exercise situations which 
could provoke unacceptable risks. Of concern is 
the fact that an important proportion of sudden 
deaths in athletes may be caused by cardiovascular 
diseases that were not detected by screening even 
with ECGs [3, 33].
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46.1	 �About Terminology

Sudden cardiac arrest (SCA) and sudden cardiac 
death (SCD) refer to the sudden cessation of car-
diac mechanical activity with hemodynamic col-
lapse, often due to sustained pulseless ventricular 
tachycardia/ventricular fibrillation. These events 
mostly occur in patients with evidence for isch-
emia due to coronary artery disease, disease of the 
myocardium (due to hypertrophy, fibrosis, scar 
replacement, or other myocardial abnormality 
that may or may not have been previously diag-
nosed), valvular abnormalities, or congenital 
channelopathies. The event is referred to as SCA 
if an intervention (e.g., defibrillation) or sponta-
neous reversion of the heart rhythm restores circu-
lation. The event is called SCD if the patient dies.

46.2	 �Causes

Hypertrophic cardiomyopathy (HCM), arrhyth-
mogenic right ventricular dysplasia (ARVD), and 
congenital channelopathies (long QT) are the most 
important causes of death reported in the young, 
and about 25% of these cases occur during sports.

Since the works of Drezner, we know that sur-
vival following out-of-hospital cardiac arrest is 
critically dependent on prompt recognition, early 
cardiopulmonary resuscitation (CPR), and access 
to early defibrillation. Several studies have dem-
onstrated improved survival with the use of an 
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automated external defibrillator (AED) by trained 
or untrained lay responders within the first min-
utes following SCA [1] as well as effective hard 
and fast external chest compressions.

Another fact evident is the necessity to 
have a well-organized emergency action plan 
if we want to improve the ability to resuscitate 
cardiac arrest victims in the athlete population 
and public assistants. The placement of AEDs 
in training fields and training of persons that 
work with athletes have become the corner-
stone of emergency response planning and the 
prevention of sudden cardiac death in young 
athletes [1–4].

46.3	 �Survival Rate

Drezner concluded that high school AED pro-
grams demonstrate a high survival rate (72%) 
either for students (85%) or adults (61%) who 
suffer SCA on school campuses. For those who 
went into SCA during physical activity, the sur-
vival rate was the same: of 18 student-athletes, 16 
(89%) survived to hospital discharge, as did eight 
of nine (89%) adults who were arrested during 
physical activity. The reason seems quite obvi-
ous – the survival rate seems to be more depen-
dent on the response time to defibrillation than 
the underlying pathology which is obviously very 
different in young athletes or in adults over 
35 years of age [2].

The ability to resuscitate cardiac arrest vic-
tims is a critical component of health-related top-
ics in the athlete population. Even with screening, 
there will remain people who experience sudden 
cardiac arrest. An effective resuscitation strategy 
requires multiple elements, including planning 
for an event, appropriate team members who can 
provide cardiopulmonary resuscitation (CPR), 
rapid availability of AEDs and other life-saving 
emergency medical equipment, as well as imme-
diate telephone calls to the nearest emergency 
medical service (EMS).

That is the reason why any football player 
who collapses and is unresponsive, particularly if 

it occurs without contact with another player, is 
to be regarded as a SCA until proved otherwise.

“Any football player who collapses and dis-
plays seizure-like activity and/or agonal respira-
tions should be regarded as a SCA” [3].

46.4	 �Automated External 
Defibrillators

AEDs are portable devices capable of detecting 
and successfully terminating pulseless ventricular 
tachycardia and ventricular fibrillation. All require 
human input to place the pads and turn on the 
device. Some are fully automated, but most are 
semiautomated in that they require simple contin-
ued human input, including activation of the AED 
to analyze the rhythm, and, then if the arrhythmia 
is deemed shockable, pressing a lit up button to 
shock. The sensitivity and specificity of AEDs to 
recognize ventricular tachycardia/ventricular 
fibrillation are excellent. AEDs may be used in 
children; however, the American Heart Association 
(AHA) recommends the use of pediatric dose 
attenuator systems and pediatric pads, if avail-
able, for children aged 1–8 years. AEDs require 
routine maintenance; battery life and system 
integrity require at least monthly checks, and pads 
have a limited shelf life-span of ≈2 years. Thus, 
AEDs should be part of an emergency action plan 
and should not be placed in isolation.

46.5	 �“Hands-Only CPR” and Initial 
Shock

More recently, evidence from randomized trials 
has indicated that chest compression alone  – 
“hands-only CPR”  – performed by laypersons 
can provide survival benefit similar to that of con-
ventional CPR among adults who suffer wit-
nessed arrest [4]. Given the time-sensitive nature 
of resuscitation, the best chances of survival 
occur when treatment can be delivered soon after 
arrest. These include immediate assessment of 
level of consciousness and cardiovascular status 
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of the athlete who has collapsed unexpectedly, as 
well as institution of chain-of-survival actions 
when cardiac arrest is identified. Dispatchers [4] 
prioritize two questions: (1) is the patient con-
scious and (2) is the patient breathing normally? 
The term “normally” is important because it says 
that any breathing that does not look to be normal 
in an unconscious player is to be regarded as 
SCA. If the patient is not breathing normally, it is 
also important that all involuntary seizure-like 
movements in a collapsed player be regarded as 
associated with cardiac arrest, and immediate 
CPR and AED be initiated.

Generally, an athlete has a higher probability 
of being witnessed by appropriately trained 
bystander staff than does cardiac arrest that 
occurs in the general population [1, 2].

As we saw before, for any suspected SCA, the 
emergency medical plan (EMP) must be acti-
vated immediately followed by prompt CPR and 
retrieval, application, and use of an AED as soon 
as possible [4].

AEDs are being deployed increasingly in 
public venues, including schools, universities, 
and various sports and exercise facilities. It is 
recommended that the devices be deployed in a 
manner that results in a maximum access time 
of 5  min to any site on a school campus or 
sporting venue. While the AED is being 
brought to the victim’s side and deployed, 
compression of the chest should be started by 
bystanders.

46.6	 �Rules and Guidelines 
on Football Field

According to the most recent guidelines, com-
pression alone (“hands-only CPR”) should be 
started at a rate of 100–120 compressions per 
minute without interruption for rescue breaths. 
As soon as the defibrillator is attached and pow-
ered up, the rhythm is analyzed. A single shock 
should be delivered if the device senses a shock-
able rhythm. If the initial rhythm is non-shockable 
(i.e., asystole or pulseless electrical activity), 

CPR should be continued. After each shock, 
compressions should be resumed immediately 
for 2 min before the next rhythm check will be 
undertaken by the AED. CPR may be stopped if 
signs of life occur in the collapsed player, e.g., 
player starts breathing, moves limbs, or opens 
eyes.

The likelihood of survival with good neuro-
logical status is directly related to the time 
between onset of cardiac arrest, implementa-
tion of CPR and AED use, and return of spon-
taneous circulation. In the adequately prepared 
athletic environment, including both trained 
staff and appropriate equipment, with the onset 
of the event witnessed, it is a reasonable goal 
to begin CPR within 60–90 s and deliver an ini-
tial shock to an athlete with a shockable rhythm 
in <3 min.

An emergency response plan includes prepa-
ration for cardiac arrests, including anticipation 
of events, placement of AEDs, and training of 
people to use them, access to emergency services, 
and simulations of real-life events.

Included in emergency response plans are 
monthly AED checks for integrity and battery 
life [1].

Conclusion

The state AED program requirements gener-
ally should include the provisions of Good 
Samaritan like immunity, medical oversight, 
agency notification, policies, quality assur-
ance measures, training, AED maintenance, 
and post-event reporting. The AHA has devel-
oped a policy statement with the objective of 
guiding policymakers and other stakeholders 
in writing new legislation or revising existing 
legislation to remove potential barriers to 
implementation of emergency response pro-
grams that include AEDs.

Healthcare professionals should be aware 
of the clinical benefits of AEDs and the lim-
ited liability associated with their use. They 
should also consider the potential liability that 
could arise from failure to use AEDs as a mat-
ter of prudent public protection.
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47.1	 Introduction

Children participate in sports all over the world 
and should have a pre-participation physical eval-
uation (PPE) before the season begins.

The 2010 consensus guidelines suggest a PPE 
for children.

The primary goal is to maximize safe participa-
tion for all, identify medical problems with risks of 
life-threatening complications during participation 
(e.g., hypertrophic cardiomyopathy) and condi-
tions that require a treatment plan before or during 
participation (e.g., hypertension), rehabilitate old 
musculoskeletal injuries, treat conditions that 
interfere with performance (e.g., exercise-induced 
bronchospasm), and remove unnecessary restric-
tions on participation.

The PPE should take place 4–6 weeks before 
the season starts, permitting time to evaluate 
and treat medical problems and/or rehabilitate 
musculoskeletal injuries before sports 
participation.

Most children with chronic medical condi-
tions can participate in a sport at some level 
after appropriate evaluation and/or treatment. 
There are some exceptions like cervical spine 
stenosis and they cannot participate in contact 
sports.

Sudden death in the young athlete occurs with 
prevalence of between 1:100,000. The risk of 
sudden death is disproportionately higher in 
males. The median age was 17 years.
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47.2	 Cardiovascular Conditions

Cardiovascular conditions causing sudden death 
in young athletes include:

•	 Hypertrophic cardiomyopathy
•	 Coronary artery anomalies
•	 Commotio cordis
•	 Myocarditis
•	 Aortic rupture (Marfan syndrome)
•	 Arrhythmogenic right ventricular hypertrophy
•	 Long QT syndrome
•	 Wolff-Parkinson-White syndrome
•	 Aortic stenosis

Most athletes who die suddenly have no symp-
toms of life-threatening cardiovascular disease, and 
the PPE is not efficient in detecting them. However, 
athletes suspected of having these conditions on the 
basis of historical or physical findings must not par-
ticipate until further evaluation by a cardiologist.

Sudden cardiac death during exercise in 
patients with mitral valve prolapse is rare. Athletes 
with mitral valve prolapse can participate in all 
competitive sports unless the following exist:

•	 A history of syncope documented to be 
arrhythmogenic in origin

•	 A family history of sudden death associated 
with mitral valve prolapse

•	 Repetitive forms of supraventricular and ven-
tricular arrhythmias, particularly if exagger-
ated by exercise

•	 Moderate to marked mitral regurgitation
•	 Prior embolic event
•	 Uncontrolled stage 2 hypertension – It is recom-

mended that uncontrolled stage 2 hypertension 
(systolic and/or diastolic blood pressure [BP] 
≥99th percentile plus 5  mmHg) or end-organ 
damage (e.g., retinal, renal, or cardiac changes) 
requires exclusion from sports participation and 
highly static activities until it is better 
controlled

•	 Fever  – Children and adolescents with fever 
should be restricted from participation because 
fever may accompany myocarditis or other 
infections that can make exercise dangerous

47.3	 Other Relevant Conditions

In addition to cardiovascular abnormalities, 
numerous other medical conditions should be 
identified before clearance for sports participa-
tion because the conditions are associated with 
increased risk of adverse outcome or injury if left 
untreated. Examples of these conditions include:

•	 Exercise-induced bronchoconstriction (EIB) 
occurs in athletes at a prevalence similar to 
that of the general population (9–15%), yet it 
may be unrecognized in the young athlete. 
Pulmonary disease accounts for 2% of sudden 
death in sports. EIB can be treated with pre-
exercise medication in most patients and is not 
a reason to avoid exercise. The use of post-
exercise spirometry in the routine PPE is not 
recommended

•	 Eating disorders (e.g., anorexia nervosa, buli-
mia nervosa) can manifest as excess exercise 
and malnutrition. Persistent exercise in the 
malnourished amenorrheic female athlete can 
cause short- and long-term consequences

•	 Some form of regular exercise is likely to be 
beneficial in most children and adolescents 
with diabetes mellitus. However, modifica-
tions in the pre-exercise insulin dose and addi-
tional glucose monitoring are necessary

•	 Athletes at risk of heat illness should follow 
guidelines for appropriate clothing, fluid 
intake, heat acclimatization, adjustment of 
activity level for heat and humidity levels, and 
timing of practices

Whether or not they are at risk of heat illness, 
athletes should consume fluid 2  h before pro-
longed exercise and every 20 min during activity. 
Electrolyte replacement drinks (i.e., sports 
drinks) are recommended after the first hour of 
prolonged exercise. The volume of intake varies 
according to the athlete’s weight:

•	 40 kg–500 mL, 2 h before prolonged exercise 
and 150 mL every 20 min during activity

•	 60 kg–750 mL, 2 h before prolonged exercise 
and 250 mL every 20 min during activity
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•	 Concussion  – There is no evidence-based 
guideline regarding return to play for child ath-
letes (i.e., 5- to 12-year-olds) following sports-
related concussion. For the young athlete with 
repeated concussions, the decision to return to 
contact sports should be based on the number 
of concussions, the mechanism of previous 
concussions, the duration of recovery, and the 
time in between injuries

•	 Musculoskeletal injuries  – Identifying and 
fully rehabilitating old musculoskeletal inju-
ries have the greatest yield for identifying 
problems that will interfere with subsequent 
performance because injuries are common 
among athletes. Players with injuries to an 
extremity are more likely to injure that extrem-
ity during the season than an extremity that 
has not been injured. Proper rehabilitation can 
lead to lower injury rates

The athlete’s history of previous injury should 
draw the clinician’s attention to assess for residual 
effects. In addition to providing a plan for rehabili-
tating strength, endurance, and proprioceptive and 
flexibility deficits, the clinician should provide the 
athlete with a plan for returning to play. The ath-
lete is at risk of re-injury and delayed recovery if 
he or she returns to competition too soon. Training 
errors, such as too-rapid increases in pace, dis-
tance, repetitions, or weight/resistance, are the 
most common factor in overuse injuries.

Another goal of the PPE is to remove unneces-
sary restriction on participation in sports or an 
exercise program because they are believed to 
have cardiac disease. As examples:

•	 One study of the morbidity of cardiac non-
disease identified 93 seventh- to ninth-grade 
students who had “something wrong with 
their hearts” according to school records. 
After pediatric cardiology evaluation, 75 of 
these 93 students (81%) were found to have no 
cardiac disease, yet 30 of these 75 students 
(40%) had activity restrictions ranging from 
being homebound to being able to participate 
in physical education classes but not competi-
tive sports

•	 Adolescent athletes with Osgood-Schlatter 
disease report stopping training and sports 
participation for months, and this may be 
with clinician advice. However, Osgood-
Schlatter disease is a common problem and, 
although painful, should result in little if any 
restriction from sports activity when man-
aged appropriately

•	 Obesity is a risk factor for heat injury, and 
exercise is an important component of obesity 
management, and restricting exercise is con-
traindicated in this setting

Incremental aerobic exercise tests are performed 
in children and adolescents for a variety of reasons. 
The primary indication is to provide the clinician 
with information about a young patient’s physical 
working capacity. The information gained from an 
aerobic exercise test is helpful in determining:

•	 Whether a patient can perform daily activities 
within his or her functional capacity

•	 Whether he or she is responding appropriately 
to an exercise intervention program

•	 Whether chronic disease progression is affect-
ing the patient’s physical capacity

Contraindications  – Exercise testing can be 
performed in most children. However, it is con-
traindicated in children with certain medical con-
ditions. As a general rule, the exercise test should 
begin at a low workload so that the child becomes 
accustomed to the exercise and surroundings. In 
some cases, he or she may need to practice before 
beginning the test.

Exercise testing protocols may be continuous 
or discontinuous. When comparing results of two 
tests performed on an individual patient (e.g., 
pre- and post-exercise training), it is important to 
perform both tests using the same protocol and 
exercise modality.

•	 Continuous – Test protocols are usually con-
tinuous (i.e., without rest periods) and have 
either ramped or incremental stages

•	 In discontinuous exercise protocols, children are 
permitted to rest between stages. As an example, 
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each exercise stage might last 2–3  min, with 
1–2 min of rest in between. Discontinuous pro-
tocols also may be more appropriate for children 
who are unfit and have low exercise tolerance

The average maximum heart rate in children 
and adolescents is considered to be 200 bpm with 
a wide range of individual values. It may vary by 
5–10 bpm within an individual child performing 
different protocols. Most researchers accept an 
exercise test to be a maximal effort if the child’s 
maximum heart rate is greater than 95% of pre-
dicted HRmax (i.e., HR ≥190 bpm).

•	 Exercise-induced bronchoconstriction (EIB) 
affects up to 80% of individuals who have asthma

Exercise testing is a useful tool in the diagnosis 
of EIB and for evaluating the exercise capacity 
and cardiopulmonary response to exercise in the 
child with asthma. Children with EIB commonly 
present with post-exercise coughing and chest 
pain; wheezing and dyspnea also may be present. 
The maximum heart rate criterion is not a good 
indicator of effort intensity in children with EIB.

•	 Cystic fibrosis – Compared with those with sed-
entary lifestyles, children, adolescents, and 
young adults with cystic fibrosis (CF) who exer-
cise regularly may recover more quickly from 
acute illnesses. In addition, the use of exercise as 
an adjunct treatment to clear mucus in CF patients 
may result in fewer respiratory infections

In one cohort study, 109 CF patients age 
7–35  years underwent pulmonary function and 
exercise testing and then were followed for 
8  years. Survival rates were greatest among 
patients with the highest levels of aerobic fitness 
(83%, 51%, and 28% among those with VO2peak 
≥82%, 59–81%, and ≤58% of predicted, respec-
tively). Patients with higher levels of aerobic fit-
ness were more than three times likely to survive 
than those with lower levels of aerobic fitness 
after adjustment for other risk factors.

•	 Idiopathic pulmonary arterial hypertension is 
considered by some to be a contraindication to 
maximal exercise testing in children, and it is 
not performed

Submaximal exercise testing also may be a 
valuable tool for assessing the prognosis and 
treatment of children with idiopathic pulmonary 
arterial hypertension. In many clinics, the 6-min 
walk test is given in lieu of maximal testing.

•	 Children and adolescents who have arthritis of 
any type may be less physically active than 
their healthy peers. Reasons for inactivity 
include chronic joint pain and stiffness, reduced 
strength, synovitis, and/or joint deformity

Children and adolescents who have arthritis 
appear to have decreased aerobic capacity for a vari-
ety of reasons. In one comparison study of aerobic 
capacity and workload completed by children with 
juvenile idiopathic arthritis (JIA, formerly juvenile 
rheumatoid arthritis, JRA) and healthy children dur-
ing cycle ergometer exercise, children with JIA had 
a significantly lower VO2peak (33.0 mL/kg per min 
versus 46.9 mL/kg per min). No direct relationship 
was found between functional aerobic capacity and 
disease severity in the affected children. The authors 
speculated that the lower VO2peak values in chil-
dren with JIA appear to be caused by either mechan-
ical inefficiency or hypoactivity.

•	 In children who have neuromuscular disease, 
exercise performance is usually limited by 
decreased muscle function rather than cardiore-
spiratory capacity. Exercise testing of these 
patients can provide a quantitative assessment 
of the child’s condition, the improvement in 
economy of locomotion after surgical treat-
ment, and the potential effects of exercise stress

Contraindications for exercise testing in children and 
adolescents

Acute inflammatory cardiac disease (e.g., pericarditis, 
myocarditis, acute rheumatic heart disease)
Uncontrolled heart failure
Acute myocardial infarction
Acute pulmonary disease (e.g., acute asthma, pneumonia)
Severe systemic hypertension (e.g., blood pressure 
greater than 240/120 mmHg)
Acute renal disease (e.g., acute glomerulonephritis)
Acute hepatitis (within 3 months after onset)
Drug overdose affecting cardiorespiratory response to 
exercise (e.g., digitalis toxicity, salicylism, quinidine toxicity)
Severe aortic stenosis
Severe pulmonary stenosis
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Serious ventricular dysrhythmia, especially when 
associated with significant cardiac disease
Coronary arterial diseases (anomalous left coronary 
artery, homozygous hypercholesterolemia, Kawasaki 
disease [acute phase])
Severe pulmonary vascular disease
Metabolic disorders (glycogenolysis types I and V)
Hemorrhagic diseases
Orthostatic hypotension

Adapted from Washington RL, Bricker JT, Alpert BS, et al. 
Guidelines for exercise testing in the pediatric age group. 
From the Committee on Atherosclerosis and Hypertension 
in Children, Council on Cardiovascular Disease in the 
Young, the American Heart Association. Circulation 1994; 
90:2166 and James FW.  Exercise testing in children and 
young adults: an overview. Cardiovasc Clin 1978; 9:187

Indications for terminating pediatric exercise testing 
before reaching maximal voluntary capacity level

The onset of serious cardiac arrhythmias (e.g., 
ventricular tachycardia, supraventricular tachycardia)
Any appearance of potential hazard to the patient
Failure of electrocardiographic monitoring system
Symptoms such as pain, headache, dizziness, or 
syncope, precipitated by exercise
Segmental ST depression or elevation ≥3 mm during 
exercise
Arrhythmia (over 25% of beats) precipitated or 
aggravated by exercise
Recognized types of intracardiac block precipitated by 
exercise

The European Society of Cardiology (ESC) 
has proposed guidelines for pre-participation 
screening for young athletes planning to begin 
competitive sports, which includes a standard 
12-lead electrocardiogram (ECG), based upon 
a national screening program that has been in 
effect in Italy since 1982.

The following recommendations were made:

•	 An initial complete personal and family history 
and physical examination should be performed 
before beginning training and competition

•	 The evaluation should be performed by a clini-
cian with specific training, medical skill, and 
cultural background to identify clinical symp-
toms and signs associated with cardiovascular 
diseases associated with sudden cardiac death 
(SCD). In Italy, clinicians primarily responsible 
for these examinations are trained in 
postgraduate sports medicine programs full 

time for 4 years and work in sports medical cen-
ters dedicated to periodic evaluation of athletes

•	 Screening evaluations should be repeated at 
least every 2 years

•	 A 12-lead ECG should be obtained (seeking 
evidence of a standardized list of abnormali-
ties). If a specific diagnosis is considered, 
more detailed ECG review may be helpful

•	 Patients with abnormal findings on history, 
physical examination, family history, or ECG 
are referred for further testing, such as echo-
cardiography, ambulatory monitoring, exer-
cise treadmill testing, or cardiac magnetic 
ressonance imaging (MRI)

The potential advantage of the ECG is most 
commonly attributed to its ability to detect hyper-
trophic cardiomyopathy, in which the ECG is 
abnormal in up 95% of patients.

The routine use of ECG screening is the risk 
of false-positive results. The prevalence of such 
findings was addressed in a series of 32,652 
Italian subjects who underwent routine pre-
participation screening that included an ECG. The 
prevalence of markedly abnormal ECG patterns 
suggestive of significant structural heart disease 
was <5%. However, these results cannot be gen-
eralized to other countries. In addition to the 
potential impact of genetic differences, the nature 
of pre-participation screening is unique in Italy, 
where it is performed by trained and licensed 
sports medicine specialists who practice in dedi-
cated sports clinics.

Over 8 years, four athletes were found to have bor-
derline left ventricular hypertrophy (LVH) (13 mm). 
One was later confirmed to have hypertrophic cardio-
myopathy (HCM) by genetic analysis and a second 
was considered to have possible HCM. In addition, 12 
athletes were diagnosed with other cardiac structural 
abnormalities including mitral valve prolapse, myo-
carditis, Marfan syndrome, arrhythmogenic right ven-
tricular cardiomyopathy, and bicuspid aortic valves. 
The screening ECG also can detect arrhythmogenic 
right ventricular cardiomyopathy, long QT syndrome, 
and Brugada syndrome.

Sudden cardiac death (SCD) associated with 
athletic activity is a rare but devastating event. 
Victims are usually young and apparently healthy, 
but many have underlying cardiovascular disease 
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that is not diagnosed until after the event. As a 
result, there is great interest in detecting such 
abnormalities early and then defining appropriate 
activity restrictions for affected individuals to 
minimize the risk of SCD.

The majority of SCD events in athletes are due 
to malignant arrhythmias, usually sustained ven-
tricular tachycardia (VT) degenerating into ven-
tricular fibrillation (VF), or primary VF itself. 
Although definitions vary, “young” often refers to 
high school and college athletes, but applies in 
general to individuals under age 35 in whom SCD 
is usually due to congenital heart disease. Older, 
or “masters,” athletes include individuals over age 
35, in whom SCD is most commonly due to coro-
nary heart disease (CHD).

In general, patients with known genetic disor-
ders that predispose to SCD (e.g., hypertrophic 
cardiomyopathy, arrhythmogenic right ventricu-
lar cardiomyopathy, Marfan syndrome, long QT 
syndrome) should avoid recreational activities 
with the following characteristics:

•	 “Burst” exertion, involving rapid acceleration 
and deceleration, as is common in sprints, bas-
ketball, tennis, and football. Activities with stable 
energy expenditure, such as jogging, biking on 
level terrain, and lap swimming, are preferred

•	 Extreme environmental conditions (tempera-
ture, humidity, and altitude) that impact blood 
volume and electrolytes

•	 Systematic and progressive training focused 
on achieving higher levels of conditioning and 
excellence

Patients with unusual or high-risk clinical fea-
tures may require greater restriction. These fea-
tures include a history of syncope or pre-syncope, 
prior cardiac surgery, prior arrhythmic episodes, 
or an implantable cardioverter-defibrillator 
(ICD). It is widely acknowledged that SCD is the 
leading medical cause of death in athletes, 
although its exact incidence remains unclear.

An overall incidence of 1:50,000 per year in 
young athletes is a reasonable estimate based on 
existing information from retrospective cohort 

studies and prospective observational and cross-
sectional studies. Male athletes are consistently 
found to be at greater risk, and there appears to be 
a disproportionately higher risk among male 
African-American athletes.

Structural heart disease can increase the risk 
for SCD by one or more of the following 
mechanisms:

•	 Ventricular tachyarrhythmias (most common 
cause)

•	 Bradyarrhythmia or asystole
•	 Syncope
•	 Dissection of the great vessels, as in patients 

with Marfan syndrome

Hypertrophic cardiomyopathy (HCM) is a rela-
tively common disease, occurring in 0.16–0.29% of 
individuals in the general population (one in 350–
625). Congenital coronary artery abnormalities 
were found in 12–33% of young athletes with 
SCD. The most common anomalies associated with 
SCD are the origin of the left main coronary artery 
from the right sinus of Valsalva and the origin of the 
right coronary artery from the left coronary sinus. 
Athletes with Marfan syndrome, familial aortic 
aneurysm or dissection, or congenital bicuspid aor-
tic valve with any degree of ascending aortic 
enlargement should not participate in sports that 
involve the potential for bodily collision.

Myocarditis was present in 6–7% of cases of 
SCD in competitive athletes. Active myocarditis 
is associated with atrial and ventricular tachyar-
rhythmias, and bradyarrhythmias.

The incidence of SCD among competitive ath-
letes is actually quite low, estimated to be between 
1 per 50,000 athletes and 1 per 300,000 athletes.

Sudden cardiac death associated with athletic 
activity is a rare but devastating event. Victims 
are usually young and apparently healthy, but 
many have underlying cardiovascular disease 
that is not diagnosed until after the event. As a 
result, there is great interest in detecting such 
abnormalities early and then defining appropriate 
activity restrictions for affected individuals to 
minimize the risk of SCD.
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Flow diagram illustrating the proposed screening protocol for young competitive athletes

Young competitive
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48.1	 �Asthma

A consistent body of evidence has shown that 
Olympic-level athletes have an increased risk for 
asthma and allergy, especially those who take 
part in endurance sports, such as swimming or 
running, and winter sports [1–3]. Data from the 
first pan-European study on allergy and asthma in 
Olympic athletes (the GA2 LEN Olympic study) 
revealed that one among four European athletes 
participating in the Beijing Olympic Games 
reported chest tightness and wheezing, whereas 
one out of three reported exercise-induced short-
ness of breath [GA2 LEN Olympic Study 
Coordinating Centre, Oslo, Norway, data on file]. 
Moreover, allergic rhinitis is a very common dis-
ease among athletes, which may negatively 
impact athletic performance [4]. Allergic 
response causes nasal and conjunctival conges-
tion, tearing, breathing difficulties, pruritus, 
fatigue, and mood changes, thus affecting train-
ing and competition [5].

Asthma has a significant genetic component, 
but since its pathogenesis is not clear, much of its 
definition is descriptive: “…a chronic inflamma-
tory disorder of the airways in which many cells 
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and cellular elements play a role. The chronic 
inflammation is associated with airway hyperre-
sponsiveness that leads to recurrent episodes of 
wheezing, breathlessness, chest tightness, and 
coughing, particularly at night or in the early 
morning. These episodes are usually associated 
with widespread, but variable, airflow obstruction 
within the lung that is often reversible either spon-
taneously or with treatment…” in the Global 
Initiative for Asthma (GINA) Report [6]. The pat-
tern of inflammation in allergic asthma is charac-
terized by T helper (Th) 2 inflammatory phenotype 
with a predominance of Th2 cytokines – such as 
interleukin-4 (IL-4), IL-5, IL-9, and IL-13. The 
allergic inflammation is characterized by 
increased IgE concentrations, mast cell degranu-
lation, and eosinophil-mediated inflammation.

The PRACTALL initiative endorsed by the 
European Academy of Allergy and Clinical 
Immunology and the American Academy of 
Allergy, Asthma and Immunology defined 
exercise-induced asthma (EIA) as lower airway 
obstruction and symptoms of cough, wheezing, or 
dyspnea induced by exercise in patients with 
underlying asthma [7]. The same clinical presenta-
tion in individuals without asthma was defined as 
exercise-induced bronchoconstriction. These defi-
nitions are however limited by the heterogeneity in 
asthma expression. In fact, multiple asthma phe-
notypes exhibiting differences in clinical response 
to treatment exist, and assessment should be mul-
tidimensional, including variability in clinical, 
physiologic, and pathologic parameters. Two dif-
ferent clinical endotypes of asthma in athletes, 
reflecting different underlying mechanisms, have 
been recently suggested. The pattern of “classical 
asthma” is characterized by early-onset childhood 
asthma, methacholine responsiveness, atopy, and 
signs of eosinophilic airway inflammation and by 
another distinct phenotype with onset of symp-
toms during sports career, bronchial responsive-
ness to eucapnic hyperventilation test, and a 
variable association with atopic markers and 
eosinophilic airway inflammation [8, 9].

From the clinical point of view, the main 
physiological feature of asthma is intermittent 
and reversible airway obstruction, while the 
dominant pathological feature is airway 
inflammation sometimes associated with airway 

structural changes. Airway responsiveness is the 
tendency for airways to constrict under the influ-
ence of nonsensitizing physical stimuli such as 
cold air and exercise, chemical substances such 
as methacholine, or sensitizing agents such as 
allergens. Airway hyperresponsiveness can be 
defined as an abnormal increase in the degree to 
which the airways constrict upon exposure to 
these stimuli.

Classical postulated mechanisms behind 
exercise-induced asthma include the osmotic or 
airway-drying hypothesis [10]. As water evapo-
rates from the airway surface liquid, it becomes 
hyperosmolar, thereby providing an osmotic 
stimulus for water to move from nearby cells. 
This results in shrinkage of nearby cells and the 
release of inflammatory mediators that causes 
airway smooth muscle contraction. However, this 
hypothesis requires that all the athletes develop 
bronchoconstriction at a certain point, which 
does not happen. This suggests that the exercise-
induced bronchoconstriction explanatory model 
in athletes probably includes the interplay 
between environmental training factors, includ-
ing allergens; ambient conditions such as tem-
perature, humidity, and air quality; and athlete’s 
personal risk factors, such as genetic and neuro-
immunoendocrine determinants.

Genetic susceptibility to exercise-induced 
bronchospasm has been linked with the gene for 
the aqueous water channel aquaporin. Airway 
hydration during exercise is mainly dependent on 
the water movement, following the osmotic force 
generated by sodium and chloride, through aqua-
porin channels expressed within the apical mem-
brane of epithelial cells. It has been suggested 
that functional polymorphisms of the aquaporin 
gene may contribute to a phenotype where hyper-
hidrosis, sialorrhea, and excessive tearing are 
traits that may predict resistance of airways to 
nonspecific stimulus. However, it is also possible 
that mechanisms affecting both water and ion 
movement are commonly affected by nervous 
system dysfunction [10].

Intensive training can have effects on auto-
nomic regulation promoting the vagal 
predominance, thus regulating contractions and 
relaxations of the airway smooth muscle. The 
increased parasympathetic activity could act as a 
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compensatory response to the sympathetic stimu-
lation associated with frequent and intense train-
ing [11]. This could induce not only the resting 
bradycardia typical of athletes but also an 
increase in bronchomotor tone and, in turn, an 
increased susceptibility to the development of 
asthma. A dysfunctional neuroendocrine-immune 
interface may then play a role in the pathogenesis 
of exercise-induced bronchoconstriction, mainly 
due to release and action of neuropeptides from 
primary sensory nerve terminals, in a so-called 
neurogenic inflammation pathway. This is also 
clinically supported by a positive effect of inhaled 
anticholinergic drugs in athletes [12].

48.1.1	 �Diagnosing Exercise-Induced 
Asthma

Exercise is a powerful trigger of bronchocon-
striction and symptoms in asthmatic patients and 
may result in avoidance of physical activity 
resulting in detrimental consequences to their 
physical and social well-being. Diagnosis 
demands the synthesis of medical history with 
respiratory symptoms, physical examination, and 
appropriate laboratory or field tests. Methods and 
thresholds to document exercise-induced bron-
choconstriction may be different for recreational 
or competitive athletes, particularly in regulated 
sports. For recreational exercisers, free running 
for children or a simple 10 min jog for adults may 
be adequate to document exercise-induced bron-
choconstriction (≥10% drop in lung function 
measured by forced expiratory volume in the first 
second of forced vital capacity (FEV1)). For oth-
ers, the exercise challenge should elicit 90% of 
maximal heart rate or 40–60% of maximal venti-
lation during 6–8 min of exercise on a treadmill 
or stationary bicycle. For competitive athletes, 
precise criteria for diagnosing asthma have been 
set (Table 48.1).

48.1.2	 �Treatment of Exercise-Induced 
Asthma

Drugs effective in the treatment of asthma are 
likely to be effective in the treatment of EI-asthma 

or EI-bronchoconstriction. Inhaled β2-adrenoceptor 
agonists are most effective in reversing EI-asthma/
bronchoconstriction and are also used for preven-
tion [6]. The effectiveness of inhaled short-acting 
β-agonists such as salbutamol or terbutaline against 
EI-asthma/bronchoconstriction is optimal 20  min 
after inhalation and wanes within a few hours. 
Long-acting β2-agonists, such as formoterol and 
salmeterol, protect for up to 12 h after a single inha-
lation. However, only formoterol acts as fast as 
quick-acting beta-agonists; therefore, formoterol 
but not salmeterol should be chosen to reverse 
EI-asthma/bronchoconstriction [13]. Inhaled 
β2-agonists may mask worsening airway inflam-
mation and should never be used regularly without 
an inhaled glucocorticoid.

Regular treatments with inhaled glucocorticoids 
and/or leukotriene pathway antagonists control 
underlying asthma and reduce EI-asthma/
bronchoconstriction. Montelukast and zafirlukast 
are cysLT receptor-1 antagonists. H1-antihistamines 
have minimal effects on EI-asthma/bronchocon-
striction, whereas cromones administered before 
exercise mildly reduce EI-bronchoconstriction. In 
difficult-to-control EI-asthma/bronchoconstriction, 
combining inhaled glucocorticoids, oral leukotri-
ene antagonists, and/or inhaled β2-agonists may be 
beneficial [13].

Optimal control of underlying asthma mini-
mizes airway narrowing during exercise. Worsening 
EI-asthma may be a sign of inadequate control of 
underlying asthma, and “step-up” therapy should 
be considered. On the other hand, allergic rhinitis is 

Table 48.1  Criteria set by the World Anti-Doping 
Agency to document asthma in athletes

A rise in FEV1 to bronchodilator ≥12 % of the baseline 
or predicted FEV1 and exceeds 200 ml
A fall in FEV1 ≥10 % from the baseline in response to 
exercise or eucapnic voluntary hyperpnea
A fall in FEV1 ≥15 % from the baseline after inhaling 
22.5 ml of 4.5 g% NaCl or ≤635 mg of mannitol
A fall in FEV1 ≥20 % from the baseline in response to 
methacholine
 � PC20 ≤4 mg/ml or PD20 ≤ 400 μg (cumulative 

dose) or ≤200 μg (noncumulative dose) in those not 
taking inhaled corticosteroids (ICS) and PC20 
≤16 mg/ml or PD20 ≤1600 μg (cumulative dose) or 
≤800 μg (noncumulative dose) in those taking ICS 
for at least 1 month
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also a very common disease among athletes and 
may negatively impact athletic performance; its 
early recognition, diagnosis, and treatment are cru-
cial for improving nasal function and reduce the 
risk of asthma during exercise and competition. 

Certain medications for athletes with asthma and 
rhinitis who participate in regulated competitions 
are not allowed, and physician, athletes, and 
coaches should be aware of the updated regulatory 
aspects of asthma treatment (Table 48.2).

Table 48.2  Drugs regulated for asthma treatment during training and competition by the World Anti-Doping Agency 
(WADA) in 2016

Beta-agonists

All oral (taken by mouth and swallowed) or injected beta-2 agonists are prohibited
Inhaled beta-2 agonists are prohibited and require a Therapeutic Use Exemption (TUE), except for albuterol (also 
called salbutamol) dosages under 1600 μg in any 24 h period, formoterol dosages less than 54 μg in any 24 h period, 
and salmeterol when taken according to manufacturer’s instructions. If you use more than the amounts listed in the 
table below, you are required to submit a TUE for use. The presence of salbutamol in urine in excess of 1000 ng/mL 
is presumed not to be an intended therapeutic use of the substance and will be considered as an adverse analytical 
finding unless the athlete proves, through a controlled pharmacokinetic study, that the abnormal result was the 
consequence of the use of a therapeutic dose (maximum 1600 μg over 24 h) of inhaled salbutamol
Inhaler brands and strengths Recommended dosing by 

manufacturer
WADA maximum doses per 24 h

Advair Diskus 100/50, 250/50, or 
500/50
Each has salmeterol 50mcg per puff

1 puff twice each day (100 mcg 
salmeterol)

Take as directed by the drug 
manufacturer

Advair HFA 45/21, 115/21, or 
230/21Each has salmeterol 21 mcg per 
puff

2 puffs twice each day (84 mcg 
salmeterol)

Take as directed by the drug 
manufacturer

Albuterol 108 mcg per puffProAir, 
Proventil, Ventolin

1–2 puffs every 4 h as needed for 
wheezing

Salbutamol 108 mcg per puff: 14 
puffs a day (<1600 mcg)

Dulera 100 mcg/5 mcg per puff or 
200mcg/5mcg per puff

2 Puffs twice each day (20 mcg 
formoterol)

Formoterol 5 mcg per puff: 10 
puffs a day (<54 mcg)

Foradil Aerolizer 12 mcg per puff 1 Capsule inhaled every 12 h (24 mcg 
formoterol)

Formoterol 12 mcg per cap: 4 
puffs a day (<54 mcg)

Serevent Diskus 50 mcg per puff 1 puff twice each day (100 mcg) Take as directed by the drug 
manufacturer

Symbicort 80 mcg/4.5 mcg per puff or 
160 mcg/4.5 mcg per puff

2 puffs twice each day (formoterol 
18 mcg)

Formoterol 4.5 mcg per puff: 12 
puffs a day (<54 mcg)

Advisory
The use of oral beta-2 agonists is prohibited even if the athlete has a TUE for the same inhaled beta-2 agonist. If the 
athlete’s doctor prescribes an oral beta-2 agonist, the athlete should submit an application for a TUE
Use the table above as a guide to determine the dosage of albuterol or formoterol that may be used in sport without a 
TUE. However, an athlete should examine his/her inhaler closely to determine the exact dose delivered
Some dietary supplements claim to contain ingredients that have beta-2 agonist activity such as norcoclaurine. It is 
not known whether such products actually contain these ingredients, but USADA considers such products to be high 
risk
Albuterol (urine amount over 1000 ng/mL) and formoterol (urine amount over 40 ng/mL) are “threshold 
substances,” which means they may be used in sport without a TUE as long as they are used under a certain 
threshold. However, if an athlete also takes a substance that falls into the category of diuretics and masking agents, a 
TUE is required for albuterol or formoterol even if the athlete already has a TUE on file for the diuretic or masking 
agent
The presence of albuterol in urine in excess of 1000 ng/mL is presumed not to be an intended therapeutic use and 
may be considered as an adverse analytical finding, possibly leading to a sanction
Some inhalers have more than one active ingredient. Make sure to check all active ingredients on GlobalDRO.com
Glucocorticosteroid

Inhalation of glucocorticoids (e.g., for asthma) is permitted. All glucocorticosteroids are prohibited when 
administered by oral, intravenous, intramuscular, or rectal routes
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A few notes should be taken on the effects of 
exercise as a non-pharmacological to asthmatic 
patients. At the current knowledge, evidence-
based prescription of physical activity in asthma 
seems to be restricted to improvements in the 
physical fitness of the subjects. It is recom-
mended that children and adolescents participate 
in at least 60 min of moderate-intensity physical 
activity most days of the week and preferably 
daily. Engagement in physical activity promotes 
the normal psychosocial development, neuro-
muscular coordination, and self-esteem. 
Changing from sedentary behaviors such as tele-
vision viewing and computer games to moderate-
intensity physical activity has been associated 
with enhanced overall health and prevention of 
chronic diseases. In asthmatics, exercise training 
may reduce the perception of breathlessness 
through strengthening of respiratory muscle and 
decrease the likelihood of exercise-induced 
symptoms by lowering the ventilation rate during 
exercise.

Currently, the GINA Guidelines do not include 
recommendations for exercise as part of the treat-
ment for patients with asthma. Exercise is a pow-
erful trigger for asthma symptoms. For this 
reason, caretakers may be reluctant to allow their 
asthmatic children to engage in sports practice, 
fearing an exacerbation of the disease. Every sub-
ject with asthma should be questioned about 
exercise performance, tolerance, and symptoms, 
but there is no reason to discourage asthmatic 
with a controlled disease to exercise [14].

48.2	 �Allergic Rhinitis

Rhinitis is defined as an inflammation of the 
nasal mucosa, characterized by two or more of 
the following symptoms: nasal congestion, 
anterior and posterior rhinorrhea, sneezing, and 
itching [15, 16]. Asthma and allergic rhinitis fre-
quently coexist [15]. The prevalence of asthma in 
patients with rhinitis varies between 10 and 40%, 
and rhinitis seems to be an independent factor in 
the risk of asthma [4]. It is not still clear whether 
allergic rhinitis is an earlier clinical manifesta-
tion of allergic disease in atopic patients who will 

develop asthma or the nasal disease itself is a 
causative for asthma [15]. Rhinitis is classified 
etiologically in three main types [17]: allergic 
rhinitis (AR) (IgE mediated), nonallergic nonin-
fectious rhinitis (non-IgE-mediated inflamma-
tion), and infectious rhinitis (Table 48.3) [15, 16]. 
Despite 30–50% of patients with rhinitis have 
nonallergic triggers, 44–87 % might have a mixed 
phenotype combining both allergic and nonaller-
gic rhinitis mechanisms [18].

The upper airways, including the nasal cavity 
and its tissues, lie in a bony structure that, unlike 
the lower airway structure, cannot change shape 
[20]. Upper airways comprise an epithelium with 
a basement membrane and a submucosal layer, 
which contains venous sinusoids [20]. These 
vessels and mucosa glands are responsible for 

Table 48.3  Rhinitis classification

I Allergic rhinitis
II  Nonallergic noninfectious rhinitis
  � A. �Vasomotor rhinitis (triggered by irritant, cold air, 

exercise, undetermined trigger)
  � B. Gustatory rhinitis
III �Infectious rhinitis (acute infectious rhinitis, chronic 

rhinosinusitis)
III Occupational rhinitis
  � A. IgE mediated (protein or chemical allergens)
  � B. �Uncertain immune mechanism (chemical 

respiratory sensitizers)
  � C. Work-aggravated rhinitis
IV Rhinitis syndromes
  � A. �Hormonal induced (pregnancy or menstrual cycle 

induced)
  � B. Drug induced
  �   1. Rhinitis medicamentosa
  �   2. Nonsteroidal anti-inflammatory drugs
  �   3. Oral contraceptives
  �   4. Antihypertensive and cardiovascular agents
  � C. Atrophic rhinitis
  � D. �Rhinitis associated with inflammatory-

immunologic disorders
  �   1. Granulomatous infection
  �   2. Wegener granulomatosis
  �   3. Sarcoidosis
  �   4. Midline granuloma
  �   5. Churg-Strauss syndrome
  �   6. Relapsing polychondritis
  �   7. Amyloidosis
  �   8. �Nonallergic rhinitis with eosinophilia 

syndrome (NARES)
V Rhinitis by structural causes

Adapted from [19]
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filtration, humidification, and warming of inhaled 
air, and they are regulated by autonomic nervous 
system reflexes [21]. Swelling of the venous sinu-
soids can lead to upper airway obstruction, and 
activation of local nerve reflexes causes sneezing, 
watery discharge, and vasodilation, symptoms 
associated with rhinitis [20].

During exercise, autonomic reflexes improve 
nasal efficiency [4]. In dynamic exercise training 
due to an increase of nasal sympathetic activity, 
venous sinusoids constrict. A watery discharge 
can also be produced, because cold air induces 
glandular hypersecretion [4, 20].

During training athletes are repeatedly 
exposed to risk factors, like allergens, but also 
cold air and pollutants, therefore increasing rhini-
tis symptoms in susceptible individuals [21]. 
Some experience improvement with exercise, 
mediated by nasal sympathetic tone, and others 
may have their symptoms worsen [22]. Weather 
conditions, like cold or dry air, and inhalation of 
irritants in outdoor exercise exposure can explain 
the worsening symptoms in some athletes [7].

Rhinitis is the most common cause of nasal 
symptoms in athletes [23]. Associated risk 

factors, such as atopy, family history of allergy, 
and exposure to allergens and pollution, might 
explain why AR prevalence has increased in all 
population, including athletes [15, 24]. AR is a 
multifactorial disease influenced by genetic and 
environmental interaction [25].

The World Health Organization (WHO) 
through the working group Allergic Rhinitis and 
its Impact on Asthma (ARIA) changed the classi-
fication from the time of exposure (seasonal, 
perennial, and occupational) to a symptomatic 
definition and severity characterization (Fig. 48.1). 
The seasonal and perennial rhinitis classification is 
still useful for diagnosis and immunotherapy (IT) 
treatment decision and can be used alongside with 
ARIA classification [15].

The most frequent allergic triggers are inhalant 
allergens, namely, mites, pollens, animals, and 
fungi. According to the triggers, they can cause 
perennial or seasonal symptoms. Preexisting rhi-
nitis can be exacerbated by workplace irritants 
like smoke, cold air, and pollutants [24].

Rhinitis is largely underdiagnosed and self-
managed in athletes [26]. However, it has debili-
tating consequences, significantly interfering with 

Mild

Moderate-severe

Normal sleep

Normal daily activities

Abnormal sleep

< 4 days/week

≥ 4 days/week

<4 weeks at a time

4 weeks at a time

Normal work and school

No troublesome symptoms

Impairment of daily activities,
sport, leisure

Problems at work and school

Troublesome symptoms

Severity Frequency of symptoms

Persistent Symptoms

Intermittent Symptoms

Allergic Rhinitis
ARIA Classification

OR

AND

Fig. 48.1  Allergic rhinitis classification (Adapted from [15])
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patient’s quality of life and activity, namely, in 
sports practice [27]. Previous studies support its 
negative impact on cognitive functions, school 
performance, sleep, quality of life, and even 
behavior, which can significantly affect athletic 
performance [27]. This is particularly important, 
as a higher prevalence of rhinitis has been reported 
in athletes than in general population [21]. 
Excluding exercised-induced rhinitis, idiopathic 
rhinitis, and nasal symptoms related to physical, 
cold air, and chemical contact factors, allergic rhi-
nitis can account for prevalence up to 30% in an 
athlete population.

48.2.1	 �Epidemiology and Risk 
Factors

Allergic rhinitis has a prevalence of 10–20% in 
the general population, which is higher in elite 
competitive athletes [15, 28]. In the last two 
decades, a prevalence range between 13.3 and 
48.6% was found (Table 48.4) [21].

The allergic response causes nasal and con-
junctival congestion, tearing, breathing difficul-
ties, pruritus, fatigue, and mood changes, which 
might affect athletic performance [48]. Kateralis 
showed over spring season a negative effect of 
allergic rhinoconjunctivitis on performance 
scores (ability to train and compete). Also a reso-
lution of those symptoms, namely, eye symp-
toms, and improvement on quality of life and 
performance scores were seen after treatment 
with intranasal corticosteroids [49].

During exercise, ventilation increases for a 
short period of time in power athletes and for lon-
ger periods in resistance athletes [4]. Most of this 
exercise is practiced in outdoor environments; 
therefore, athletes are strongly and repeatedly 
exposed to large amounts of aeroallergens and pol-
lutants. This contact in training or in competition 
periods may increase the likelihood of exercise-
induced respiratory symptoms [21]. The climate 
conditions, namely, the inhaled air, temperature, 
and humidity, also affect these patients [4, 50].

Athletes involved in outdoor sports are fre-
quently exposed during peak allergen seasons. 
Indeed, major sports events frequently occur at 

the end of the spring and beginning of the summer 
[21]. Aerobiological records of pollens are used to 
monitor the pollen levels, and it is important for 
athletes to prepare themselves, particularly if they 
are symptomatic to some allergen. An example 
was the setup of an aerobiological network for the 
Athens Summer Olympic Games [51].

Indoor allergens, namely, mites, are not usu-
ally studied, due to the decreased frequency of 
contact and the specific association of more 
severe symptoms with endurance to outdoor 
exercise. However, in some more indoor sports, 
persistent rhinitis symptoms can occur, and it 
may be relevant to control this environmental 
exposure.

Urban-type pollution interacts with allergens 
and induces sensitization and triggers symptoms 
in allergic patients [4]. There are several studies 
pointing to adverse effects of outdoor air pollu-
tion, caused by carbon monoxide, nitric oxide, 
and ozone [21]. The two agents that most fre-
quently affect upper respiratory airways and rhi-
nitis are particulate matter, namely, diesel exhaust 
particles (DEPs) [15] and volatile organic com-
pounds. Their peak production is from April to 
September in the Northern Hemisphere, and a 
large percentage (40%) is completely absorbed by 
the nasal mucosa [15]. They enhance the produc-
tion of oxygen’s derivatives increasing the perme-
ability of epithelial cells [38]. Ozone increases the 
late-phase response to nasal allergens, increasing 
the eosinophilic influx after exposure, and, in the 
nasal mucosa, the histamine and inflammatory 
cells are increased in number [21].

In several studies, it has been shown that 
patients living in traffic-congested areas have 
more severe rhinitis and conjunctivitis symptoms 
[52]. A study in Beijing, using questionnaires in 
31,829 individuals and monitoring PM10, SO2, 
and NO2 air levels, found a significant associa-
tion between outpatient visits for allergic rhinitis 
and increasing air pollutant levels [53]. This find-
ing is particularly relevant for athletes who train 
or compete in outdoor urban environments. So, at 
the Olympic Games in China, air quality was 
monitored in order that athletes could perform 
their sports safely [54]. In fact, elite athletes 
practice sport around the world under different 
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Table 48.4  Prevalence of rhinitis or seasonal allergic rhinoconjunctivitis (SARC) in athletes

Reference Design and methods Year of study, subjects (n)
Rhinitis/SARC* 
prevalence

Fitch [29] Retrospective; medical 
records analysis

1976, Australian Olympics (185) 8.6

1980, Australian Olympics (106) 7.5
Helbling [30] Cross-sectional; 

questionnaire
1986, Swiss athletes (2,060) 16.8*

Kaelin [31] Cross-sectional; 
questionnaire

1990, Swiss athletes (1530) 19.7%*

Potts [32] Cross-sectional; 
questionnaire

1995, Canadian swimmers (738) 19.0*

Helenius [33] Cross-sectional; skin prick 
tests with medical 
diagnosis

1996, Finnish summer athletes (162) 29.6*

Weiler [34] Cross-sectional, 
questionnaire 
(USOC-MHQ)

1996, US Summer Olympics (699) 16.9

Weiler [35] Cross-sectional, 
questionnaire 
(USOC-MHQ)

1998, US Winter Olympics (699) 13.3

Katelaris [36] Cross-sectional; skin prick 
tests with medical 
diagnosis

1997/8, Australian Summer Olympics (214) 41.0/29.0*

Katelaris [28] Cross-sectional; skin prick 
tests with medical 
diagnosis

1999, Australian Olympics/Paralympics (977) 37.0/24.0*

Lapucci [37] Cross-sectional; skin prick 
tests with medical 
diagnosis

2000, Italian Summer Olympics (265) 25.3*

Bonadonna [38] Cross-sectional, 
questionnaire on 
cold-induced rhinitis

2001, Italian skiers (144) 48.6

Alaranta [39] Cross-sectional; self-
reported medical diagnosis

2002, Finnish Olympic athletes (446); 26.5

Subgroup of endurance athletes (108) 36.1
Randolph [40] Cross-sectional; 

questionnaire 
(USOC-MHQ)

2003/4, US recreational runners (484) 34.7

Moreira [41] Cross-sectional; self-
reported medical diagnosis

2003, Finnish marathon runners (141) 17.3

Bonini [42] Cross-sectional; medical 
diagnosis

2006, Italian preOlympics (98) 34.7

Macucci [43] Cross-sectional; medical 
diagnosis

2006, Italian young athletes (352) 22.2

Salonen [44] Cross-sectional; self-
reported medical diagnosis

2007, Finnish young hockey players (793) 18.3

Thomas [45] Cross-sectional; 
questionnaire

2008, German athletes candidates for Summer 
Olympic Games (291)

25*

Bonini [46] Cross-sectional surveys 
from 2000 to 2012

2000–2012, Italian Olympic Delegation at 
Summer and Winter Olympic Games (659

26.2

Kurowski [47] Cross-sectional; self-
reported medical diagnosis

2008, Polish athletes Olympic (222) 27.0

Adapted and updated from [19]
*Seasonal Allergic Rhinoconjuntivitis
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conditions and should be informed to what envi-
ronment exposure they will be submitted, to 
adapt themselves and have appropriate preven-
tive measures, namely, their allergic symptoms 
fully controlled.

Tobacco smoke is not advised in all popula-
tions, and especially in sports practice. Despite 
this, some athletes smoke or are exposed to pas-
sive smoke. Nasal symptoms, rhinorrhea, and 
nasal obstruction can occur under tobacco expo-
sure, but these are not always consistent with 
increased total and specific IgEs [15].

The exposure to different environmental con-
ditions that are specific to a particular sport also 
contributes to rhinitis symptoms. Rhinorrhea and 
nasal congestion after exposure to cold air, known 
as “skier’s nose,” can occur in normal individuals 
[55]. In high-performance athletes, namely, ski-
ers, long-distance runners, and swimmers with 
long-term exposure to cold, the repeated cooling 
and drying of the mucosa results in an inflamma-
tory infiltration of the airway mucosa, and these 
effects are reversed after stopping the high-
performance exercise [56].

In runners, an initial decongestion of the 
mucosa occurs, and it is maintained nearly 
30 min after stopping exercise. This reduction of 
nasal resistance can lead to mucosa dehydration 
and a rebound increase in nasal secretion to com-
pensate it. This “runner’s nose” is also integrated 
in differential diagnosis of allergic rhinitis [4].

Swimmers are also a specific population of 
athletes. Their long-term and high exposure to 
chlorine derivatives during regular trainings and 
competition at increased ventilation can induce 
mucosal inflammation which facilitates the 
responsiveness to airborne allergens and induces 
bronchial hyperresponsiveness. Kateralis found 
in a group of swimmers that they were more 
likely to have rhinitis symptoms and allergic sen-
sitization than those active in other sports [36]. 
These results were similar when compared with 
healthy controls [57]. When swimmers stopped 
training for 2 weeks, they showed an improve-
ment in nasal symptoms [57]. In a study compar-
ing competitive swimmers with runners, the first 
experienced worsening of nasal function after 
training independently of being atopic [50].

48.2.2	 �Effects of Allergic Rhinitis 
on Exercise Performance

Allergic rhinitis has a negative impact on quality 
of life in the general population. Cognitive func-
tions, school performance, sleep, and behavioral 
effects have been described, namely, in children 
with attention-deficit hyperactivity disorders 
[58]. In a questionnaire of quality of life per-
formed during spring time, Kateralis showed 
poorer results in the allergic group [27]. In 
another study with 145 athletes with allergic rhi-
nitis who agreed to be treated had a significant 
improvement of their quality of life scores under 
budesonide therapy [49]. In a high-level competi-
tive swimmers population, stopping training for 2 
weeks improved rhinitis-related QoL. It was not 
possible yet to confirm a direct association of 
poorly treated rhinitis and a bad exercise perfor-
mance [59]; however, an indirect one can be 
inferred. However, it seems likely that altered air-
flow dynamics and ventilation and nasal obstruc-
tion can potentially have a negative effect, mainly 
in high-intensity activities [59]. Any factors that 
affect sleep, decrease ability to concentrate, or 
reduce physical fitness have an easy understand-
able impact on sports performance.

The cognitive impact (learning ability and 
memory) of rhinitis has been particularly studied 
in children [58]. Learning disability is caused as 
a consequence of the frequent sleep disturbances 
and resulting daytime sleepiness. Impaired sleep 
is secondary to nasal congestion which causes 
micro-arousal and irregular breathing, with snor-
ing and apnea. An associated effect is school and 
work absenteeism and training capacity disability 
[58]. Correct diagnosis and management of aller-
gic rhinitis can reduce the disease impact.

48.2.3	 �Diagnosis

Diagnosis of allergic rhinitis in athletes is based 
in the concordance of a suggestive history of 
allergic symptoms and physical examination and 
supported by diagnostic tests [15, 60].

A complete allergic history is the best diag-
nostic tool for rhinitis diagnosis, allowing to 
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assess severity and guide treatment [16, 60]. The 
patient, namely, the athlete, may present several 
symptoms, namely, sneezing; anterior rhinor-
rhea; bilateral nasal obstruction; postnasal drip 
cough; itchy nose, ears, and throat; loss of smell 
(hyposmia or anosmia); or snoring [15, 59]. 
Frequently, ocular symptoms are concomitant 
with tearing, burning, and itching. In athletes, 
clinical presentation is frequently more subtle 
and might include poor-quality sleep, fatigue, 
reduced exercise performance, and difficulty to 
recover after more demanding exercise sessions 
[59]. Patient evaluation should include symp-
tom’s pattern characterization, chronicity, sea-
sonality and triggers of nasal and related 
symptoms, response to treatment, presence of 
coexisting conditions, and the relation with train-
ing practice. It is also very important to include 
assessment of quality of life [16].

Physical examination of all organ systems 
potentially affected by allergies should be per-
formed. Further attention should be given for the 
upper respiratory tract system, namely, nasal and 
oropharyngeal examination. In some patients, 
nasal examination can show bluish-gray discol-
oration and edema or erythema of the mucosa 
with clear watery rhinorrhea [60]. Infectious 
complications of rhinitis to which athletes seems 
to be more prone, like otitis and sinusitis, should 
be discarded during this examination [61], as 
well as structural causes of symptoms. It is 
important to explore during clinical investiga-
tions differential diagnosis for similar symptoms, 
like nonallergic ones.

In an athlete, when an allergic etiology is sus-
pected, skin prick testing (SPT) with standard-
ized allergens and/or measurement of 
allergen-specific IgE in serum should be used. 
Skin prick tests are relevant markers of the IgE-
mediated allergic reaction [15, 24]. The result 
can depend on several variables, quality of the 
allergen extracts, age, and medications and is 
dependent on operator interpretation [15, 60]. 
Serum total IgE and serum-specific IgE are mea-
sured by radioimmunoassay or enzyme immuno-
assay and can be requested when skin tests are 
not possible or when SPT in association with the 
clinical exam is not concordant [15, 16, 24]. The 

sensitivity of serum-specific IgE measurements 
compared with SPT can vary with the immunoas-
say technique used [16].

Nasal and conjunctival challenge tests can be 
used to assess if any discrepancy occurs between 
history and results of skin prick test or IgE mea-
surement and to define clinically relevant allergens 
in cases of multiple sensitizations [15, 24, 62].

Imaging of the nose and sino-nasal cavity is 
used to corroborate diagnosis and differentiate the 
source of sino-nasal symptoms, the relation of 
sino-nasal problem with surrounding structures, 
and the extent of the disease [60]. Plain sinus 
radiographs are not indicated in allergic rhinitis or 
rhinosinusitis diagnosis [15, 63]. Computerized 
tomography scanning is used to evaluate parana-
sal sinuses due to optimal display of air bone and 
soft tissue. It is indicated for differential diagnosis 
purposes, to exclude chronic rhinosinusitis, to 
eliminate rhinitis complication, and to evaluate 
nonresponders to treatment [15, 60]. It can be par-
ticularly useful in athletes, to exclude traumatic 
lesions, which occur frequently in close-contact 
sports, like boxing or football.

To evaluate rhinitis severity measurements of 
nasal obstruction and smell can be used [15]. 
These tests are not made in routine clinical prac-
tice but can be useful when allergen challenges 
are undertaken or septal surgery is contemplated 
[24]. Nasal patency can be monitored objectively 
using nasal peak inspiratory and expiratory flow, 
acoustic rhinometry, that measures the nasal cav-
ity volume and rhinomanometry that measures 
nasal airflow and pressure [60]. In clinical prac-
tice the most frequently used is peak nasal inspi-
ratory flow because it is simple, cheap, fast, and 
available and it can be used for disease home 
monitoring [16]. Nasal nitric oxide measurement 
may be a useful tool in diagnosis and manage-
ment and to alert for possible mucociliary defects, 
but its utility in allergic rhinitis needs to be fur-
ther evaluated [15, 60].

Rhinitis control is frequently monitored with 
control questionnaires and visual analogue scales 
[15]. The Rhinitis Control Assessment Test, a 
6-item patient completed instrument, and Control 
of Allergic Rhinitis and Asthma Test (CARAT) are 
such examples [64, 65]. Specific questionnaires for 
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athletes are the Allergy Questionnaire for Athletes 
(AQUA) that was developed by Bonini [66].

48.2.4	 �Management of Allergic 
Rhinitis in Athletes

Management of allergic rhinitis encompasses 
patient education, environmental control, phar-
macotherapy, and allergen-specific immunother-
apy. Surgical options might be used in highly 
selected cases [15]. Appropriate management 
requires an “evidence-based medicine” approach 
[15, 67]. For the elite athlete, it is also important 
to minimize the potential detrimental effects of 
allergic symptoms and treatment on performance 
[27]. Treatment requires careful planning to com-
ply to the “anti-doping” regulations and avoid 
detrimental influences of treatment adverse 
effects [27]. Specific aims for the athlete popula-
tion are the following: avoid exposure to peak 
levels of clinically relevant allergens and pollut-
ants; reduce symptoms and improve nasal func-
tions to minimize potential negative effects on 
sports performance; and use therapies complying 
with the WADA rules that do not affect 
performance.

Reducing allergen exposure can improve dis-
ease control and decrease the need for treatment 
[68]. In most cases and specifically in athletes, 
complete avoidance is difficult to achieve [41]. 
Nevertheless, measures aiming to reduce relevant 
allergens should be promoted. Removing carpets 
from the bedroom, careful and daily cleaning, 
and regular change of bed linen can be useful for 
reducing house dust mite exposure. For pollen 
exposure avoidance, following pollen forecasts 
and adapting training venues and training sched-
ule and using appropriate face equipment may 
minimize exposure, at least to peak pollen levels 
[16, 59]. Irritants reported to cause nasal symp-
toms, including pollution, chlorine, and cold air, 
should also be minimized [16]. In order to pre-
vent high-level exposure to these agents, training 
environment should be more controlled by 
improving ventilation systems of swimming 
pools and ice arenas [21] and taking measures to 
reduce global pollution [53].

48.2.4.1	 �Pharmacologic Therapy 
of Rhinitis in Athletes

The selection of treatment for a patient depends 
on multiple factors: type of rhinitis, symptom 
severity, age, and job [16]. In elite athletes, man-
agement of allergic rhinitis should be adapted to 
accommodate factors that may hazard the athletic 
performance, and the balance between efficacy 
and safety should be addressed before prescrib-
ing. In elite athletes the drug must be accepted by 
the most recent World Anti-Doping Agency 
(WADA) rules.

Antihistamines
H1-receptor antagonists block histamine at 
H1-receptor level (neutral antagonists or inverse 
agonists). They are effective in symptoms medi-
ated by histamine, namely, rhinorrhea, sneezing, 
and nasal and eye itching [15]. Antihistamines can 
be divided accordingly into their chemical class in 
alkylamines, piperazine, piperidines, ethanol-
amines, ethylenediamines, and phenothiazines 
[69]. However, the most used classification is func-
tional as first generation, which is sedating, and 
second generation which is relatively nonsedating 
[69]. Second-generation oral H1-antihistamines 
(e.g., rupatadine, ebastine, azelastine, levocetiri-
zine, desloratadine, or bilastine) are recommended 
in the most updated guidelines as they do not have 
anticholinergic and sedative, cognitive, and psy-
chomotor effects [67]. Athletes benefit the most 
with these recommendations, since first-generation 
H1-antihistamines may reduce psychomotor skills 
by their sedative effect and, by their anticholinergic 
activity, cause mucosal drying and reduce sweating 
and temperature regulation [21, 59]. Some authors 
even propose a cautious approach in the prescrip-
tion of any antihistamines 24–48 h before a major 
competition [59].

Topical H1-antihistamine can also be used. 
Intranasal H1-antihistamine, like azelastine and 
levocabastine, is locally effective in reducing 
itching, sneezing, runny nose, and nasal conges-
tion [15]. Due to their rapid effect, they can be 
used on demand by athletes to treat acute unex-
plained symptoms in the sports field [21]. 
Second-generation antihistamines are also used 
as topical treatment, like levocabastine and 
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emedastine. They can be used in combination 
with mast cell stabilizers, namely, sodium cro-
moglycate and nedocromil, throughout allergy 
season [70]. Dual-action anti-allergic molecules, 
like olopatadine or azelastine, allow to rapidly 
relief symptoms, due to their antihistaminic 
effect, and also have a long-term effect in mast 
cell stabilization [68, 70].

Decongestants
Decongestants, as vasoconstrictor drugs, act on 
adrenergic receptor reducing nasal obstruction. 
Their side effects (increased blood pressure, heart 
rate, central nervous system stimulation) limit 
their use [68]. Their clinical use should be limited 
to a short-term (<5 days) in order to avoid rhinitis 
medicamentosa [67]. These drugs are frequently 
available alone or in combination with other anti-
allergic treatments over the counter and are often 
used in athlete’s population. There are WADA-
specific anti-doping regulations of their use, for 
example, ephedrine and methylephedrine are 
prohibited when its concentration in urine is 
greater than 10 micrograms per milliliter and 
pseudoephedrine when its urine concentration is 
greater than 150 μg per milliliter. Athletes should 
be aware in order not to fall in a non-intentional 
doping rules violation [71].

Corticosteroids
The most efficacious and first-line treatment for 
allergic and nonallergic rhinitis is intranasal glu-
cocorticosteroids [15, 24]. These medications are 
safe to be used in athletes and effective in all 
symptoms of allergic rhinitis as well as ocular 
symptoms [15]. It is supported by high quality of 
evidence [67] and meta-analysis [72] that intra-
nasal glucocorticoids are more effective over oral 
and topical H1-antihistamines [67] and can be 
used during competition. In a cross-sectional sur-
vey in 446 athletes, treatment with corticoste-
roids was associated with significantly improved 
nasal symptoms and quality of life [39]. They 
have slow onset of action (12h) and maximum 
efficacy over weeks [68]. A recent review of 
Laekeman concluded that topical nasal cortico-
steroids require continuous therapy during at 
least for the symptoms duration [73].

The management of allergic rhinitis also 
improves asthma control and reduces asthma 
severity [19]. Intranasal steroids seem to prevent 
seasonal increase in nonspecific bronchial hyper-
reactivity and asthma symptoms associated with 
pollen exposure and seem to reduce asthma 
symptoms, exercise-induced bronchospasm, and 
bronchial responsiveness to methacholine [18]. 
Three post hoc studies described in the ARIA 
guidelines showed that allergic rhinitis treatment 
reduced potential utilization of healthcare for 
comorbid asthma [19].

Systemic corticosteroids are the last resort for 
allergic rhinitis treatment [68]. They are prohib-
ited by WADA when administered orally, rectally, 
or by intravenous or intramuscular administration 
[71]. When these formulations are needed, a 
Therapeutic Use Exemption (TUE) should be per-
formed for the athlete justifying its use [71].

Allergen Immunotherapy
Specific immunotherapy (IT), frequently known 
as allergy vaccines, is very effective in control-
ling symptoms of allergic rhinitis, can potentially 
modify the disease and their clinical benefits, and 
may be sustained years after discontinuing treat-
ment [16, 67]. It is recommended in symptomatic 
patients, with proven allergy, whose symptoms 
are not controlled with pharmacological therapy, 
with a significant and unavoidable exposure [16, 
74]. Athletes are frequently included in this 
group, namely, in the case of pollen-allergic ath-
letes who train and compete in outdoor environ-
ment, with symptoms that affect their performance 
[21]. This treatment should be performed by 
trained allergist and the athlete warned not to 
train in a few hours after immunotherapy injec-
tion. Subcutaneous immunotherapy (SIT) is rec-
ommended in adults and children with seasonal 
and persistent allergic rhinitis [67]. In some cases 
sublingual-specific immunotherapy (SLIT) can 
also be used [24, 67]. Other forms of immuno-
therapy might be introduced, namely, intranasal 
allergen-specific immunotherapy in adults [67].

Other Potential Treatment Options
Antileukotrienes inhibit inflammatory mediators 
produced in both allergic and nonallergic rhinitis 
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particularly after cold, allergen, and exercise 
challenge [21]. Recent guidelines recommend its 
use in seasonal allergic rhinitis in adults and chil-
dren and only in children in the persistent form of 
rhinitis [67].

Disodium cromoglycate and sodium nedocro-
mil are used in allergic rhinitis as intranasal prep-
arations. They are effective in some patients and 
have excellent safety profile, but its use for four 
times a day compromises adherence [24] and is 
less effective than antihistamines [67]. Intranasal 
ipratropium bromide decreases rhinorrhea inhib-
iting parasympathetic stimulation, but does not 
act in any other rhinitis symptoms [15]. For this, 
it has a small role in allergic rhinitis but may be 
useful in winter sports (“skiers nose”) increasing 
the ability of the nose to warm and humidify air 
reducing watery rhinorrhea caused by exposure 
to cold dry air [27].

48.3	 �Urticaria

Urticaria is characterized by sudden appearance of 
wheals, angioedema, or both that occurs second-
ary to the release of histamine, cytokine, and other 
mediators from activated mast cells [75]. Urticaria 
can be classified based on the duration of illness in 
acute (<6 weeks) or chronic (>6 weeks) [76]. 
Chronic urticaria can be further characterized due 
to their distinctly different pathological mecha-
nisms in chronic spontaneous urticaria and induc-
ible urticaria that include symptomatic 
dermographism, cold urticaria, delayed pressure, 
vibratory, solar, heat, contact, aquagenic and cho-
linergic urticaria, and vibratory angioedema [75]. 
It is not uncommon that both chronic spontaneous 
urticaria and different physical stimuli might trig-
ger symptoms in the same patient [75]. Inducible 
urticaria is particularly important for athletes, as 
they frequently contact with physical stimuli that 
can trigger urticaria [77].

Cholinergic urticaria is the most common type 
of physical urticaria in athletes, and it is precipi-
tated by an elevated body temperature. It occurs 
minutes after the onset of exercise and is charac-
terized by the appearance, initially in the trunk 
and neck, of generalized flushing, combined with 

pruritic punctuate wheals of 2–4 mm surrounded 
by red flares [78]. In rare cases, systemic symp-
toms might occur, like hypotension, abdominal 
cramping, and diarrhea [77].

Another common type, particularly in winter 
sports, is cold-induced urticaria. It develops with 
changes in skin temperature after exposure to 
cold, but symptoms may worsen during re-
warming [77]. Pruritus and hives appear mainly 
in cold-exposed skin areas, but extensive expo-
sure can result in generalized urticaria and even 
in systemic severe reactions, like anaphylaxis 
[79]. Delayed pressure urticaria can occur in 
some athletes, particularly those with chronic 
localized pressure, like skaters, who have skate 
constantly contacting in the ankle [77]. Typically, 
angioedema occurs with 4–8  h delay and may 
persist for several hours.

Chronic urticaria has a significant impact in 
quality of life, and it is associated with an 
increased prevalence of depression, anxiety, and 
sleep difficulties [80]. Athletic performance 
might be significantly impaired if this disease is 
not diagnosed, and its triggers unraveled, treated, 
and controlled.

48.3.1	 �Diagnosis

The mainstay of diagnosis is a thorough clinical 
history, addressing the duration, frequency, trig-
gers, and concomitant symptoms and also target-
ing differential diagnosis and syndromes usually 
related to urticarial reactions. A complete physi-
cal examination further supports diagnosis [75, 
76]. The use of questionnaire, like the urticaria 
activity score (UAS7), might help to understand 
the severity of the disease and monitor its evolu-
tion through time. Diagnostic measures will 
depend on the patient history and urticaria sub-
type. In acute urticaria no routine diagnostic 
measures are needed. For chronic spontaneous 
urticaria, in the latest position paper by EAACI/
GA2LEN/EDF/WAO, only very limited routine 
diagnostic measures are recommended including 
differential blood count and erythrocyte sedimen-
tation rate or C-reactive protein. Further diagnostic 
procedures should be adapted accordingly to the 
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patient clinical history and might include study of 
infectious diseases (e.g., Helicobacter pylori), 
type I allergy, functional autoantibodies, thyroid 
hormones and autoantibodies, skin tests for 
physical urticaria evaluation, tryptase, autolo-
gous serum skin test, and eventually a skin lesion 
biopsy [75].

Diagnosis of physical urticaria is particularly 
important in athletes, in order to avoid the trigger 
stimuli and also to assess response to treatment. 
However, for most types of physical urticaria, no 
validated tools exist. Cold provocation and 
threshold test using ice cube, cold water, and cold 
wind can be used to evaluate cold urticaria; now-
adays, a Peltier element-based provocation 
device (Tempest®)[81] is used as a validated tool. 
For dermographism and delayed pressure urti-
caria, assessment tools like dermatographometer 
and weighted rods can be applied [75, 82]. In 
other physical urticaria, namely, heat, solar, and 
cholinergic or aquagenic urticaria, office-based 
methods of provocation tests have been imple-
mented. These procedures should be performed 
in a standardized way to compare disease activity 
through time in the same patient. Contact urti-
caria can be demonstrated by cutaneous provoca-
tion tests, using, for example, skin prick test [75].

48.3.2	 �Treatment

The goal of chronic urticaria management is 
complete symptom control and disease remis-
sion. Therefore, the first recommendation is to 
avoid triggers, namely, relevant physical factors 
[76]. Then, pharmacological treatment using 
second-generation nonimpairing nonsedating 
H1-antihistamines is recommended as the first-
line treatment. They should be used on a regular 
basis and not in as-needed basis [75, 76]. After 
2–4 weeks of regular treatment, efficacy should 
be assessed, and if needed dosage should be 
increased up to four times the standard dose [75]. 
Montelukast can also be added for a 3–4 week 
trial. Nowadays, recommendations state that 
there is no additional benefit of combining differ-
ent H1-antihistamines and that first-generation 
H1-antihistamines are no longer recommended 
for use in urticaria [81].

During exacerbations a short course of an oral 
corticosteroid can be used; however, it is manda-
tory for the doctor to ask for a therapeutic use 
exemption in athletes.

Third-line treatments include omalizumab or 
off-label use of cyclosporine A [81]. Omalizumab 
is a humanized monoclonal antibody that binds 
selectively to the human immunoglobulin E (IgE) 
in its Cε3 domain, and its efficacy and safety 
have been demonstrated in chronic spontaneous 
urticarial refractory to H1-antihistamine treat-
ment. A previous report has been described of 
omalizumab use in a 14-year-old competitive 
athlete with recurrent exercise-induced anaphy-
laxis; however, despite being able to perform rec-
reational aerobic and non-aerobic exercise, he 
did not resume competitive running [83]. It’s use 
on chronic spontaneous and delayed pressure 
urticaria in a professional physical trainer also 
showed high efficacy [84]. Cyclosporine has a 
better risk/benefit ratio compared with long-term 
use of steroids, and it is recommended for patients 
with severe refractory disease to any dose of anti-
histamines [75].

48.4	 �Contact Dermatitis

Contact dermatitis is an inflammation that results 
from direct contact of a substance with the skin. 
It is classified in two types: contact dermatitis, a 
type IV delayed hypersensitivity reaction, and 
irritant dermatitis, which occurs due to direct 
contact of substances, such as solvents or chemi-
cals, which irritate the skin after exposure [85]. 
Signs and symptoms mainly appear as a pruritic, 
eczematous eruption that has an acute phase of 
bright red, edematous pruritic plaques, superim-
posed by vesicles and excoriations. Through 
time, the papules and plaques turn mildly ery-
thematous and form collarets of scale; further on, 
during the chronic phase, thick, lichenified 
plaques appear as well as hyperpigmented zones. 
The pattern and distribution of the lesions usually 
provide some guidance to the trigger of the der-
matitis [86]. An athlete is particularly suscepti-
ble, as he suffers repeated exposure to trauma, 
heat, moisture, and contacts with several aller-
gens and chemicals [87].
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Accordingly, to the type of sports practiced, 
athletes contact with different synthetic and natu-
ral chemicals in their sports equipment and envi-
ronment. In water sports, the use of goggles, nose 
plugs, and swim caps in swimmers, or the use of 
rubber or neoprene suits, gloves, snorkels, or 
mouthpieces in divers, can be associated with 
sensitization to benzoyl peroxide, phenol formal-
dehyde resin, thioureas, or antioxidants used in 
rubber production. Aside from equipment, water 
environment predisposes the appearance of irri-
tant contact dermatitis due to the chemicals used 
to disinfect the pools, like chlorine [87].

In land sports, including runners and baseball, 
softball, and football players, they mainly react to 
components of rubber, leather, glues, or dyes used 
in tennis shoes [87]. Pedal hyperhidrosis can 
facilitate the leaking of thiourea compounds from 
a shoe and elicit acute contact dermatitis [86]. In 
football, the most frequently reported contact der-
matitis is with football shin guards, most due to 
irritant contact dermatitis [88]. In sports played 
with a ball, one form of irritant contact dermatitis 
is the term “basketball pebble fingers,” which is 
secondary to the mechanical irritation of the ball. 
The rubber basketball can also cause contact der-
matitis, in which thiuram or mercaptobenzothia-
zole are the most frequent culprit agents [87]. 
There are only rare reports of contact dermatitis 
related to sports racquet use and to fiberglass in 
the hockey sticks [87]. Weight lifting, besides the 
irritant component secondary to friction due to the 
repeated contact, has been associated with aller-
gic contact dermatitis to metal bars, mediated by 
palladium and nickel hypersensitivity [89, 90].

Besides equipment’s specific topic treatments, 
like analgesic sprays, topical salicylates, anti-
inflammatory creams or gels and massage creams, 
and protective adhesive taping, can be important 
causes of allergic contact dermatitis. Specific 
allergens, namely, eucalyptus oils, indomethacin 
and diclofenac gels, and benzocaine and lanolin, 
are some of the most relevant allergens.

48.4.1	 �Diagnosis

A comprehensive history, focusing in occupational 
and hobby activities, disease course, seasonal vari-

ation, and response to treatment, as well as a phys-
ical examination, including the location and 
morphological features of the lesions, will guide 
diagnosis and might provide clues regarding the 
source or identity of the allergen [85, 86]. Patch 
testing is indicated to confirm allergic contact der-
matitis [91]. Usually a group of chemicals that 
have been proved to cause allergic contact derma-
titis have been assembled into standard patch test 
series, namely, in the European baseline patch 
series, which is frequently reviewed and changed 
accordingly to the prevalence of clinically relevant 
allergens [85, 92]. The test consists of the cutane-
ous application of a small amount of the suspected 
allergen in a suitable concentration and vehicle 
during at least 48  h, and then the skin reaction 
should be read at least twice, the first time after 
removal of the patches (on day 2) or at day 3 and 
the second one 2–5 days later [91]. In some spe-
cific cases, patch testing with personal products 
can also be used and tested “as is” or diluted [85]. 
However, not all positive patch test reactions are 
relevant to the athlete’s dermatitis. A positive 
patch past test that is not found to be clinically rel-
evant is termed “contact allergy” [93].

48.4.2	 �Treatment

After identification of the culprit allergen, evic-
tion recommendations should be done, with 
appropriate education on the recognition of the 
allergen in the product labels [85]. Another option 
is to try to create a barrier between the skin and 
the allergenic trigger. Treatment with topical cor-
ticosteroids improves recovery [86]. When severe 
and refractory cases are considered, a short course 
of oral corticosteroid might be needed [86].

48.5	 �Anaphylaxis

Anaphylaxis is defined as an acute serious life-
threatening, generalized, or systematic hypersen-
sitivity reaction that might cause death [94]. The 
lifetime risk is 1.6%, which is similar to what is 
previously reported in the literature for athletes 
[46, 95]. Both immunological (IgE dependent and 
IgE independent) and nonimmunological (direct 
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mast cell activation) mechanisms have been related 
to anaphylaxis [96]. Different triggers have been 
described, and they usually differ between age 
groups and world regions. The most frequently 
reported are foods, venoms, drugs (including bio-
logical agents, perioperative drugs, radiocontrast 
media), latex, and exercise [95]. Besides potential 
direct triggers, an anaphylactic reaction may only 
occur under the presence of specific patient-related 
risk factors or cofactor. Patient risk factors can be 
age, concomitant disease (asthma, cardiovascular 
disease, mastocytosis), and concurrent medica-
tions like beta-blockers and ACE inhibitors. 
Exercise, infection, emotional stress, premenstrual 
status, and ethanol or nonsteroidal anti-inflamma-
tory drugs (NSAIDs) ingestion have been 
described as important cofactors [94].

Five to fifteen percent of all anaphylaxis are 
elicited by exercise, independently of exercise 
intensity [97]. Food as a cofactor with exercise for 
anaphylaxis is described as food-dependent exer-
cise-induced anaphylaxis (FDEIA), and it can be 
further classified according to the food triggers [98, 
99]. If the episode occurs after ingestion of certain 
foods, it is described as specific food-dependent 
exercise-induced anaphylaxis (sFDEIA), and if it 
happens just after the ingestion of any food, it is 
designated by nonspecific food-dependent exer-
cise-induced anaphylaxis (nsFDEIA)[100].

Exercise-induced anaphylaxis can occur both 
in high-level athletes and also in those that only 
practice exercise occasionally. It usually occurs 
after short-term duration and intensity physical 
activity and has been described both during gar-
dening and walking activities [101]. Jogging is the 
most reported activity associated with exercise-
induced anaphylaxis, followed by running, tennis, 
and football. Athletes should be informed that ana-
phylaxis can occur in the beginning, during, and 
after exercise [99, 101].

48.5.1	 �Diagnosis

Diagnosis is highly dependent on a detailed clini-
cal history and recognition of symptoms and 
signs that occur minutes to hours after exposure 
to a known or potential trigger. A thorough 
description of all food, drug intake, relation to 

physical activity, and any potential cofactor 
should be studied [95]. Diagnostic criteria are 
described in Table 48.5. Differential diagnosis 
should be taken into account in order not to 
underdiagnose or overdiagnose anaphylaxis. 
Diagnosis in infants and children, elderly, and 
pregnant women can be more challenging; there-
fore, symptoms and signs are interpreted accord-
ingly to these specific populations [95].

Serum tryptase levels in blood samples taken 
15–180 min after symptom onset can be increased 
in about 60% of the patients and support the 
clinical diagnosis of anaphylaxis [94]. The gold 
standard for Exercise-induced anaphylaxis is an 
exercise challenge, preceded by food ingestion if 
food-dependent exercise-induced anaphylaxis is 
considered.

Table 48.5  Clinical criteria for diagnosing anaphylaxis

Anaphylaxis is highly likely when one of the following 
three criteria is fulfilled
1. Acute onset of an illness (minutes to several 

hours) with involvement of the skin, mucosal 
tissue, or both and at least one of the following:
a. �Signs or symptoms of respiratory 

compromise (e.g., dyspnea, wheeze-
bronchospasm, stridor, hypoxemia)

b. �Hypotension or symptoms of end-organ 
dysfunction (e.g., collapse, syncope, 
incontinence)

2. Two or more of the following that occur 
minutes to several hours after exposure to a 
likely allergen for that patient:
a. �Involvement of the skin-mucosal tissue  

(e.g., generalized urticaria, itch-flush, swollen 
lips-tongue-uvula)

b. �Respiratory compromise (e.g., dyspnea, 
wheeze-bronchospasm, stridor, hypoxemia)

c. �Hypotension or associated symptoms  
(e.g., collapse, syncope, incontinence)

d. �Acute onset of gastrointestinal symptoms 
(e.g., abdominal pain, vomiting)

3. Hypotension after exposure to a known allergen 
for that patient (minutes to several hours):
a. �Infants and children: low systolic blood 

pressure (age specific) or greater than 30% 
decrease in systolic blood pressurea

b. �Adults: systolic blood pressure of less than 
90 mmHg or greater than 30% decrease from 
that person’s baseline %

Adapted from [96]
aLow systolic blood pressure for children is defined as less 
than 70  mmHg if less than 1 year, less than 70  mmHg  
(+ [2× age]) from 1 to 10 years, and less than 90 mmHg 
from 11 to 17 years
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48.5.2	 �Treatment

Treatment for anaphylaxis and exercise-induced 
anaphylaxis follows consensus guidelines, which 
are now more strongly supported by increasingly 
high quality of evidence [94–96]. First, if possi-
ble, the trigger should be removed. If exercise is 
the considered trigger, physical activity should be 
ceased at the onset of symptoms [102]. 
Epinephrine is the medication of first choice in 
anaphylaxis. Early intramuscular administration 
in the mid-anterolateral thigh in a dose of 0.01 mg/
kg of a 1:1000 (1 mg/mL) solution, to a maximum 
of 0.5 mg in adults (0.3 mg in children), reduces 
hospitalization and death [75, 94, 95]. It should be 
repeated at every 5–15 min, as needed [96].

It is recommended to position the patient in 
supine (or semi-reclining in a position of comfort 
if dyspneic or vomiting) with elevation of the 
lower extremities. H1- and H2-antihistamines and 
glucocorticoids are second-line medications in 
anaphylaxis. These medications are not lifesaving 
and should not be used as initial or sole treatment 
[96]. Glucocorticoids are used to prevent biphasic 
or protracted episodes of anaphylaxis [95]. At any 
time, if indicated, supplemental oxygen and intra-
venous fluid resuscitation with a crystalloid such 
as 0.9% (isotonic saline) can be used [94].

After an episode of anaphylaxis, all individuals 
should be prescribed an epinephrine auto-injector 
and carry an emergency action plan. Furthermore, 
in order to prevent recurrent anaphylaxis, they 
should be followed-up by a specialized physician, 
in order to confirm anaphylaxis triggers and edu-
cate the patient [94]. In exercise-induced anaphy-
laxis, it is important to understand if there is 
another cofactor associated. However, it is usually 
recommended to avoid nonsteroid anti-inflamma-
tory medication before exercising, and, if there is 
an environmental trigger, like heat, cold, or 
humidity, exercise should be restrained in that 
conditions. In nsFDEIA, food ingestion should be 
avoided at least 2–4 h before exercise practice and 
at least until 1 h after [97, 99, 101, 103]. No pro-
phylactic drugs showed any efficacy to prevent 
exercise-induced anaphylaxis [103]. Family 
members and trainer should be educated to recog-
nize and treat an anaphylaxis, and training ses-
sions should be supervised.
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Football is without question the world’s most 
popular sport with an estimated 265 million reg-
istered players [1]. Much of the current growth is 
due to the rapid increase in the number of females 
playing as well as the growth in countries where 
football does not have a strong historical record 
such as the United States, China, and India [2] .

Compared with other sports, football is a vig-
orous sporting activity with relatively high inci-
dence of injury [3–6]. To decrease the number of 
injuries, prevent early retirement, and provide a 
healthy and safe environment for players, preven-
tive programs are highly recommended.

FIFA, Federation International of Football 
Association, comprises 206 federations, and one 
of its main concerns, through its Medical 
Commission, is to protect the players’ health. 
Injury prevention is an important area of inter-
vention, and therefore the foundation, in 1994, of 
a medical research center, FIFA Medical 
Assessment and Research Center (F-MARC), in 
order to prevent injuries and to promote safety in 
playing football, as well as health benefits, is a 
proof of this concern.

The development of injury prevention pro-
grams has been a central concern of several medi-
cal institutions involved in health care of general 
sportsmen and particularly with football players. 
The medical knowledge that the occurrence of an 
injury significantly increases the risk to the 
occurrence of a subsequent lesion (particularly if 
improperly rehabilitated and an unsuitable return 

N. Pais (*) 
ULS Nordeste, Bragança, Portugal 

Clínica do Dragão, Espregueira-Mendes Sports Centre - 
FIFA Medical Centre of Excellence, Porto, Portugal

Dom Henrique Research Centre, Porto, Portugal 
e-mail: npais@espregueira.com 

P. Beckert 
Portuguese National Football Team, Oeiras, Portugal 

Clínica CUF Alvalade, Lisbon, Portugal 

H. Jones 
Montijo Orthopaedic and Sports Medicine Clinic, 
Montijo, Portugal 

J. Espregueira-Mendes 
Orthopaedics Department of Minho University,  
Minho, Portugal

Clínica do Dragão, Espregueira-Mendes Sports 
Centre - FIFA Medical Centre of Excellence, Porto, 
Portugal 

Dom Henrique Research Centre, Porto, Portugal

3B’s Research Group–Biomaterials, Biodegradables 
and Biomimetics, University of Minho, Headquarters 
of the European Institute of Excellence on Tissue 
Engineering and Regenerative Medicine, AvePark, 
Parque de Ciência e Tecnologia, Zona Industrial da 
Gandra, 4805-017 Barco, Guimarães, Portugal 

ICVS/3B’s–PT Government Associate Laboratory, 
Braga/Guimarães, Portugal

49

mailto:npais@espregueira.com


566

to play and competition) is reasonable enough, in 
a medical perspective, for an effective investment 
in the development of injury prevention strategies 
in sports.

The types of injuries have a direct impact in 
preventing strategies [7]. It is possible that the 
noncontact injuries, which often occur in foot-
ball, are likely to be prevented with the practice 
of regular and structured exercise programs.

Analyzing published studies about injuries 
prevention related to football, Bizzini and Dvorak 
report that 20–50 % of noncontact injuries can be 
avoided by prevention programs based on exer-
cise [7, 8]. Studies such as Junge et al. [9], 
Soligard et al. [10], Emery et al. [11], Mandelbaum 
et al. [12], Steffen et al. [14], and Owoeye et al. 
[13] have shown evidence in the preventive effect 
based on exercise programs [9–14].

The “11+” is the gold standard of these pro-
grams both for amateur and competition football 
players, male or female, over 14 years old.

Approaching the issue of sports prevention 
injuries, the sequential model of actions proposed 
by van Mechelen has been followed by the main 
centers for the development and implementation 
of injury prevention programs.

This model outlines four essential steps for 
structuring and developing a prevention program.

In the first step, the problem magnitude should 
be established, namely, knowing the type of 
injury, its severity, incidence and prevalence in 
the sport and our target population. In this step it 
is crucial to resort to epidemiological studies 
published in the scientific literature and records.

In the second step, the mechanism of injuries 
and risk factors should be well known (whether 
of intrinsic or extrinsic nature and their possible 
modifications). It is essential to know that the 
noncontact injuries (focus of these programs) 
happen during the running, planting/cutting 
movements, and soft landings and that many of 
susceptible risk factors liable to be modified are 
related to deficiencies or imbalances involving 
muscle strength and neuromuscular control.

In the third step, the possible preventive mea-
sures are introduced. The “FIFA 11+” exercise 
program is an example of preventive measure-
ments to be used in football in order to prevent 
injuries. It will be discussed below in this chapter 
with more detail.

Finally, the fourth step must be a repetition of 
the first one. The effectiveness of the recom-
mended preventive measures should be evalu-
ated. The “FIFA 11+” program effectiveness was 
demonstrated by several random studies in 
female and male players [10, 13–15].

49.1	 �The “FIFA 11+”

The “FIFA 11+” was developed in 2006 by a 
team of international experts from the FIFA 
Medical Assessment and Research Centre 
(F-MARC), Oslo Sports Trauma Research Center 
(Norway), and Santa Monica Orthopaedic and 
Sports Medicine Research Foundation (USA) 
and was based in the experience of “the 11,” 
“PEP,” and other exercise programs [12, 16–20].

The “FIFA 11+” is a complete warm-up pro-
gram specially designed for football players, 
male or female, amateur or professional, of all 
levels with 14  years old or plus. This program 
should be performed, as a standard warm-up, at 
the start of each training session at least twice a 
week and takes around 20 min to complete. Prior 
to matches only the running exercises (parts one 
and three) should or may be performed.

This program has not only beneficial effects in 
preventing injuries as it contributes to the 
improvement of motor skills and physical perfor-
mance of football players [21–23]. In Portuguese 
young futsal players have also been found with 
beneficial effects on physical parameters related 
to strength, balance, and motor skills [24, 25].

Scientific studies have shown that young foot-
ball teams using the “FIFA 11+” as warm-up pro-
gram have a significantly lower risk of injuries 
compared with teams that do not use it [7]. The 
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male and female teams who perform the “FIFA 
11+” regularly have 30–50  % fewer injuries in 
training and competition.

Its effectiveness in preventing injuries, signifi-
cantly reducing the number of injuries, had been 
shown in a study published in 2008 by Soligard 
et al. (in female population 13–18 years old) and 
in a study by Steffen et al. [10, 14]. More recently 
Owoeye et al. and Silvers et al. showed, with ran-
dom studies, the effectiveness of “FIFA 11+” in 
young male population [13, 15]. Other studies, 
reported by Bizzini et al. in their reviewed article 
published in 2015, also showed the preventive 
effectiveness of the “FIFA 11+” [7].

49.2	 �The “FIFA 11+” Structure

The “FIFA 11+” has 3 parts with a total of 15 
exercises that must be performed in a specific 
sequence that follows a progressive and inten-
tional warm-up. The exercises are based on good 
practice and scientific studies.

A key point in the program is to use the proper 
technique during all of the exercises. Full atten-
tion should be paid to correct posture and good 
body control, including straight leg alignment, 
knee-over-toe position, and soft landings. It is 
essential that the coach supervises players’ per-
formance and correct them if necessary.

The first part consists of running exercises at a 
slow speed combined with active stretching and 
controlled partner contacts.

The second part includes six sets of exercises 
focusing on core and leg strength, balance, and 
plyometrics/agility, each with three levels of 
increasing difficulty.

In the third part, running exercises at moder-
ate/high speed combined with planting/cutting 
movements are performed.

Before the games, only the first and third parts 
are executed.

Each part has three levels. Players should 
begin at level 1, and only when the exercises are 

performed without any difficulty during a spe-
cific time and number of repetitions should they 
progress to the next level.

Regarding level upgrade, it should ideally be 
determined by each player. Alternatively, the 
group can progress in some exercises, keeping up 
the same level with others. To simplify, all play-
ers can progress to the next level in all exercises 
at the same time after 3–4 weeks of practicing.

It is estimated that the preventive effects of 
this program can be seen after 10–12 weeks of 
starting; however, it obviously depends on the 
frequency that players do it.

Mario Bizzini and Jiri Dvorak of FIFA 
Medical Assessment and Research Center 
(F-MARC), in the quoted article on the “FIFA 
11+,” highlight the fact that there are, practically, 
no publications on the prevention injuries of the 
lower limbs in professional players [7]. An 
exception is a study in 44 teams of several first 
leagues which points 5 most outstanding exer-
cises that are part of the “FIFA 11+” exercises 
panel [26].

The overall structure of the “FIFA 11+” can be 
observed in Fig. 49.1, and all the aspects related 
to the program can be found at www.f-marc.com/
plus.

Other age groups  – children under 14  years 
old and veterans above 40 – as well as referees 
have been subjects of studies for the development 
of preventive programs and the evaluation of 
their effectiveness [27, 28].

The “FIFA 11+ Referees” is an example of 
one of these programs and has been worldwide 
distributed and included in training courses for 
referees.

Although “FIFA 11+” is scientifically proven 
to be effective in the prevention of noncontact 
injuries and target of numerous awareness cam-
paigns and promotion, its dissemination and 
implementation on a large scale still remains a 
challenge for sports medicine staff in preventing 
injuries and promoting football practice on a safety 
basis and with all possible health benefits [7].
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Fig. 49.1  FIFA 11+ complete warm-up program. http://www.f-marc.com/downloads/posters_generic/english.pdf
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50.1	 �What Is It?

Late rehabilitation or rehabilitation on field is the 
last and most challenging stage in the return-to-
play process of a football player. One reason for 
this clinical challenge is the lack of research or 
consensus to suggest the most effective training 
loads, techniques, and decision-making for 
improving fitness and performance during late-
stage rehabilitation [1, 2].

Late rehabilitation begins when the player is 
clinically asymptomatic and ends when the 
player “returns to play.” Classically, this consists 
of integrating the different variables worked indi-
vidually until this stage (flexibility, strength, pro-
prioception) with velocity training, power 
training, and football-specific skills training in 
the same training process. As recently proposed 
by Blanch et al. [3], the real challenge during this 
stage is to train players to meet the demands of 
full training and competition loads in order to 
ensure return to play and reduce risk of subse-
quent injury. 
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50.2	 �The Main Goal

The main goal is to allow a safe transition between 
the rehabilitation process and the training process 
required to accumulate load in order to provide 
adequate return to play and performance.

From a strictly medical point of view, we sub-
divide the sports rehabilitation period after 
injury into four stages (1, initial stage; 2, inter-
mediate stage; 3, advanced stage; 4, return to 
play) that represent a progressive continuum of 
therapeutic management, according to the four 
typical questions the football player asks after 
injury: “When will I be able: (1) to walk nor-
mally? (2) to run normally? (3) to start training 
on the field? (4) to go back to competitions?” 
This strategy underlines one of the main themes 
of sports rehabilitation that objective criteria 
rather than specific timetables should guide clin-
ical decision-making.

Late rehabilitation or rehabilitation on field 
corresponds to the third and fourth phase of the 
global process of sports rehabilitation.

Late rehabilitation program should be per-
formed with on-field training, progressively expos-
ing the player to the football-specific demands.

The phases of rehabilitation are closely related 
to the stages of healing: 
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Regeneration phase
(Active Repair)

Remodeling phase

Inflamatory Phase
(Desctruction Phase)

The management of injuries during the stages 
of healing has been established [4]; however, 
according to “The clinician who waits for tissue 
healing before clearing the athlete to return to 
play will probably find a short-lived career with 
a sporting team. So, why is there a paradox 
between the evidence and clinical practice 
regarding when the athlete should return to 
play? Return-to-play criteria must depend on 
the type of injury, demands of sports and the 

affected body region. Ideally, a battery of 
accepted clinical criteria are used to guide safe 
return-to-play decisions. But these are physical 
assessments based on clinical dogma, with little 
empirical evidence to support their use, and lit-
tle consensus regarding what the best criteria 
are. This highlights the need for evidence to 
address this knowledge gap—ideally rigorous 
studies—but a good first step is to have 
consensus.” 
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Exercise
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Dynamic loading in the form of exercise reha-
bilitation can be started as soon as the repair 
phase has begun [6].

Exercise rehabilitation for an injury is classi-
cally described to have three phases (cognitive, 
associative, and autonomous) [5]. For the foot-
ball player, an additional phase relevant to return 
to play is added. The aims of the four phases are 
presented in Fig. 50.1.

From the theoretical point of view, the autono-
mous phase (phase 3) and return to play (phase 4) 
form the rehabilitation on-field concept.

For the rehabilitation process to be successful, 
communication between the medical team, 
player, trainer, and coach is critical.

50.3	 �When to Start?

The criteria for starting On-Field-Rehabilitation 
(OFR) are a good joint stability in clinical tests, no 
giving-way episodes during the preceding phases, 
minimal or no pain (visual analogue scale [VAS] 
less than 3/10), minimal effusion, complete range 

of motion (ROM), and maximal peak torque differ-
ence less than 20% between limbs in isokinetic 
tests. The football player must also be able to run 
on the treadmill at 8 km/h for more than 10 min [7].

An extremely important criterion to reach the 
late stage of rehabilitation, the football player 
must have gained adequate strength and stability 
in two “key muscles”: (1) dynamic stabilizers of 
the hip and (2) core stability. These two muscle 
groups are fundamental for a good rehabilitation 
and for the football player performance.

50.3.1	 �Dynamic Stabilizers of the Hip

The six short hip external rotators (superior and 
inferior gemellus, obturator internus and exter-
nus, quadratus femoris, and piriformis) have the 
capacity to provide hip joint compression and 
hence dynamic stability during most weight-
bearing and non-weight-bearing activities.

The gluteus medius is the dominant hip abduc-
tor and is the primary lateral stabilizer of the hip 
during one-leg stance activities.

The phases of exercise rehabilitation of the injured player

Phase 1
Cognitive Phase

To activate and isolate
the local stabilisers of the
jointA

IM
S To retain movement

patterns and isolated
muscles

Dynamic stabilisation with
emphasis on skill training
and functional
rehabilitation

This includes the process
by which the player
returns to the team in a
graded process until full
return

Phase 4
Return to Play

Phase 3
Autonomous Phase

Phase 2
Associative Phase

Fig. 50.1  The phases of 
exercise rehabilitation of 
the injured player
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The gluteus maximus plays an important role 
in generating extension and external rotation 
torque and has the potential to provide hip stabi-
lization by resisting anterior hip force. The glu-
teal muscles contribute at least 50% to isometric 
hip extension. If gluteal strength is inadequate, 
the hamstring muscle can be overloaded and sus-
ceptible to injury. This is especially true during 
sprinting activities. The gluteus maximus acts 
during running to control trunk flexion of the 
stance leg, decelerate the swing leg, and extend 
the hip. Any alteration in the gluteus maximus 
activation, strength, or endurance places greater 
demand on the hamstring. Overall the gluteus 
maximus provides powerful hip extension when 
sprinting, and the hamstrings help to transfer the 
power between the hip and the knee joints. Unlike 
the hamstring and quadriceps, the gluteus maxi-
mus usually is neglected in a rehabilitation pro-
gram of a footballer. Definitely, the gluteus 
maximus is a “key muscle” for a footballer.

50.3.2	 �Core Stability

The musculoskeletal core of the body includes 
the spine, hips and pelvis, proximal lower limb, 
and abdominal structures. Dynamic stabilization 
refers to the ability to utilize strength and endur-
ance and motor control in a functional manner 
through all planes of motion and action despite 
changes in the center of gravity.

Core exercises train the muscles in your pel-
vis, lower back, hips, and abdomen to work in 
harmony. This leads to better balance and stabil-
ity on the playing field.

Strong core muscles make it easier to do 
everything from running technique to having a 
good kicking technique. The stability of the lum-
bopelvic region is crucial, to provide a founda-
tion for limb movement, to support loads, and to 
protect the spine. Weak core muscles leave you 
susceptible to poor posture, lower back pain, and 
muscle injuries.

Each OFR session takes place outdoors on a 
grass or synthetic field and is integrated by gym 
sessions with specific strengthening, flexibility, 
and neuromuscular exercises. During OFR, the 

progression of each type of exercise is football 
specific and follows the principles of strength 
training and of increasing functional demand per-
formed on progressively broader spaces with 
respect to the musculoskeletal and neuromechani-
cal components involved in the recovery process.

50.4	 �Methods of Training 
and Rehab Interaction

The mechanistic view of human organisms 
inspired in analytic reductionism and classical 
cybernetics has deeply influenced sport theory, 
sport practice, and sport research in the last few 
decades [4].

“Any living system, including the human body is 
more than the addition of its parts.” Aristotle

During the last decades, influenced by the gen-
eral systems theory proposed by Ludwig von 
Bertalanffy and the models derived from the chaos 
theory, a new understanding of living beings and 
their complexity, organization, and relationship 
with environment as well as their development has 
been stablished. From this new perspective, human 
beings in motion are understood as a complex and 
indivisible entity [5]. Football is not an exception. 
According to Seirul.lo [6], a new paradigm has 
been proposed, where the footballer is considered 
a hypercomplex structure configured by interac-
tions and structures (Fig. 50.2).

According to Seirul.lo [6], these structures 
interact with each other and with the environment 
so the entire network self-structures, acquiring a 
different structure for each player at any given 
time, every time, hence the nonlinearity proposed.

This holistic paradigm shift seems ideal for 
team sports where continuous interaction 
between teammates, opponents, and objects 
requires a high level of self-structuring. 
Therefore, training becomes a unique event, 
where the footballer “trains and learns.” Exercises 
should be constructed to provide this dynamic 
activity, i.e., practices should emphasize high 
variability and global approach, far from the clas-
sical analytical, repetitive, and “closed” tasks. 
Within that network of structures (Fig. 50.2), 
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none of them is more important than the other; 
everything is alike. In each workout will be a dis-
tinct priority tailored to the needs of the athlete, 
but in the pre-match, a synthesis of all structures 
occurs again. In the case of injured players, once 
the player is ready to train on the field, as pro-
posed by Pol [5], training should not be focused 
exclusively on the individual but also the collec-
tive entity (team).

“Every engine scheme will be strengthened through 
the variability of practice.” 

The wide range of exercises (variety) of this 
approach has other benefits for the group work 
since each individual must reach a solution with-
out requiring many individual instructions from 
the coach, in other words, the subject is self-
organizing. Performing various exercises, and at 
the same time introducing variation and variabil-
ity, makes the subject spontaneously discover 
individual movement patterns allowing to 
respond more effectively to the drive task pro-
posed. We should increase the responsibility of 
the player in the training process, and with these 
actions, we’ll improve motivational aspects [7].

50.4.1	 �Principles of Training

The so-called principles of training are defined as a 
set of generic rules that govern the process of devel-
oping physical fitness and are based on biological, 

psychological, and educational aspects. It is of 
paramount importance to base the planning and 
execution of sports programming on these prin-
ciples, since proper implementation will depend 
largely on the success of our work [8]. These 
“principles” are part of the holistic approach and 
should not be interpreted as isolated units. We’ll 
describe them separately in order to facilitate a 
better understanding.

Training loads lead to various physiological, 
morphological, and functional adaptations, 
resulting in increased physical performance. This 
loading must be adequate in order to avoid func-
tional impairment and must follow these 
“principles.”

50.4.1.1	 �Effective Load
Effective load intensity must exceed a “lower 
threshold” below which no training effect is 
achieved and remain under an “upper threshold” 
defined as the maximum tolerance level above 
which training effects may be harmful, leading to 
injury or overtraining if not identified. These 
thresholds are individual according to individual 
training levels.

50.4.1.2	 �Load Progression
Loading must increase gradually. Improvement 
in performance is a direct result of the amount 
and quality of work the athlete achieves in train-
ing. From the sport initiation to the top-class ath-
lete, workload in training must increase gradually 

BIONERGETIC

CONDITIONAL

COORDINATIVE

COGNITIVE
SOCIO-

AFFECTIVE

EMOTION-
VOLITIVE

CREATIVE -
EXPRESIVE

GAME/
PLAYER

Fig. 50.2  Structures configuring the 
hypercomplex athlete/footballer according to 
Seirul.lo [6]. Each structure must be considered a 
manifest of underlying processes. In other words, 
processes, a network of dynamic relationships 
between systems, manifest through what we call 
structures. What we classically call “capacities” 
are nothing but a sectorial evaluation of the 
processes occurring in a giving system which 
configure a given structure
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according to each individual’s physiological and 
psychological abilities [8].

Load might be increased continuously or in a 
fluctuating manner. During continuous increase 
(monotonic), the load continuously increases 
without any decrease, although not necessarily 
always the same rate. During fluctuating increase 
(non-monotonic), training frequency increases 
first, and then training volume and workload 
intensity is at last increased.

50.4.1.3	 �Variety
The realization of the same technical and physical 
exercises might lead to monotony and boredom 
causing improvement stagnation. To overcome 
this problem, a wide range of training proposals 
should be offered. The challenge is not only 
changing/alternating training exercises regularly 
but also introducing all the structures such as con-
ditional, cognitive, coordinative, socioaffective, 
etc. (Fig. 50.2) in every proposed exercise.

50.4.1.4	 �Optimum Balance 
Between Load and Recovery

Working and recovery periods are closely linked 
during training process in order to achieve a 
higher performance capacity. Classically 
described as the supercompensation phenome-
non, recovery after each workload must be 
assured, either within a session or between differ-
ent sessions. Recovery times are influenced by 
load intensity and the type of training.

50.4.1.5	 �Repetition and Continuity
This principle is based on the necessity for 
repeated actions to achieve performance improve-
ment and ensures that repetition fixes habits, 
techniques, and knowledge. Without repetition 
and continuity in the training session’s stimuli, it 
would be impossible to develop a good perfor-
mance recovery. The body needs time to make 
metabolic, morphological, and structural neces-
sary adaptations that will result in improving and 
maintaining fitness.

50.4.1.6	 �Reversibility
Training adaptations are reversible. Most of the 
adaptations will be reversed during inactivity 

periods. This rate of loss is different for each 
capacity, being higher for endurance and strength 
endurance rather than speed or the maximum 
force. As general rule, overall losses up to 10% 
of fitness in a week of total inactivity are 
accepted.

50.4.1.7	 �Periodization
The adaptation process follows different phases: 
growing, stabilization, and decline. It requires 
training to be structured in different cycles of dif-
ferent durations. For example, the basic training 
unit is a working session; a day can have one or 
more sessions; and a microcycle is a small set of 
workdays with a common goal: normally a week. 
A mesocycle is a set of microcycles, usually one 
month; and a macrocycle is a set of mesocycles 
featuring preparatory, competitive, and transition 
periods. For a successful recovery and perfor-
mance, it is very important that each microcycle 
relates to the next and previous by interconnec-
tion patterns to optimize the relationship between 
structures.

50.4.1.8	 �Individuality
Each athlete is different and responds differently 
to training process. This is due to different intrin-
sic factors: genetics, age, sex, maturation, bio-
type, psychological factors, fitness levels, etc.; 
however, external factors might affect response 
to training process: rest, sleep, food, and environ-
mental aspects such as temperature, altitude, etc. 
We should aim to design individualized training 
for each athlete and specific timing (especially 
during on-field rehabilitation). Obviously, this is 
not fully achievable if we establish homogeneous 
working groups.

50.4.1.9	 �Specialization 
and Multilateral 
Development

The training process during formative years 
requires a broad base of multilateral (or generic) 
training. It allows the development and settles the 
basis for their sporting future. As the mature ath-
lete improves the generic work, he/she should 
decrease the benefit of a greater impact on spe-
cific aspects of the preparation. Since training has 
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specific effects; it’s that an energy system just 
improves by working that energy system. 
Specialization and athletic mastery are function-
ally based on multilateral development [8].

50.4.2	 �Capacities of Training

“This is not about adding, joining, or mixing abili-
ties; instead we should attempt to separate them as 
little as possible.”

From the perspective of considering foot-
ballers as a hypercomplex structure (Fig. 50.2), it 
makes sense not to add, join, or mix abilities but 
more importantly to try separating them as little 
as possible, i.e., during the design of training sit-
uations, we should aim to be as close as possible 
to the structure and operation of the game of foot-
ball, close to his internal logic.

Definitely, the message is to keep in mind two 
fundamental principles of learning for this 
concept: the specificity of the task and the 
transfer.

“The game in football occurs globally but we can 
not fragment the constituent parts.” 

Physical capacities represent sectorial evalua-
tions of a system from a structure [6]. All the 
different physical capacities are optimized to 
configure the physical condition of the sports-
man (Fig. 50.2). Mallo [9] distinguishes endur-
ance, strength, and speed as the three basic 
conditional capacities, from which strength is 
the most important in team sports. Each of these 
capacities shows a different manifestation in 
each playing position, and every player gives a 
different importance to them in his self-structur-
ing process [6]. In addition, there are other con-
ditional facilitating capacities as flexibility and 
relaxation.

As mentioned by Mallo [9], these physical 
capacities are worthless in themselves, as they 
need to be developed in interaction with coordi-
native and cognitive capacities (Fig. 50.2).

	(a)	 Coordinative capacities support the specific 
skills of football players and are necessary 
for driving the ball, passing, shooting, etc.

	(b)	 Cognitive capacities are used to integrate 
and to provide the best solution to each 
game-specific situation, in other words, opti-
mizing the interaction between structures 
[9].

According to Cano [10], “the qualities and 
capabilities are indivisible, do not give never sep-
arated and therefore must always be united in 
training activities.”

50.4.2.1	 �Strength Capacity
Exercise load is a key aspect during training pro-
gramming, even more during the on-field rehab 
training programming. If loads are not appropri-
ated correctly, we will not be able to achieve our 
goals either due to lack of stimuli or 
overloading.

Rehabilitation and reconditioning exercises 
must be functional and oriented during the whole 
process to the return to competition. Strengthening 
should follow a transition from general exercises 
to sport-specific exercises designed to replicate 
specific movement patterns of the game.

Specificity of movement speed is another key 
question to consider during programming. 
Strengthening exercises are velocity specific, 
which means that the speed at which an athlete 
trains is directly related to the speed at which 
strength increases.

Core stability and proprioception are strength 
workouts we should consider adding to any reha-
bilitation program, improving their demands and 
difficulty level under the recovery process.

50.4.2.2	 �Aerobic Capacity
Aerobic activities need to be worked at the sub-
maximum and maximum capacity for the athlete 
including running series, running interval train-
ing, specific repeated sprints, regular weight 
strength routine, and specific sport-related exer-
cises on the field.

Designing physical training programs to 
improve aerobic power is only limited by the 
coach’s imagination. Various methods can be 
used to improve aerobic capacity; however, 
research [11, 12] suggests that high-intensity 
(running interval exercises at an intensity of 

50  Late Rehabilitation (On the Field)



578

90–95% of Heart rate (HR) max for an effort/
interval duration of 3–8 min are recommended) 
and sport-specific training (small side games 
between 5 and 7 four-minute efforts at approxi-
mately 90% HR max with 3  min rest between 
efforts) will deliver a good performance benefit.

Yo-Yo intermittent endurance test in level 2 
due to his specific approach with the competition 
conditional data should be applied in the latest 
stage of the player recovery just to confirm we 
have the 90–95% of the aerobic capacity recov-
ered [13].

50.4.2.3	 �Flexibility Capacity
Flexibility exercises should be incorporated into 
the overall fitness program sufficient to develop 
and maintain ROM. These exercises should 
stretch the major muscle groups and be per-
formed a minimum of 2–3 days per week. 
Stretching should include appropriate static and/
or dynamic techniques. According to Seirul.lo 
[6], flexibility will be a facilitator capacity for the 
recovery, inside the adjuvant training, not inside 
the optimizing training for the player.

50.4.2.4	 �Speed Capacity
Assuming accelerometer’s technical limitations 
(included in the so-called GPS devices), we pro-
pose monitoring the athlete in terms of individu-
alized speed peaks, symmetry of impacts (step 
balance), and symptom-free sport-specific pat-
terns of movements. Ideally, the individual 
benchmarking will be derived from existing pre-
injury match data.

For example, as proposed in the FC Barcelona 
(FCB) Muscle Injury Guidelines [14], running > 
21 km/h free of symptoms, accelerations (most of 
them into 3–4 m/s2), and total tolerance to decel-
erate achievement of max speed around the 
90–95% of the athlete’s maximum will be very 
useful parameters to drive our decision-making 
process.

Once all functional criteria described above 
have been achieved and strength, flexibility, and 
fitness have reached normal ranges, this does not 
mean the athlete is fully cleared to return to com-
petition. Psychological readiness to return to play 
is also important in making the return-to-play 

transition. The current focus of rehabilitation is 
on restoration of physical function, and often 
physical and psychological readiness states do 
not coincide. However, no consensus is available 
in assessing an athlete’s psychological readiness 
to return to play [2].

Based on FCB experience [14], a full regular 
week plan of training with the squad (of at least 
four full training sessions) without pain and free 
of discomfort or “fear” (adequate mindset) 
should be completed. During this week, perfor-
mance should be monitored for individual/posi-
tional benchmarking using “GPS” and HR data 
as well.

This performance surveillance should be 
extended to competitions after the player returns 
to play.
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51.1	 �Introduction

Anterior cruciate ligament reconstruction 
(ACLR) if done successfully improves stability, 
reduces laxity, and decreases the risk of future 
knee joint pathology and surgery [1, 2]. 
Significant advancements in surgical procedures 
and rehabilitation have led to improved func-
tional outcomes and high expectations in return 
to sport (RTS) [3]. Despite the relatively high rate 
of successful outcomes following ACLR, graft 
failure during rehabilitation can occur [4]. In 
many cases, this limits an athlete’s ability to 
return to their pre-injury level of activity with 
reported rates that vary from 37% to 75% [2, 4, 
5]. In a recent systematic review, Ardern et  al. 
evaluated 69 studies and 7556 participants after 
ACLR. On average, 81% of patients returned to 
some kind of sport, 65% returned to their pre-
injury level of sport, and only 55% returned to 
competitive level sport [6]. Even though recent 
studies show a great difference between expecta-
tions and RTS, as RTS rates are generally reported 
as ranging from 60 to 80% [7–9].

One of the greatest concerns with RTS is the 
risk of reinjury. It is well known that the risk of 
sustaining a new anterior cruciate ligament (ACL) 
injury is 5.8% for the ipsilateral and 11.8% for the 
contralateral limb at a minimum of 5 years of 
follow-up [10]. Women have a higher incidence 
of ACL injury to the contralateral knee than men 
after reconstruction. Younger and higher-level 
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athletes seem to be at higher risk of reinjury [11]. 
Graft failure may also occur as a result of errors in 
technique, fixation failure, or lack of biological 
graft incorporation into the bone tunnel [12]. 
Technical error has been shown to the most com-
mon etiologic factor leading to graft attrition and 
recurrent pathology [13]. These errors may be 
subdivided into the following: improper intra-
articular placement of the graft, impingement of a 
graft in the intercondylar notch due to insufficient 
notchplasty or an anterior tibial tunnel, improper 
tensioning of the graft, or inadequate fixation 
[13]. A recent review found that most failures 
occurred 6–9 months after surgery [14].

So when is it safe to allow footballers back on 
the pitch? A great deal of basic science research 
over the last 15 years has provided insight into fac-
tors that directly influence time course and quality 
of graft tunnel healing [15–17]. Many of these find-
ings however have yet to be translated to the bed-
side, and knowledge of the healing process in 
humans is limited. Strategies to enhance healing 
have also been explored due to great interest for ear-
lier return to activity among competitive athletes 
with aggressive postoperative rehabilitation. These 
include the use of growth factors, periosteal aug-
mentation, and mesenchymal stem cells [18–20].

Consistent with increasing pressures to return 
athletes to the field of play, methods for quantita-
tive clinical assessment of ACL function follow-
ing reconstruction have evolved. Magnetic 
resonance imaging (MRI) has emerged as a tool 
in the postoperative athlete in predicting graft 
health with parameters such as volume and signal 
intensity [21, 22]. MRI has also been used to elu-
cidate differences in bone morphology between 
genders and critically evaluate postoperative 
patients for technical errors such as nonanatomic 
graft placement and graft impingement within 
the notch [23–25]. Similarly, electromagnetic 
testing and other noninvasive devices such as the 
KT-1000 arthrometer have recently been vali-
dated to assess ACL stability as an objective out-
come measure for clinical follow-up [26–29]. 
Given that current parameters for return to play 
are largely dictated by surgeon preference and 
patient-reported outcomes, these quantitative 
measures of ACL function may help to establish 
a safe threshold for footballers in the immediate 
postoperative phase and rehabilitation process.

51.2	 �Clinical Strategy

51.2.1	 �Rehabilitation Principles

The main goal of rehabilitation following ACLR 
is to return the athlete to the previous level of 
function as quickly and as safely as possible, 
minimizing the risk of reinjury and degenerative 
changes in the joint. Recurrence after ACLR is 
one of the most devastating outcomes after reha-
bilitation and RTS. In order to reduce this phe-
nomenon, we suggest adopting the right clinical 
strategy in a strong organizational context. For 
right clinical strategy, we mean follow a criteria-
based, functional-oriented rehabilitation proto-
col. For strong organizational context, we mean 
having a proper team (including a sport medi-
cine physician, a physical therapist, and a recon-
ditioning specialist), a proper facility (consisting 
of medical offices, rehabilitation gyms, rehabili-
tation pool, and rehabilitation field), and a 
proper method (clinical strategy shared by the 
team).

51.2.2	 �Clinical Strategy

Nowadays, the most appropriate approach after 
ACLR is applying a criteria-based rehabilitation 
protocol, rather than predefined times [30–33]. 
Certain clinical and functional criteria must be 
met in order to progress throughout rehabilitation 
and to finally be allowed to RTS. Therefore, the 
time for RTS is a secondary goal, the first must be 
to fulfill the necessary criteria [31]. Even if crite-
ria usually regards ROM, strength, neuromuscu-
lar control, proprioception, and endurance, 
validation of subjective and objective criteria for 
RTS is still lacking [34].

The protocol we apply in the daily clinical 
activity with knee patients consists of four func-
tional steps, the so-called traffic lights, and 
various well-defined criteria, to be met before we 
proceed from one step to another:

First traffic light: walking without crutches

•	 Surgeon’s approval
•	 Absence/minimal pain and swelling
•	 Full knee extension
•	 Recovery of the correct gait cycle
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Second traffic light: running on a treadmill

•	 No pain during walking
•	 Knee flexion more than 120°
•	 Walk on a treadmill for at least 10 min without 

pain or swelling
•	 Adequate muscle tone of the trunk, thigh, and 

limb

Third traffic light: starting on-field 
rehabilitation

•	 Less than a 20% deficit between the two quad-
riceps and hamstrings at the isokinetic test

•	 Run on a treadmill for at least 10  min at 
8 km/h without pain or swelling

Fourth traffic light: return to the team

•	 Surgeon’s approval
•	 Complete ROM
•	 Complete recovery of muscular strength defi-

cit at the isokinetic test
•	 Complete metabolic recovery (aerobic and 

anaerobic threshold test)

•	 Complete on-field rehabilitation
•	 Movement patterns restoration (>90 pts. at the 

movement analysis test)

51.2.3	 �Organizational Context

Regarding the organization, we suggest having a 
proper facility, a proper team, and a proper 
method in order to control the recovery process 
after an ACL injury. The proper facility consists 
of rehabilitation gyms, rehabilitation pools, and 
sport fields. The use of these three areas at well-
defined moments is crucial for the best recovery. 
The rehab gym is still considered the main area 
with an average of 60% of the total number of 
sessions. During each session specific exercises 
are performed, together with manual and physi-
cal therapies if needed (Fig.  51.1). After the 
suture removal, the patient can begin rehabilita-
tion in the pool that will cover about 20% of the 
total sessions. The aquatic environment offers 
many advantages, such as offering the opportu-
nity of working in the absence of gravity, control-
ling weight-bearing progression, and introducing 

Fig. 51.1  Specific exercises performed in the gym
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sport-specific movement patterns such as kicking 
or heading the ball. The sport field is the main 
facility of the last phase allowing patients to RTS.

The sport medicine team, tasked to follow the 
patient from the injury to RTS, consists of at least a 
sport medicine physician, a physiotherapist, and a 
reconditioning specialist. According to our method, 
the doctor acts as the “case manager” being in 
charge of the whole process. He/she plans the cus-
tomized rehabilitation protocol, coordinates the 
team around the patient, and communicates regu-
larly with the orthopedic surgeon. This multidisci-
plinary approach represents a gold standard for the 
recovery process. Close communication between 
surgical and rehabilitation team, and in the rehab 
team itself, is essential for successful recovery and 
RTS.  Communication is crucial to explain the 
patient the goals of rehabilitation, to monitor his/
her progression, and to be aware of complications.

51.2.4	 �Return to Sport Strategy

According to what is previously described (fourth 
traffic light), we allow the athlete to RTS only if cer-

tain criteria are completely satisfied. These criteria 
represent our RTS criteria, and we follow a potential 
strategy in order to accomplish each of them.

1. Recovery of muscular strength is certainly a 
milestone in rehabilitation, both in the literature 
and in our experience. Quadriceps femoris weak-
ness is very common after ACLR and persists at 
long follow-up [35, 36]. We also know that 
strength weakness alters knee joint biomechanics 
and may lead to early osteoarthritis [37, 38]. It is 
indeed mandatory to reach the symmetry between 
the two limbs (100% both for extensor and flexor 
strength) evaluated with the isokinetic test 
(Fig.  51.2). In case of strength deficit, the test 
must be repeated until the complete recovery.

2. Metabolic recovery also plays a crucial role 
and has to be considered because fatigue leads to a 
potential risk of reinjury by altering the neuromus-
cular control [39]. We suggest checking aerobic 
and anaerobic lactate thresholds through specific 
tests (Fig. 51.3). Customized threshold training is 
subsequently proposed to guarantee a proper met-
abolic reconditioning. Before RTS the player has 
to reach the right values of aerobic and anaerobic 
threshold depending on the type of sport.

Fig. 51.2  The isokinetic test
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3. The on-field rehabilitation (OFR) is the 
most critical and important part of the recovery 
process. Sport-specific movements and drills are 
progressively reintroduced, and aerobic/anaero-
bic reconditioning is completed. Della Villa et al. 
demonstrated that a program of OFR allows ear-
lier RTS without jeopardizing functional out-

come at 5-year follow-up [40]. We also know that 
OFR may safely lead to complete functional 
recovery and return to sport [41]. The strategy we 
propose is to perform sport-specific supervised 
exercises both indoor (synthetic field) and out-
door (natural field) (Fig.  51.4). The protocol is 
progressive in terms of loading, complexity of 

Fig. 51.3  The threshold 
test

Fig. 51.4  The on-field rehabilitation
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the proposed exercises, and velocity of the agility 
drills. Regarding the duration of the OFR, it 
mainly depends on the clinical issue.

4. Movement patterns restoration also needs to 
be pursued. We know that specific movement pat-
terns are frequently associated with a certain type 
of injury. For example, a dynamic knee valgus 
may predict primary ACL injury, and altered neu-
romuscular control may predict second ACL 
injury after ACLR [42, 43]. These dangerous pat-
terns have to be avoided in order to reduce the 
reinjury rate. Patients presenting with some kind 
of movement impairments need to be pro-habili-
tated to a more correct movement strategy. This is 
the main reason why we suggest performing a 
sport-specific movement analysis test (MAT) and 
correct the neuromuscular impairments (Fig. 51.5).

Apart from these well-established criteria, we 
know that prevention and psychological aspects 
are other “key points” in the modern rehabilita-
tion landscape. The prevention concept should be 
early introduced in the recovery process: from 
the first specific intervention in the pool to the 

more specific neuromuscular programs to be per-
formed on the field. The programs may be really 
effective in primary prevention, with a reduction 
up to 30% of injuries, in case of maximal compli-
ance to the program [44]. Plus, educating the 
patient to a neuromuscular prevention program 
(to be performed at least three times a week) can 
be very effective in reducing the risk of reinjury. 
Psychological factors have been already studied; 
it seems that both fear (fear of reinjury and kine-
siophobia) and innate personality traits play a 
role in the return to sport decision [45].

51.3	 �Quantitative Assessment

There have been numerous studies that focus 
more specifically on clinical measures to assess 
functional performance following ACL recon-
struction. A recent systematic literature review 
found that concentric or isometric strength and 
the single-hop leg test for distance were most 
commonly used [46]. Myer et al. provided a more 

Fig. 51.5  Movement patterns evaluation
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recent analysis on an athlete’s single-limb perfor-
mance using the single-limb symmetry index 
[47]. In their Level 3 case control study, single-
limb vertical jump height and maximum vertical 
ground reaction force were measured on a porta-
ble force plate, but deficits were independent of 
time after reconstruction [47]. These measures 
can be difficult to extrapolate from the clinic to 
the playing field given the complexity of knee 
kinematics during athletic competition and con-
siderations in regard to patient effort during clini-
cal examination. Lentz et al. recently compared 
physical impairment and functional and psycho-
social measures 6 months and 1 year following 
ACL reconstruction [48]. They found that ele-
vated pain-related fear of movement and reinjury, 
quadriceps weakness, and reduced IKDC scores 
at 6 months post-op placing patients at risk for 
failure to return to sports at 1 year [48].

Reports in the early 1900s showed that the 
ACL also plays a role as a restraint to rotation of 
the knee [49]. Slocum and Larson first described 
a clinical examination that assessed rotatory knee 
stability [49]. Further work by Jakob and eventu-
ally Lemaire et al. on the basis of previous stud-
ies coined the term “pivot shift” to describe the 
anterolateral rotation laxity seen with ACL insuf-
ficiency [49]. This physical exam maneuver is 
characterized by abnormal anterior rotatory sub-
luxation of the lateral tibial plateau when the 
medially rotated limb is under load in a few 
degrees of flexion. While still under load, sponta-
neous reduction occurs as the knee is flexed to 
30° or 40°.

Despite a lack of standardization in the litera-
ture, the pivot shift is the most specific test to 
establish the diagnosis of ACL insufficiency 
before and after surgery [50–52]. On most occa-
sions, pivot shift test grading in the clinic setting 
is subjective but used as an objective outcome 
tool to test dynamic laxity of the 
ACL. Standardizing the pivot shift test to improve 
inter-tester reliability has been the focus of recent 
work at our institution [53]. Several different 
approaches have been developed to assist in 
improving the pivot shift test: (1) measurement 
of knee laxity, (2) quantification of knee dynam-
ics by acceleration, and (3) mechanization and 

instrumentation of the test [54]. A meta-analysis 
in 2012 found the KT-1000 arthrometer per-
formed with maximum manual force has the 
highest sensitivity, specificity, accuracy, and pos-
itive predictive value for diagnosis of ACL rup-
ture [26]. We utilize the KT-1000 arthrometer 
(MEDmetric Corporation) at our institution.

Improvements in measurement technology 
have allowed for quantification of dynamic knee 
motion with an electromagnetic motion tracking 
system. This permits characterization of the pivot 
shift by tibial anterior translation and/or tibial 
acceleration [54, 55]. The system (FASTRAK, 
Polhemus, Colchester, VT) at our institution uses 
an electromagnetic field with three receivers to 
measure the 6° of freedom of the knee at a high 
sampling rate (Fig. 51.6). To enhance repeatabil-
ity, previous studies have shown that the pivot 
shift can be mechanized [56–58]. In the clinical 
setting, an examiner requires proprioceptive 
feedback to control the force and moment arm 
for each individual knee which introduces vari-
ability with regard to the examiner’s unique test-
ing maneuver. Standardized technique at our 
institution has been designed on the basis of the 
Galway and MacIntosh procedure [59]. A recent 
review described the most common torques used 
to simulate the pivot shift were 10-Nm valgus 
and 5-Nm internal rotation at 30 degrees of knee 
flexion [49]. However, great variability in tech-
nique remains, and no methodology can cur-
rently be defined as the gold standard. As such, 
further work is necessary before defining return 
to play criteria on the basis of the pivot shift 
maneuver.

51.3.1	 �Imaging Assessment

MRI has emerged as a powerful tool given its 
high sensitivity and specificity for diagnosis of 
ACL tears, graft tears, and associated injuries 
(Fig.  51.7). Our institutional protocol utilizes a 
1.5-T magnet open-bore configuration 
(Magnetom Espree, Siemens Medical Solutions, 
Malvern, PA, USA) to image the ACL in multiple 
planes with different pulse sequences [60]. 
Clinical applications begin with preoperative 
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planning to define each athlete’s unique bony 
morphology and ligamentous anatomy in an 
attempt to minimize the most common technical 
errors of reconstruction [60]. These errors can be 
critically evaluated with postoperative MRI in 
addition to assessment of ACL healing during the 
rehabilitation period [55].

Previous studies have focused on the process 
of graft healing and maturity or “ligamentiza-
tion” and describe an early phase of increasing 
vascularity followed by remodeling and matura-
tion phases [61, 62]. MRI evaluates this increase 

in vascularity during healing, which is repre-
sented by an increased signal in the graft and 
periligamentous tissues [63]. As the graft matures 
over time, MRI signal intensity on proton density 
(PD)-weighted sequences decreases [64]. Ntoulia 
et al. showed an increased in signal intensity at 6 
months postoperative with no significant increase 
in signal by 12 months [64]. Contrast-enhanced 
studies have also been used to evaluate graft vas-
cularity by calculating the enhancement index 
(ratio of signal-to-noise quotient [SNQ] before 
and after contrast) [65]. Autografts have been 

Fig. 51.6  Intraoperative 
pivot-shift 
measurements with 
electromagnetic motion 
trackers and 
quantification with iPad 
software
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shown to reach peak revascularization 4–6 
months after surgery, while allografts have 
increasing signal/noise quotient (SNQ) values 
12–24 months after surgery, suggesting a slower 
onset and rate of revascularization [65, 66].

Variability in rates of return to play may sug-
gest that graft healing necessary for the forces 
tolerated during sporting activity has not been 
achieved. Although signal intensity has shown 
promise, unrelated factors may confound inter-
pretation such as graft impingement. One source 
of graft impingement is the posterior cruciate 
ligament, which contacts the ACL in approxi-
mately 25% of native knees [25]. Contact 
between the ACL graft and PCL, however, has 
been shown to occur in 75% of double-bundle 
reconstruction knees [25].

Maturation of the graft within the femoral and 
tibial tunnels appears to lag behind the intra-
articular graft [64]. Cross-sectional imaging with 
MRI has been shown to be superior to plain 
radiographs in the assessment of tunnel healing 
[67]. Decreases in tunnel diameter on MRI have 

correlated with increased osteointegration and 
vascularity [67]. Sagittal oblique images, how-
ever, cannot fully visualize the boundary between 
the intra-femoral tunnel and intra-articular graft, 
and some believe coronal oblique images make 
evaluation of the entire course of the graft possi-
ble [68]. However, no consensus on graft visibil-
ity and prediction of graft maturation has been 
found, but new techniques independent of acqui-
sition characteristics are currently being 
developed.

�Conclusion

The current concept after ACLR is applying a 
criteria-based rehabilitation protocol, rather 
than respect prefixed times. Certain clinical 
and functional criteria have to be satisfied in 
order to progress throughout rehabilitation 
and to finally be allowed to RTS. The applica-
tion of this kind of protocol must be empha-
sized to ensure optimal return to performance. 
Rehabilitation programs should be patient 
specific with respect to graft type and the 

Fig. 51.7  Increased signal in ACL graft at 3 months postoperative signifies vascularity in the healing graft compared 
to 9 months postoperative
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biomechanical demands of an athlete’s sport. 
In order to supplement serial examination of 
the postoperative athlete, new research into 
clinical tools and advances in imaging aim to 
provide objective benchmarks for safe return 
to play. Standardization of the pivot shift test 
may be a powerful tool in defining criteria for 
rehabilitation protocols, but further work is 
necessary at the current time. Correlation with 
serial MRI to evaluate surgical technique and 
graft healing may also assist with the clinical 
decision-making process, but no consensus in 
its utility has been established. The safe 
release of footballers to the training pitch 
should aim to minimize the risk of reinjury, 
but the scientific debate to determine the opti-
mum time for return to sport is ongoing.
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52.1	 �Physiological Demands 
of Football

Football is an intermittent multiple-sprint sport 
characterized by repeated bouts of short duration 
high-intensity sprints in an endurance context that 
also requires the maintenance of skills throughout 
the match [1]. In a 90-min match, the distance 
covered by a football player ranges from 8 to 
13 km, depending on factors like players’ fitness 
level, field position, difficulty of the game, tactics 
of the team, and weather conditions [2–5]. The 
majority of the distance is covered by walking  
and low-intensity running, and it is mainly the 
high-intensity exercise periods that distinguish 
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top-class players from the others. International 
top-class players perform 28% more high-inten-
sity running (2.43 vs. 1.90  km) and 58% more 
sprinting (650 vs. 410 m) than professional play-
ers at a lower level [1]. Although players perform 
low-intensity activities for more than 70% of the 
game, heart rate and body temperature measure-
ments suggest that average oxygen uptake for 
elite football players is around 70% of VO2Max 
with an estimated energy expenditure of 16 kcal/
min [6, 7]. Since football players perform 150–
250 brief, intense actions during a game [1], this 
indicates that the rate of anaerobic energy turn-
over is high during periods of a game. Even 
though this has not been studied directly, intense 
exercise during a game would lead to a high rate 
of creatine phosphate breakdown, which to a great 
extent is resynthesized in the following low-inten-
sity exercise periods [7, 8]. The energy substrate 
utilized during a football match is mainly glyco-
gen, as seen by the depletion of glycogen in some 
muscle fibers that could be related to fatigue 
toward the end of the game [9]. In high-intensity 
activities, such as sprints and jumps, glycogen 
contributes approximately 50% to ATP turnover, 
and the repeated sprint activity that characterizes 
a football match leads to a reduction in glycogen 
concentrations, which in turn may impair perfor-
mance in the latter stages of a match [10]. In one 
study employing Loughborough Intermittent 
Shuttle Test (LIST), a protocol mimicking the 
demands of team sports like football, the authors 
found a significant reduction in muscle glycogen 
concentrations from before to after exercise, both 
in type I and type II muscle fibers [11]. A study 
employing the Copenhagen Soccer Test (CST) 
[10] found similar results: type I and type II mus-
cle fibers exhibited significant glycogen deple-
tion, with ~80% of fibers being completely or 
almost depleted (<200 mmol/kg d.w) of glycogen 
after 90  min of intermittent activity. These low 
concentrations have been shown to decrease the 
glycolytic rate [8]. Type II fibers seem to be the 
main responsible for decreases in performance 
when their glycogen content is low [12]. 
Furthermore, the depletion of muscle glycogen in 
the sarcoplasmic reticulum results in reductions 
in muscle calcium handling [13], compromising 
the contractile property of the muscle [14].

Fat oxidation appears to increase progressively 
during a game, partially compensating for the 
progressive lowering of muscle glycogen. 
Increased levels of triglycerides might occur in 
the second half due to elevated catecholamine 
concentrations. The decline in blood lactate con-
centration associated to an increase in plasma free 
fatty acids during the game confirms the change 
in substrate utilization during the game [8, 9].

52.2	 �Fatigue

Match-related fatigue is determined by a combi-
nation of central and peripheral factors. The 
decline in performance observed at the end of a 
match arises from a combination of several fac-
tors involving mechanisms from the central ner-
vous system to the muscle cell itself and energy 
production [15]. Fatigue in football seems to 
occur at three different stages in the game: (1) 
after short-term intense periods in both halves, 
(2) in the initial phase of second half, and (3) 
toward the end of the game [16]. The first two 
stages are not directly related to nutrition issues, 
but fatigue at the end of the game is associated 
with low glycogen concentrations in a consider-
able number of muscle fibers.

Data from the 2014/15 Italian Serie A, English 
Premier League, and Spanish La Liga shows that 
the final 15 min of a match is the period when 
more goals occur and that top teams always have 
a better goal difference [17]. Then, it seems cru-
cial to optimize nutritional strategies in order to 
reduce fatigue and maintain physical and techni-
cal performance throughout the match. In this 
context, it seems well established that high car-
bohydrate intake in order to maximize glycogen 
storage is a crucial strategy to enhance perfor-
mance in a football match.

52.3	 �Carbohydrate

Carbohydrate and fat are the main fuels for train-
ing and competition, and its relative contribution 
to energy demands depends on several factors, 
such as pre-exercise carbohydrate storage, exer-
cise frequency, intensity and duration, or even 
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athletes’ training status [18]. Since carbohydrate 
availability to muscle and central nervous system 
can be compromised when the cost of the exer-
cise exceeds endogenous carbohydrate storage, 
provision of additional carbohydrate may be cru-
cial to enhance performance in high-intensity 
sports [19].

Carbohydrate daily intake necessary to recover 
from daily training sessions depends on its inten-
sity and duration, and it must be carefully esti-
mated. Louise Burke and colleagues defined, in 
2011, general recommendations for carbohydrate 
intake for daily training recovery [20]. For a 
highly active athlete (e.g., moderate-to-high-
intensity exercise of 1–3 h/day), a 6–10 g/kg/day 
carbohydrate intake must be achieved. The large 
interval provided covers many exercise durations 
and intensities, and these general recommenda-
tions should be fine-tuned with individual con-
sideration of total energy expenditure, specific 
training needs, and feedback from training per-
formance [20].

52.3.1	 �Pre-exercise Carbohydrate 
Intake

For events lasting longer than 90 min of sustained/
intermittent exercise, Burke et  al. recommend a 
carbohydrate-loading strategy, consisting on a 
carbohydrate intake of 10–12  g/kg/day for 
36–48 h [20]. It is important to choose compact 
carbohydrate-rich sources, low in fiber and resi-
dues, in order to meet fuel targets without com-
promising gut comfort. Carbohydrate loading can 
enhance performance of prolonged team games 
involving repeated high-intensity sprints, such as 
football [21]. Regarding the precompetitive meal, 
the recommendations target an intake of 1–4 g/kg 
of carbohydrates 1–4 h before game [22].

Consuming a carbohydrate-rich meal in the 
hour before a game is still a matter of debate. Most 
recent studies conclude that there is no effect of 
pre-exercise (<60  min) carbohydrate feeding on 
performance [23]. Furthermore, some studies 
claim the development of hypoglycemia in some 
athletes. In these individuals, it is important to plan 
meals in order not to develop this condition. Some 
options include choosing low glycaemic index 

(GI) carbohydrates, ingesting carbohydrate just 
before exercise or during a warm-up, or avoiding 
carbohydrate in the 90 min before exercise alto-
gether [23].

52.3.2	 �Carbohydrate During a Match

The consumption of carbohydrate during a match 
represents an effective way of providing exoge-
nous fuel to the muscle and central nervous sys-
tem [23]. Several studies have shown a 
performance enhancement when carbohydrates 
are consumed prior and during exercise, not only 
in physical performance [24, 25] but also in 
football-related skills, such as passing, dribbling, 
and shooting [26–28].

Strategies providing 60 g of carbohydrate per 
hour seem to be effective in a football game, but it 
can be modified according to players’ preferences. 
Bars, chews, gels, or drinks are effective ways for 
providing carbohydrate during the game [29]. 
Although some sports allow frequent ingestion of 
carbohydrate during a game, football limits the 
opportunity to ingest carbohydrate. Therefore, the 
minutes before the game and the half-time period 
are crucial to meet the recommendations [30].

There is accumulating evidence that the bene-
fit from carbohydrate consumptions is due to a 
central effect as well. Actually, carbohydrate 
mouth rinse seems to improve performance 
during moderate- to high-intensity exercise 
(~60–75% VO2max), of at least 1  h duration 
[31]. The mechanism is probably neural, via oral 
receptors that activate brain regions related to the 
sensation of reward and pleasure. The sweetness 
of carbohydrate (CHO) does not influence the 
activation of the oral receptors [32].

52.3.3	 �Carbohydrate for Recovery

After exercise, timing and amount of carbohy-
drate consumption depend on several factors, 
such as the recovery period. With less than 8 h 
between exercise sessions, it is recommended a 
carbohydrate ingestion of 1.0–1.2 g/kg/h. for the 
first 4 h, in order to maximize glycogen synthesis 
[20]. The consumption of moderate to high 
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glycemic index foods post exercise is 
recommended, although a recent study showed 
no differences in 5 km time trial performance 3 h 
after a low or a high glycemic index meal, con-
sumed after a glycogen-depleting exercise [33]. 
When there is a large recovery period between 
two exercise sessions, meal frequency and carbo-
hydrate intake are not so relevant.

Adding protein to these meals may enhance 
glycogen synthesis, especially when carbohy-
drate intake isn’t high enough [20].

52.4	 �Hydration in Football

In a sport played outdoor like football, dehydra-
tion can have a negative impact on performance, 
especially when combined with heat stress. 
Although some individuals may be more or less 
sensitive to dehydration, the level generally 
accepted that is capable to induce performance 
degradations approximates >2% decrease in 
body mass [34]. In a football practice or match, 
dehydration values from 0.5% to 3.4% of body 
mass loss were reported [35], with higher losses 
being associated with temperatures from 27 °C 
[3] to 35 °C [36]. Data concerning dehydration 
and football performance is relatively scarce and 
inconclusive. Higher Ratings of Perceived 
Exertion (RPE) and slower sprint times at the 
end of LIST as well as a decrease of 5% on drib-
bling skills were observed with dehydration of 
2.5% compared with 1.4% [37]. More recently 
after a LIST protocol, football skills and inter-
mittent high-intensity exercise performance 
were similar with 2.5%, 1.1% and 0.3% of dehy-
dration [38]. When another exercise protocol 
was used (Yo-Yo Intermittent Recovery Test), 
dehydration by 2.4% led to an increase in RPE 
and to a lower performance compared to 0.7% 
[39]. Interestingly, in this study, when players 
washed their mouths with plain water in a vol-
ume corresponding to 2 ml/kg body mass, with-
out swallowing the fluid, mouth rinse resulted in 
2.1% dehydration but also reduced the total dis-
tance run by the football players during the 
Yo-Yo Test.

Even with conflicting data, it is prudent to 
assess hydration status of players and try to avoid 

body mass losses above 2%, especially when it is 
known that football players start a practice or 
match play already in a dehydrated state, proba-
bly as a result of cumulative dehydration from 
previous training practices [36]. Moreover, the 
intake of sports beverages during a match can 
supply an additional source of carbohydrates, 
very useful in players that do not initiate the 
game with glycogen stores completely full.

52.5	 �Nutritional Interventions 
to Improve Skills 
Performance

Although the vast majority of studies regarding 
nutritional interventions have focused on physi-
cal performance, the possible impact of nutrition 
on technical performance (commonly known as 
skills) has become a matter of interest for the sci-
entific community.

The results altogether are somewhat equivo-
cal, but it seems evident that skill performance is 
affected by some factors which might threaten 
homeostasis, such as fatigue [40, 41], dehydra-
tion [42], and reductions in blood glucose con-
centrations [20]. The most important skills in a 
football match are passing and dribbling, due to 
its frequency, and shooting, due to its ability to 
decide the final result [43, 44]. The second half of 
a football match is usually associated with a 
decrease in technical skills, particularly in pass-
ing and shooting [45], with total possession and 
total ball distribution also suffering a reduction 
[41]. Proficiency in match-related skills might be 
even more important than high-intensity activity. 
A study with Premier League players found that 
overall technical and tactical effectiveness of the 
team rather than high levels of physical perfor-
mance per se is a more important success deter-
minant in football [46].

52.5.1	 �Carbohydrate

Although there is a lot of evidence on carbohy-
drate and physical performance, only a few stud-
ies evaluated its effect on football-specific 
technical performance. The majority of these 
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studies used a 6–8% carbohydrate beverage 
before and during the exercise to investigate its 
effects on skills during a match simulation, and 
some were able to find an improved performance 
in dribbling [28, 47], shooting [26, 28, 48], and 
passing [27].

Based on the available studies, it is hard to 
determine an optimal dose of carbohydrate to 
enhance technical performance, and it remains to 
be determined if the current recommendations 
for carbohydrate intake are optimal for preserva-
tion of skills that require cognitive input. 
However, following the recommendations of 
some authors, exogenous carbohydrate intake 
must exceed a rate of 50 g/h [27], but the amount 
associated with an improvement in performance 
varies according to the skill observed [26].

It remains unclear whether reductions in blood 
glucose concentrations lead to decreased techni-
cal performance, as the influence of rebound 
hypoglycemia has only been studied from a phys-
ical perspective. As the glycemic response to a 
subsequent bout of exercise appears to be inde-
pendent of carbohydrate dose [49], and high gly-
cemic index carbohydrate intake appears to blunt 
rebound hypoglycemic responses [50], the provi-
sion of additional carbohydrates may enhance 
technical performance, particularly in the latter 
stages of a match.

In all studies examining carbohydrate and 
technical performance the mode of carbohydrate 
administration was a beverage, given before and 
during the match. Although absorption at the 
lower gastrointestinal tract is important to elicit 
carbohydrate effects on performance, carbohy-
drate mouth rinse without ingestion has been 
shown to elicit ergogenic effects [31]. In a recent 
review, 9 out of 11 studies regarding carbohy-
drate mouth rinse showed an increased perfor-
mance (range from 1.50% to 11.59%) during 
moderate to high-intensity exercise (~75% Wmax 
or 65% VO2max, ~1 h duration) [31]. However, 
investigations on mouth rinse and football skill 
performance are lacking.

High carbohydrate intake several hours 
before a match has already been studied. In a 
recent study [51], football players fed with a 
high carbohydrate (8 g/kg body mass [BM]) diet 
for 3.5 days before a match had more favorable 

score lines than players with a low carbohydrate 
intake (3  g/kg  BM) diet. However, a previous 
study [52] observed no benefit of a high carbo-
hydrate diet (8 g/kg BM) for 48 h on shooting 
and dribbling performance. Further investiga-
tion is needed to understand the possible impact 
of high carbohydrate intake several hours before 
a match on technical performance, acknowledg-
ing the fact that a high carbohydrate diet 
1–2 days before the match could be beneficial in 
muscle glycogen loading, decreasing the possi-
bility of fatigue due to glycogen depletion 
toward the game.

52.5.2	 �Fluids

Studies regarding hydration status and technical 
performance are scarce and not clear. In athletes 
who did not ingest fluids during a 90 min match 
simulation, performance was deteriorated by 5% 
(P  <  0.05), when compared with athletes who 
ingested fluids [37]. Mean heart rate, perceived 
exertion, serum aldosterone, osmolality, sodium, 
and cortisol responses during the test were also 
higher (P < 0.05) in dehydrated athletes. A study 
by Ali et al. [26] also showed a decrease in post-
exercise shooting performance when athletes did 
not properly replace fuel or electrolytes during a 
90 min exercise test. It is important to notice that 
these athletes were in a fasted and energy-
depleted state.

Although the results from these studies show 
the importance of ingesting fluids, the conditions 
did not mimic real-life usual practices, and the 
effects of dehydration upon technical perfor-
mances in football players remain unclear.

52.6	 �Nutritional Intake

Based on studies assessing physiological 
demands of football players, specific nutritional 
recommendations have been developed. In order 
to evaluate the adequacy of nutrient and energy 
intake in these athletes, some studies tried to ana-
lyze it using food records (weighed or estimated), 
food frequency questionnaires, and other less 
detailed methods.
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52.6.1	 �Energy Intake 
and Expenditure

Most of the available investigation on energy 
expenditure and intake focused on adolescent and 
young adult football players. Overviewing avail-
able studies with accurate methodologies, we 
observe that energy intake is higher for male play-
ers in comparison to their female counterparts. In 
male adult players, two studies [53, 54] found dif-
ferent energy intakes: in a fourth division junior 
team [53], energy intake was 3030 ± 141 kcal/day, 
and in a first division junior team [54], it was 
2796.4  ±  525  kcal/day. When assessing female 
players, several studies found energy intakes 
ranging from 1904  ±  366  kcal/day in English 
international players [55] to 2291 ± 310 kcal/day 
in American National Collegiate Athletic 
Association (NCAA) Division I [56].

Although higher-energy intakes are expected 
in men due to differences in body composition 
and other physiological parameters, some studies 
suggest that underreporting is higher in women 
[57, 58].

52.6.2	 �Carbohydrates

Most studies have reported daily CHO intakes 
lower than those recommended. This is some-
what surprising given the well-documented and 
disseminated importance of an adequate carbo-
hydrate ingestion to maximize performance. 
Both fourth and first Spanish division junior 
teams reported mean carbohydrate intakes lower 
than 5 g/kg BM (4.57 ± 0.2 and 4.7 ± 1.1, respec-
tively) [53, 54]. These intakes are lower than 
those recommended by Burke et al. [20].

It is necessary to understand at which extent 
does low to moderate carbohydrate ingestion may 
negatively affect performance, although it is well 
established the performance benefits when carbo-
hydrate intake is high before a football match.

52.6.3	 �Protein

Protein needs of athletes seem to be higher than 
the recommended for sedentary individuals due 

to their potential to enhance strength, but also to 
provide a supply of amino acids for an increased 
amino acid oxidation that may occur during 
training and competition [59]. Many factors 
need to be considered when determining an opti-
mal amount of dietary protein for exercising 
individuals. These factors include protein qual-
ity, energy, and carbohydrate intake, mode and 
intensity of exercise, and the timing of protein 
intake. In a review focusing on football players, 
the recommendation for protein intake was 1.4–
1.7  g/kg [60]. Nevertheless, protein intake of 
adult football players typically ranges from 1.5 
to 1.8 g/kg, for males, and 1.2 to 1.4 g/kg, for 
females [59].

These intakes are lower than the recommended 
in females and adequate or slightly higher in 
males. Timing of ingestion [61] and quality of 
protein intake [62] must also be considered when 
evaluating protein needs and outline nutritional 
strategies to enhance performance.

52.6.4	 �Fat

The dietary reference intakes set an acceptable 
macronutrient distribution range (AMDR) of fat 
as 20–35% of total calories from fat. Some 
authors have suggested football players to ingest 
<30% of total energy intake in the form of fat. In 
a 2009 review from the American College of 
Sports Medicine, athletes in general are advised 
to consume fats within the AMDR of 20–35% of 
total calories [63].

Several studies in male football players 
reported fat intakes over 30% [53, 54, 64], with 
a Spanish first division junior team reporting 
consumption of 37 ± 5% of energy intake from 
fat [54]. These values are higher than most rec-
ommendations and may limit the likelihood of 
achieving carbohydrate intake recommenda-
tions. Most studies regarding female athletes 
intake show fat intakes between 24% and 30% of 
total daily energy intake, although a study in 
Spanish teams showed a fat contribution of 
37 ± 7% [65].

The proportion of dietary fatty acids and ratio 
n6:n3 are major factors when assessing fat intake, 
but only a few studies presented values for 
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saturated, monounsaturated, and polyunsaturated 
fatty acids [53, 65, 66]. From the analysis of the 
available literature, both male and female foot-
ball players consume more saturated fat than rec-
ommended (<10% of total energy intake).

The majority of studies conducted have 
revealed a nutritional intake pattern quite differ-
ent from recommendations. There is a need to 
improve information availability and assure the 
presence of a nutritionist/dietitian in football 
clubs, so that nutrition intervention programs can 
be implemented, leading to a health and perfor-
mance optimization.

52.7	 �Body Composition 
in Football

Monitoring body composition in football ath-
letes is a very important issue and it should be 
performed regularly. Reported values for percent 
of body fat for elite football players range from 
7% to 19%, estimated by skinfold equations 
[67]. Recently, reference values for body com-
position and anthropometric measures were cre-
ated in Portuguese elite athletes, and the mean 
value for the sum of 7 skinfolds (triceps, sub-
scapular, biceps, suprailiac, abdominal, thigh, 
and medial calf) was 105.5 mm in females and 
58.1 mm in male footballers. Regarding body fat 
assessed by dual-energy X-ray absorptiometry 
(DXA), the mean value for male athletes was 
12.1%. [68]. These values have to be framed into 
players’ position, since goalkeepers tend to have 
a little more weight and body fat than other posi-
tions [69, 70]. Beyond that, the nature of effort 
associated to different playing positions can 
modify the recommended values of players’ 
optimal body fat levels. At this regard, wide mid-
fielders, central midfielders, fullbacks, and 
attackers usually cover a greater distance in 
high-intensity running than central defenders 
and could benefit from lower values of body fat 
[71]. It was also reported that midfielders have 
higher values of relative oxygen consumption, 
maximal heart rate, maximal running speed, and 
blood lactate than other positions, a physiologi-
cal profile that is also associated with lower  
levels of body fat [70].

Although the international status of the play-
ers is not always associated with lower body fat 
values [69], top team players regularly have less 
fat and better physiological values (higher peak 
torque of knee extensors, running velocity at lac-
tate threshold, and vertical jump height) in 
comparison to the middle and last teams of the 
league [72].

Ethnicity can also interfere in body composi-
tion analysis, since non-Caucasian athletes tend 
to have lower body fat levels [69]. Moreover, 
some skinfold prediction equations [73] have 
race as a predictor variable with total body 
decreasing 2–2.5% in African athletes compared 
to Caucasian ones.

Methods for body composition assessment 
will differ greatly depending on the club and the 
resources at its disposal. Anthropometry is a 
quick, relatively inexpensive, and reliable 
method to perform field measurements. 
Presenting the data as sum of skinfolds is more 
accurate, since it is not dependent of the equa-
tion chosen to predict body fat, but most of the 
times players and coaches want to know body fat 
percentage. At this regard, the last equation 
developed by Reilly et al. [67] explained 78.4% 
of variance in DXA. This study also showed that 
seven-site skinfold equation of Withers et  al. 
[74] was the most accurate and highly correlated 
with DXA-derived body fat percentage. One 
advantage of these two equations is the incorpo-
ration of lower-body skinfold sites, since, due to 
loading pattern and lower-body dominance of 
football, it would be expected that the density of 
the lower limb mineral compartment increases in 
football players as well as muscular develop-
ment, particularly the hip flexors, quadriceps, 
hamstrings, and ankle flexors [75]. Beyond that, 
a study found that anterior thigh skinfold has the 
highest single-skinfold correlation with DXA-
determined body fat and the combination of the 
thigh and calf skinfolds explained more variance 
in body fat percentage than Durnin and 
Womersley’s sum of 4 skinfolds equation [76]. 
This data reveals the importance of choosing an 
equation that evaluates lower-body skinfold 
sites, since they are more highly related to per-
cent fat in healthy individuals than upper-body 
sites.
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The utilization of DXA has been disseminated 
at elite clubs, providing an accurate assessment 
of fat mass, bone mineral content, and lean mass. 
DXA is a quick and easy to perform method and 
provides a precise and attractive data feedback to 
players [77].

52.8	 �Practical Nutritional 
Considerations in Football

Nutrition is a key factor in elite athletes’ perfor-
mance. Nowadays, a football season at elite level 
has more than 50 games, with a lot of sequences 
of 2 or even 3 games per week. Then, an appro-
priate diet is crucial to optimize match to match 
recovery but also to promote training adaptations. 
In elite football, the weekly training load is 
highly variable according to the number of 
games. In Premier League, the distance covered 
in training was lower in a three-game week ver-
sus one- and two-game weeks, though accumula-
tive weekly distance was higher (35.5 ± 2.4 km), 
and players spent more time in speed zones 
>14.4 km/h [78]. So, it is certain that high carbo-
hydrate availability is crucial to improve physical 
match performance, but a consistent high carbo-
hydrate intake also attenuates molecular path-
ways regulating training adaptation. Thus, one of 
the most important practical considerations 
regarding nutrition in football is to periodize car-
bohydrate intake according to weekly training 
and match schedules. This could be done by 
offering high protein-moderate carb meals (milk, 
yogurts, eggs, low fat cheese, nuts, oatmeal, and 
whole-grains) and water as beverage option dur-
ing training, in the initial days of the week, and 
increasing the carbohydrate availability (fruit and 
fruit juices, cereal bars, jam/honey sandwiches, 
oats) and sports drinks during training, in the day 
before the game. Regarding the precompetitive 
meal, it is not easy for most of the athletes to 
accomplish the recommendations (1–4  g/kg) 
[22], so it is very important to provide some 
examples of menus and adequate amount of food 
necessary. The club nutritionist has to be aware 
that in this meal the main goal is to maximize 
carbohydrate intake with the less possible volume 

of food to minimize abdominal discomfort and 
constraint, particularly because some athletes get 
nervous and anxious before the games and lose 
appetite.

The meal after the training session comprises 
an excellent opportunity to provide to athletes the 
nutrients needed to optimize recovery and to 
improve their nutritional status, since, most of the 
times, the other meals during the day are not 
supervised by the club. In this context, a recovery 
snack/drink is a good option following intensive, 
prolonged, or resistance exercise. Protein intake 
immediately after training guarantees a source of 
amino acids for muscle growth and repair. In par-
ticular, leucine appears to be an important amino 
acid to trigger muscle protein synthesis and adap-
tation [79], and current research suggests that 
20–25 g protein is required in the “recovery” meal 
or beverage [80]. Although a lot of food combina-
tions can be provided to accomplish these recom-
mendations, just 1 scoop of whey protein is 
sufficient to provide ~2–2.5  g of leucine and 
20–25 g of protein, with the advantage of players 
could choose the flavor and personalize their post-
workout recovery drink. Beyond protein, carbo-
hydrate needs can begin to be met simultaneously. 
Maltodextrins or other high glycemic index car-
bohydrates could be options if it is urgent to 
replenish liver and muscle glycogen stores, but 
fruit could be a very good option in this context. 
Particularly fruits with high amounts of phyto-
chemicals and subsequent high antioxidant activ-
ity like cherries, pomegranate, and blueberries 
[81] could be a good strategy to improve players’ 
recovery and antioxidant status. The post-workout 
recovery drink could also be a good way to incor-
porate other nutrients with a possible positive 
impact in players’ performance like creatine, vita-
min D, and n-3 fatty acids [82, 83].

52.8.1	 �Dietary Planning

Elite clubs are composed by players of different 
countries and beliefs about food. Besides food 
allergies/intolerances, the cultural idiosyncrasies 
of the players have to be taken into account when 
planning a menu. The provision of several options 
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in a meal buffet is essential to guarantee that all 
the players are comfortable with their choice 
since the meals before a game should be a pleas-
ant moment with no additional stress due to play-
er’s rejection of food options. Some specific 
strategies could be employed to increase the ath-
lete’s knowledge and acceptance of food:

•	 Soups should be served by the hotel/restaurant 
staff upon approval of each athlete. This pro-
cedure is much more effective in the increase 
of soup intake than only putting the soup pot 
in the buffet line

•	 All the foods in the buffet should be labeled 
with nutritional and allergens information

•	 The buffet layout should be managed accord-
ingly with the nutritional priorities for the 
meal, since players tend to fill the plate with 
the first options of the buffet. In a precompeti-
tive meal, the first options could be rich in car-
bohydrates (rice, pasta, potatoes, mixed carb 
salads), but in regular meals the buffet could 
start with vegetables and protein dishes, leav-
ing the carbohydrate options for last

•	 Vegetable options should comprise both raw 
(salad) and cooked (steamed or sautéed vege-
tables), with different colors and textures to 
increase players’ acceptability

•	 The main dish should comprise a different fish 
and meat option and an alternative, like spa-
ghetti Bolognese or spaghetti with tuna, since 
these are regularly well accepted

•	 The dessert should include an easy to eat fruit 
option (sliced fruit, fruit salad) to increase play-
ers’ acceptance and sometimes a low fat sweet 
alternative (baked apple, fruit crepe, etc.)

Beyond these “rules,” it is also very important 
to hear player and staff feedback and to involve 
themselves in the process, asking them about 
their preferences and the new dishes they would 
like to see on the menus.

Regarding hydration issues, the use of urine 
color charts in bathrooms and locker rooms is an 
effective way to promote correct drinking habits, 
encouraging athletes to have a clear to light yel-
low (lemonade) urine. Urine specific gravity is 
also a good and quick method to assess hydration 

status, with values above 1.020  g/ml indicating 
dehydration. The evaluation of body mass 
changes during training and match play in differ-
ent environmental conditions to determine indi-
vidual sweating rates allows the identification of 
the players with poor drinking habits and conse-
quently in a higher risk of dehydration. This 
method has also the advantage of individualize 
the hydration strategy for each player. It is also 
important to identify the “salty sweaters” of the 
team, through simple indicators like sweat that 
stings in the eyes or burns in an open cut, sweat 
that tastes salty, and gritty-feeling skin. In these 
players, some electrolyte powder or capsules 
could be incorporated in their personal sports 
beverage.

�Conclusion

Nutrition is a strategic and crucial area in team 
sports and should be integrated in a multidis-
ciplinary support team at a club. It is very 
important to reinforce that only with a full 
harmony in nutrition policy between coaches, 
physiologists, doctors, physiotherapists, and 
nutritionists, the message could be effectively 
transmitted to players. Food and sports nutri-
tion is a very complex topic with a lot of (mis)
information sources, and athletes are every 
day more interested in nutrition issues, so it is 
vital to have a nutritionist in the team not only 
to intervene directly with players in order to 
improve their body composition but also to 
define the nutrition policy of the team and the 
supplementation schemes and to elaborate the 
menus for precompetitive meals.
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53.1	 �Introduction

The search for dietary supplements, many times 
based upon superstition and ritualistic behavior, 
is as ancient as sport itself. Scientific understand-
ing of the chemical and physiological nature of 
muscular work was followed by ergogenic aid 
use by athletes and rationalized as “scientific” 
justification. Popularity and use of ergogenic aids 
often have preceded scientific substantiation of 
claims. Whether or not these aids work, athletes 
will try almost anything in their search for the 
competitive edge, even products with demon-
strated health risks [1, 2]. A 1997 poll in Sports 
Illustrated asked current and aspiring US 
Olympic athletes two questions. The first was 
whether they would take a banned performance-
enhancing drug if they were guaranteed to both 
win their athletic event and not get suspended for 
drug use. The second question was whether they 
would take the same substance if it would 
enhance their ability to win every competition for 
the next 5  years but then result in death. 
Remarkably, 98% responded “yes” to the first 
question, and more than 50% responded “yes” to 
the second question [3]. The global market of 
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supplements is a powerful one. In 2001, it was 
estimated at US$46 billion as reported in the 
Financial Times newspaper [4]; in 2006, the 
worldwide market was estimated at more than 
US$ 60 billion [5]; it is expected to continue to 
grow in the next years [6].

Dietary supplements are used by a large pro-
portion of the general population, and the avail-
able evidence suggests that the prevalence is even 
higher among athletes, ranging from amateur 
level to elite athletes [4, 7]. The overall preva-
lence of the use and type of supplements used 
varies with the type of the sport, age, gender, and 
the level of competition [7, 8]. In Portugal, a 
study assessed the prevalence of nutritional sup-
plements usage in national teams’ athletes and 
found that most athletes (66%) consumed nutri-
tional supplements, with a median consumption 
of four supplements per athlete [8]. In football, 
supplement use appears still to be increasing [9]. 
In 2006 World Cup, it was prescribed a mean of 
1.33 supplements/player/match; 33.4% of the 
players that disputed the World Cups between 
2002 and 2014 used supplements during the tour-
nament [10]. A study that assessed drug use in 
English professional football stated that almost 
58% reported using vitamin pills, 23% used min-
eral pills, 24% used protein powders, and 37% 
used creatine [11]. Footballers use rather fewer 
supplements than have been reported for some 
other athletes [12], particularly those in track and 
field (~85%) [13–15].

The most popular supplements in Portugal 
include multivitamins/minerals (67%), sports 
drinks (62%), and magnesium (53%) [8]. Cited 
reasons for supplement use are diverse, such as to 
aid recovery from training, for health, to improve 
performance, to prevent or treat an illness, to 
compensate for a poor diet, recommended by 
coach or other influential individual [7], and to 
have more energy/reduce fatigue [8].

Regarding football, 28% of players reported 
taking advice on supplement use from the club 
physiotherapist, 21% from a fitness trainer, and a 
further 21% from another sports scientist, such as 
a nutritionist. The club doctor was the least used 
source of advice, being used by just 15% of 
players [11]. This is in contrast with evidence 

published in Portugal with elite athletes (other 
than footballers), in which physicians were the 
main source of information, suggesting that 
Portuguese athletes perceive supplements as an 
issue that deserves medical attention [8]. In that 
work, almost one in five players (18%) reported 
that they used supplements without taking advice 
from any of the above. Some players purchase 
their supplies of supplements from local gyms, 
and, along with the purchase, they sometimes 
receive advice on its use. It is a matter of concern 
the quality of advice which players receive from 
this and other nonprofessional sources and the 
fact that some players may be given advice which 
encourages them to use supplements in exces-
sively high and potentially dangerous doses [11]. 
Often, these supplements are used more fre-
quently and in higher doses than recommended 
on the label. The reason for this behavior is the 
popular belief that the more supplements are 
taken, the better a performance will be [4].

Many athletes that take multiple supplements 
have nutritional habits that can be described as 
“unsatisfactory,” implying that these athletes 
might benefit more from attention to the foods 
they ate [16]. On the other hand, a recent study 
stated that high-performance athletes that used 
nutritional supplements reported a generally 
higher nutritional intake from food and a lower 
prevalence of micronutrient inadequacy for some 
micronutrients [17]. The authors suggested that, 
perhaps, the athletes who are using or want to use 
nutritional supplements might be the ones who are 
already more concerned about nutrition-related 
aspects and with the least need to supplement their 
diet with macro- and/or micronutrients.

The decision to use a supplement should be 
made after careful consideration of several issues. 
First, it should be assessed if the supplement is 
safe, legal, and effective. For example, despite 
common perception that herbal (or natural) rem-
edies are free of adverse effects, some supple-
ments have been associated with severe 
hepatotoxicity as well an increased risk of psy-
chiatric, autonomic, or gastrointestinal adverse 
events and heart palpitations [18–20]. Then, it is 
important to weigh the pros and the cons of using 
the supplement. The cons include expense, side 

S. Amorim et al.



609

effects, contamination causing inadvertent 
doping outcome, and redirection of resources 
from real performance-enhancing factors. The 
pros include assistance to meet nutritional goals 
(indirect performance enhancement), direct per-
formance enhancement, and placebo effect (psy-
chological boost) [21].

The placebo effect is a favorable outcome, 
arising exclusively from the belief that one 
received a beneficial treatment [22]. In the sport 
setting, athlete expectations of the likely effects 
on performance resulting from ingestion of sub-
stances may result in an increase or decrease of 
the actual performance, by mechanisms unrelated 
to the physiology of the substance itself [23]. 
Possible explanations for this event include 
increased motivation, higher tolerance to pain and 
fatigue resistance, and perhaps greater vigilance 
around the workout and recovery [23]. In some 
studies, the magnitude of the performance benefit 
when consuming placebo was similar to actually 
receiving the supplement [24]. On the other hand, 
it is also known that a negative belief about a par-
ticular treatment can have a negative impact on 
performance [25]. The negative belief about the 
intake of a substance with proven ergogenic value 
may result in a decrease of the beneficial effects 
of the substance’s intake [26]. Given all these 
assumptions, it is important that, instead of sim-
ply putting the intended supplement available to 
the players, the sports nutritionist should briefly 
explain the supplement ergogenic action, dose, 
and timing; provide testimonials of other success-
ful athletes; and take doubts. In this way, he would 
try to remove negative beliefs and foster positive 
beliefs (based on scientific facts, declining ethical 
problems). Moreover, knowing that a supplement 
will have little effect in a percentage of players 
(not susceptible individuals), they may still bene-
fit from the placebo effect [23].

Regarding the cons of supplementation, the 
biggest concern for athletes who are liable to test-
ing for the use of drugs that are prohibited in 
sport is the possibility that a supplement may 
contain something that will result in a positive 
doping test [27]. A failed drug test may mean 
temporary suspension from competition as well 
as damage to the athlete’s reputation and perhaps 

permanent loss of employment and income [28]. 
Unlike drugs, the regulations governing the 
purity of dietary supplements and of the claims 
that can be made as to their purity and efficacy 
are somewhat lax. Dietary supplements are not 
evaluated by regulatory agencies and inaccurate 
labelling of ingredients is known to be a problem. 
Most dietary supplements will not cause prob-
lems for the athlete, and most of the companies 
that manufacture and supply these supplements 
are anxious to ensure the welfare of their custom-
ers. Nonetheless, there is compelling evidence 
that dietary supplements may be responsible for 
at least some of the positive doping results 
recorded by athletes [5, 29, 30]. At the request of 
the Medical Commission of the International 
Olympic Committee, the Cologne laboratory 
conducted a large survey [31]. Between October 
2000 and November 2001, a total of 634 non-
hormonal nutritional supplements were obtained 
in 13 countries from 215 different suppliers. Of 
the samples analyzed, 94 (14.8%) were found to 
contain hormones or prohormones that were not 
declared on the label. The products included 
amino acids and protein powders, creatine, carni-
tine, ribose, guarana, zinc, pyruvate, hydroxy-
methylbutyrate, Tribulus terrestris, vitamins and 
minerals, and herbal extracts [31]. The IOC-
accredited laboratory in Vienna has analyzed a 
smaller number (n = 54) of supplements, all of 
which were purchased in Austria, and found that 
12 of these (22%) contained prohibited steroids 
[29, 32]. In the field of practice, it is important to 
educate athletes in order to be cautioned against 
indiscriminate use of supplements. Supplements 
can play a role in an athlete’s diet, but confirma-
tion of their added benefit should be sought with 
an appropriate expert before using them. It is also 
essential to identify those supplements that have 
the slimmest chance of being contaminated with 
doping substances. Companies that sell products 
containing doping substances should definitely 
be avoided, and it is prudent to disregard compa-
nies with unrealistic claims in their advertise-
ments. Contaminations can occur in many ways, 
which leads to possible package-to-package or 
even tablet-to-tablet variation. Therefore, the best 
available option for athletes is to only use 
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supplements that have been analyzed in a 
knowledgeable laboratory on a batch-by-batch 
basis [33].

In addition to the contamination problem, 
indiscriminate supplementation may pose other 
problems. Nutrients ingested in excessive amounts 
can interact with the absorption of other nutrients, 
with a negative impact on its nutritional status 
[34]. On the other hand, supplementation with 
excessive amounts of a nutrient increases the risk 
of toxicity. Mettler et al. [35] found iron depletion 
and overload in 1.6% and 15% of the male recre-
ational marathon runners, respectively, meaning 
that the actual risk of iron overload was higher 
than deficiency. Furthermore, supplementation 
may in some cases prevent health-promoting 
effects of physical exercise [36], delay muscle 
recovery [37, 38], and hamper training-induced 
adaptations [39].

53.2	 �Caffeine

Caffeine (1,3,7-trimethylxanthine) is a substance 
devoid of nutritional value, being a socially 
accepted drug, and probably the most widely 
consumed pharmacologically active substance in 
the world. Although it can be found in beverages 
such as coffee, tea, and soft drinks; cocoa- or 
chocolate-containing products; energy drinks; 
and drugs (analgesics, appetite suppressants, 
preparations for influenza), 75% of its consump-
tion is carried out as coffee constituent [40, 41]. 
Major dietary sources of caffeine are presented in 
Table 53.1.

Caffeine, as well as their metabolites (espe-
cially theophylline and paraxanthine), is structur-
ally very similar to adenosine and can bind to 
their receptors on the cell membrane, thereby 
blocking its action [42]. Adenosine receptors are 
ubiquitous in the human body, which promotes 
the action of caffeine in various tissues simulta-
neously, resulting in a variety of physiological 
responses that interact with each other [43].

In light of current knowledge, it is not possible 
to explain precisely the dominant mechanism by 
which caffeine exerts its ergogenic action. 
Nevertheless, it is known that caffeine exerts 
broad physiological effects at central and periph-
eral level, in particular on the sympathetic ner-
vous system, muscle, endocrine, cardiovascular, 
pulmonary, and renal levels [44, 45]. The effects 
of caffeine on the central nervous system possi-
bly include changes on the level of sympathetic 
activity, perception of fatigue and pain, and 
recruitment of motor units [43]. Caffeine is 
known for its effects in enhancing capabilities 
related to alertness and ability to concentrate, 
including, but not limited to, sleep deprivation, 
possibly by stimulating the sympathetic nervous 
system and/or antagonism of adenosine. In this 
sense, there is evidence of positive effects of caf-
feine action in tasks such as surveillance, visual 
information processing, reaction time, motor 
learning, humor, and possibly short-term mem-
ory [46]. A meta-analysis has shown that caffeine 
reduces at 5.6% the degree of perceived exertion, 
compared to placebo, demonstrating clearly that 
this aspect may partially explain the ergogenic 
effects of caffeine in sports performance [47]. 
Although not consensual [48–51], especially in 
high- or maximum-intensity activities, some 
authors admit that caffeine can maintain or 
increase the level of firing of motor units, result-
ing in greater force produced by the muscle, 
explaining the positive effects on anaerobic per-
formance [52]. Caffeine also exerts action at 
peripheral level. Caffeine can increase circulat-
ing levels of catecholamines, wherein at least this 
increase is not the most important parameter for 
ergogenic action of caffeine [43, 52]. Another 
mechanism proposed for the ergogenic action of 
caffeine is to promote the oxidation of fat and 

Table 53.1  Caffeine contents in foods, commonly used 
drinks, and non-prescription preparations

Food or drink Serving Caffeine (mg)

Expresso coffee 1 standard 
serving

107 (25–214)

Iced tea 600 mL 20–40
Chocolate milk 60 g 5–15
Dark chocolate 60 g 10–50
Coca-Cola 330 mL 43
Red Bull energy drink 250 mL 80
PowerBar sports gel 40 g 25

Adapted from Burke [78, 224]
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inhibiting oxidation of carbohydrates. It has been 
suggested that this process results in reduced 
dependence on muscle glycogen reserves [53]. 
However, although accepting the possibility that 
caffeine leads to the mobilization of nonesterified 
fatty acids from adipose tissue, there is no evi-
dence that consequently there is an increase in fat 
oxidation in the muscle or an increase in muscle 
glycogen savings [54].

The ergogenic effect of caffeine in team sports 
(high intensity, intermittent) has been shown in 
most [55, 56] but not all studies [57]. Considering 
football [58], although not entirely consensual 
[59], it was found that caffeine intake led to 
improved performance through the enhancement 
of various parameters:

•	 Improvement of cognitive functioning: 
increased capacity of interpretation and 
response to visual and auditory stimuli (e.g., 
react more quickly and accurately to the 
request of a colleague-like “pass”) [56]

•	 Reduced decline in technical capabilities dur-
ing a game: increased passing accuracy; 
improved fine motor qualities such as ball 
control; improved ability to dribble [56, 60]

•	 Increased jumping ability, as a result of 
increased leg power [56, 61, 62]

•	 Increased countermovement jump height, 
average peak running speed, total running dis-
tance, number of sprint bouts, and running 
distance covered at a high speed [63]

•	 Improvement of reactive agility [64, 65]
•	 Higher mean sprint speed [66]
•	 Reduced decline in sprinting performance 

throughout the game [62]
•	 Increased number of sprints and total distance 

covered at high intensity [61]
•	 Increased peak power in sprint [67]
•	 Reduced decline in the ability to perform 

mental tasks toward the end of the game: caf-
feine attenuated the reduced feelings of energy 
and increased feelings of fatigue; resulted in 
more rapid responding, improved target iden-
tification, and reductions in false alarms [68]

•	 Altered perception of fatigue and effort that 
enables players to better maintain voluntary 
sprinting and jumping ability [62]

•	 Lower decline in enjoyment of physical activity 
toward the end of the game [62], enhanced rat-
ings of pleasure and arousal, increased vigor, 
reduced fatigue, reduced rating of perceived 
exertion, and improved reaction time [69]

Most studies testing caffeine as ergogenic use 
the administration of dosages on the order of 
6-mg/kg body weight [50, 55–57]. However, there 
is evidence demonstrating the beneficial effects of 
the ingestion of lower amounts of caffeine (1–3-
mg/kg body weight) [46, 70, 71]. There is no 
dose-response relationship between caffeine 
intake and the benefits in endurance exercise per-
formance, or if this relationship exists, there is a 
stabilization to 3-mg/kg body weight [72, 73]. On 
the other hand, it is known that cytochrome P450, 
responsible for metabolization of caffeine by the 
liver, becomes saturated with caffeine intake 
greater than 5-mg/kg body weight. Accordingly, 
higher doses entail the risk of producing dispro-
portionate increases in plasma concentration of 
caffeine. In football, the optimal dose intake may 
vary according to the position on the field. The 
dosage required to exert an optimal effect on the 
visual processing is substantially lower than that 
required to exert an optimal effect on endurance 
capacity. Furthermore, although not consensual 
[56], it is thought that possibly a too high dose of 
caffeine can adversely affect processing of visual 
information [74]. So, considering that a goal-
keeper does not need a great endurance capacity 
[75] and that abilities such as reaction time, alert-
ness, and processing of visual information are 
crucial to his success, he should ingest a dose of 
1–2-mg/kg body weight. On the other hand, a 
field player should ingest between 3- and 5-mg/kg 
body weight [74]. Doses in the range of 6–9-mg/
kg of body weight can have side effects such as 
increased anxiety, sleep disturbances at night after 
an evening match [76, 77], and exaggerated 
increase in heart rate [78].

Caffeine is rapidly absorbed (about 20 min, in 
the stomach) and reaches peak concentration in 
blood plasma in 1 h [43]. Given that caffeine is 
catabolized slowly (half-life is from 4 to 6 h) and 
concentration in circulation is maintained near 
the maximum in 3–4 h following administration 
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[43], caffeine intake 1 h before the game (before 
warming up) enables an ergogenic effect during 
the entire game, even if there is extra time [74]. 
During the game, caffeine mouth rinse (alone or 
in combination with carbohydrates) may rapidly 
enhance power production, which could have 
benefits for specific short sprint exercise perfor-
mance [67], but not maximum strength or muscu-
lar endurance performance [79].

53.3	 �Carnitine

Fat and carbohydrate are the primary fuel sources 
for skeletal muscle during a football game [80, 
81]. Fat constitutes the largest energy reserve in 
the body, and, in terms of the amount available, it 
is not limiting to endurance exercise performance 
[82]. However, fat exhibits a relatively low maxi-
mal rate of oxidation, which begins to decline at 
around 65% of maximal oxygen consumption 
(VO2max) when muscle glycogen becomes the 
major fuel supporting ATP homeostasis [83]. The 
muscle glycogen stores are limited, and it has 
been well established that muscle glycogen 
depletion, or partial depletion, in a significant 
number of fibers coincides with fatigue in the 
final phase of a football game [84–86]. As fatigue 
can be postponed by increasing pre-exercise 
muscle glycogen content [87], it is thought that 
augmenting the rate of fat oxidation during 
endurance exercise could delay glycogen deple-
tion and improve endurance exercise 
performance.

Carnitine (L-3-hydroxytrimethylamminobuta
noate) is a naturally occurring compound that can 
be synthesized from the essential amino acids 
lysine and methionine or ingested through diet. 
The rate of carnitine biosynthesis in humans has 
been estimated to be about 1–2-μmol/kg body wt/
day [88]. Nonvegetarian humans obtain an addi-
tional ~1 mg/kg of carnitine per day from dietary 
sources [89]. Primary sources of carnitine are red 
meat and dairy products (e.g., steak, 
95.7  mg/100  g) [90]. The recommended upper 
limit of L-carnitine supplementation is 2  g/day 
[91], but no adverse effects were reported follow-
ing feeding up to 6 g/day for 1 year [92]. Skeletal 

muscle contains more than 95% of the total body 
carnitine (~20 g of carnitine in a 70-kg man, of 
which more than 19 g is in skeletal muscle), as 
either free or acylcarnitine [93].

Carnitine plays two essential roles in muscle 
energy metabolism. In the absence of carnitine, 
the inner mitochondrial membrane would be 
impermeable to long-chain fatty acids and fatty 
acyl-CoA esters [94]. Carnitine and carnitine pal-
mitoyltransferase (CPT) are essential for the 
translocation of long-chain fatty acids into skel-
etal muscle mitochondria for β-oxidation. A sec-
ond broad function of carnitine involves the 
formation of acylcarnitines from short-chain 
acyl-CoA.  The generation of the acylcarnitine 
serves to buffer the small, dynamic coenzyme A 
pool against metabolic transients and protects 
against acyl-CoA accumulation, which may be 
deleterious to cellular function [95]. The ratio-
nale behind carnitine supplementation is that 
increasing muscle carnitine content could poten-
tially increase fat oxidation during prolonged 
exercise, spare glycogen stores, and, thus, delay 
the onset of fatigue [96].

The majority of the pertinent studies in healthy 
humans to date have failed to increase skeletal 
muscle carnitine content via oral or intravenous 
L-carnitine administration. The bioavailability of 
orally administered carnitine is ∼16–18% at 
doses of 1–2 g and may be even lower at higher 
doses [93]. Carnitine is transported into skeletal 
muscle against a considerable concentration gra-
dient (>100-fold) which is saturated under nor-
mal conditions, and so it is unlikely that simply 
increasing plasma carnitine availability per se 
will increase muscle carnitine transport and stor-
age [97]. A 1 g oral dose of carnitine will incre-
ment the total body carnitine pool by ∼0.08 g or 
0.4% [93]. However, insulin appears to stimulate 
skeletal muscle carnitine transport, and 
intravenously infusing L-carnitine in the pres-
ence of high circulating insulin (>50 mU/l) can 
increase muscle carnitine content by 15% [96].

A recent study [98] showed an increase in 
total muscle carnitine content following 2  g of 
carnitine plus 80  g of carbohydrate ingestion 
twice daily for 6  months. There was an 80% 
increase in free carnitine availability during 
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30 min of exercise at 50% VO2max compared to 
control and a 55% reduction in muscle glycogen 
utilization. The study also demonstrated an 
improvement in exercise performance in all par-
ticipants (11%, on average) during a 30-min 
cycle ergometer time trial in the carnitine-loaded 
state. Whether these improvements in endurance 
performance are due to glycogen sparing as a 
result of a carnitine-mediated increase in fat oxi-
dation or the reported effect of carnitine on glu-
cose disposal requires further investigation, but 
due to the nature of the time trial, this seems 
unlikely.

In which concerns to body composition, a 
recent study showed that a 20% increase in mus-
cle carnitine content prevented the 1.8-kg 
increase in body fat mass associated with daily 
ingestion of a high-carbohydrate beverage [99]. 
Moreover, this maintenance of body mass was 
associated with a greater whole-body energy 
expenditure during low-intensity physical activ-
ity accounted for by an increase in fat oxidation. 
In line with the role of carnitine in the transloca-
tion of long-chain acyl groups via CPT1, these 
findings are most likely due to an increase in the 
rate of fat oxidation compared with control at rest 
and during low-intensity exercise [99]. Overall, 
however, the practical implications of this are 
currently unclear, and there is not enough evi-
dence to recommend carnitine for weight loss or 
to increase fat oxidation [100].

Published data regarding L-carnitine supple-
mentation on footballers is still scarce. Orer et al. 
[101] examined the effect of acute L-carnitine 
loading (3 or 4 g) on the endurance performance 
of footballers. The authors verified that 
L-carnitine supplementation taken before physi-
cal exercise prolonged time to exhaustion. 
Naclerio et  al. [102] investigated the effects of 
ingesting a multi-ingredient supplement com-
posed of carbohydrate, whey protein, glutamine, 
and L-carnitine on intermittent performance, per-
ception of fatigue, immunity, and functional and 
metabolic markers of recovery in footballers. 
Although the perception of fatigue and serum 
myoglobin was attenuated for the multi-
ingredient group, the supplement did not improve 
intermittent performance, inflammatory, or 

immune function. Finally, Guzel et  al. [103] 
assessed the effect of acute L-carnitine supple-
mentation on nitric oxide production and oxida-
tive stress after exhaustive exercise in young 
football players. The authors found that 
L-carnitine supplementation (3-g dose) provides 
strong antioxidant action by increasing the anti-
oxidant glutathione and nitrate-nitrite level and 
decreasing the thiobarbituric acid reactive sub-
stances (TBARs) level.

Research into carnitine has shown that it is a 
safe supplement for human consumption. Side 
effects have been minimal across almost all studies 
using the 1–3-g range of supplementation [90, 91].

53.4	 �Creatine

Creatine is produced from three amino acids 
(glycine, arginine, and methionine) endoge-
nously by the liver (1–2 g), or it can be obtained 
from exogenous sources. By adequate intake, 
some creatine is also added to the pool, predomi-
nantly from meat and fish, with a typical diet sup-
plying approximately 1–2  g of creatine daily 
[104]. Almost all the creatine in the body is stored 
in skeletal muscle (95%), around 60% in the 
phosphorylated form (phosphocreatine). It repre-
sents an average creatine pool of about 120–140 g 
for an average 70-kg person [105].

Phosphocreatine serves as a readily available 
source of phosphorus in skeletal muscle and other 
tissues. The fast rephosphorylation of ADP from 
phosphocreatine, via the creatine kinase reaction, 
buffers changes in ATP during transitions between 
rest and exercise and contributes a substantial 
fraction of ATP synthesis during short-duration, 
high-intensity exercise. Net phosphocreatine 
hydrolysis consumes hydrogen ions so it may 
also contribute to buffering of intracellular acido-
sis during exercise [106]. Creatine supplementa-
tion does not increase skeletal muscle protein 
synthesis as was thought earlier [107].

The relative importance of phosphocreatine 
during exercise depends on the nature of the exer-
cise [106]. There is a consensus that exercise per-
formance that involves short periods of extremely 
powerful activity (1–2  s) can be enhanced by 
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creatine supplementation, especially if the activ-
ity is performed in repetitive bouts separated by 
short rest periods (30  s–1  min) [105]. On the 
other hand, creatine supplementation does not 
appear to enhance aerobic-oriented activities 
[106]. Highly trained athletes who participate in 
sports in which performance relies on repeated 
efforts could benefit from creatine ingestion by 
means of an increased ability to perform inter-
mittent high-intensity exercise bouts [108]. This 
would be the case in football because high-inten-
sity running is a crucial element of performance. 
Across seven seasons (2006–2007 until 2012–
2013) in the English Premier League, high-inten-
sity running distance and actions increased 
around 30%, and sprint distance and number of 
sprints increased around 35% [109]. In this con-
text, creatine supplementation is also of particu-
lar interest for football players given that 
phosphocreatine stores exhibit significant 
declines during football match play [80].

There is compelling evidence of benefits of 
creatine supplementation in football. Acute cre-
atine supplementation favorably affected repeated 
sprint performance and limited the decline in 
jumping ability [108]. On the other hand, a study 
with 16 male amateur football players suggests 
that short-term creatine supplementation does not 
enhances repeated high-intensity or prolonged 
football-specific exercise performance and body 
mass [110]. Creatine supplementation may also 
be useful during a preseason training preventing 
the decrement in lower-limb muscle power [111]. 
Additionally, creatine supplementation may also 
be beneficial in football players proceeding reha-
bilitation, with a faster recovery from muscle 
atrophy [112].

Most studies have employed a “loading” dose 
of 20  g creatine per day for 4–6  days. A more 
recent approach suggests that a lower dose of 3 g 
creatine per day will increase muscle total cre-
atine to the same values; however it takes about 
30 days [106]. To maximize creatine storage to a 
given dose, it is also recommended that creatine 
be consumed post-exercise and in conjunction 
with carbohydrate and/or protein feeding given 
that elevated insulin is known to increase muscle 
creatine uptake [113].

Few reports from athletes have claimed that 
creatine supplementation may induce muscle 
cramps. However, it appears that muscle cramping 
might be due to the intensity of exercise rather 
than creatine supplementation itself [104]. Despite 
published allegations of detrimental effects of oral 
creatine supplementation on liver metabolism, 
studies on humans have not shown any significant 
increase in plasma urea, nor liver enzyme activity, 
during 5  years of creatine supplementation. No 
reports have observed a modification of the glo-
merular filtration rate or the presence of microal-
buminuria [104]. Creatine supplementation should 
not be used by athletes with pre-existing renal dis-
ease or those with a potential risk of renal dysfunc-
tion (diabetes, hypertension, or reduced glomerular 
filtration rate) [104].

Acute creatine supplementation can also 
induce a 1–1.5-kg gain in body mass, an effect 
that is greater in men compared with women 
[114]. Such increases in body mass are confined 
to fat-free mass and are likely due to an increase 
in intracellular water accumulation. For this rea-
son, not all football players should be supple-
mented with creatine given the perception that 
they feel heavier and slower. It is conceivable that 
this increase in body mass in a weight-supported 
sport like football could decrease performance by 
increasing the energy cost of running.

53.5	 �Omega-3

N-3 fatty acids, a class of polyunsaturated fatty 
acids (PUFAs) found in various cold-water fish 
(salmon, mackerel, sardines, and herring), have 
been implicated in a number of metabolic effects 
with potential benefit in the sport setting [115]. 
N-3 fatty acids may be useful in the process of 
dampening inflammatory responses [116, 117], 
although its importance in ameliorating post-
exercise inflammation is not consensual [118, 
119]. The potential implications of reducing 
post-exercise inflammation would be reduced 
pain and quicker recovery time from intense 
exercise. Some data show beneficial effects on 
delayed onset of muscle soreness after only 
7  days of supplementation. This suggests that 
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chronic supplementation is not necessary for pro-
tection against muscle soreness and that supple-
mentation could be initiated in the ~7 days prior 
to activity that might cause soreness, such as the 
preseason or intensified period of strength train-
ing [120]. It has also been suggested that n-3 
PUFAs may facilitate the transport of red blood 
cells through the capillary bed, which could lead 
to enhanced oxygen delivery to skeletal muscle. 
There is, however, some concern that incorporat-
ing omega-3 PUFAs into cell membranes may 
increase the potential for lipid peroxidation, 
which is much more evident in athletes who 
undergo high oxidative stress [121]. Nevertheless, 
Capó et al. [122] stated that diet supplementation 
with a functional food rich in docosahexaenoic 
acid (DHA) reduced the oxidative damage in 
response to acute exercise in footballers. 
Recently, omega-3 fatty acid supplementation 
have been associated with beneficial effects on 
cardiovascular adaptation to exercise, namely, an 
improvement of endothelial function, possibly as 
a consequence of an increase in endogenous pro-
duction of nitric oxide (NO) [123]. Omega-3 
acids may confer a positive effect on exercise, by 
improving fatty acid delivery to exercising mus-
cles via an increased blood flow. Blood flow 
improvements are believed to be due to an n-3 
mediated suppression of n-6 eicosanoid produc-
tion. A high n-6/n-3 ratio can lead to elevated lev-
els of pro-inflammatory prostaglandins and 
thromboxanes. Given that these eicosanoids are 
pro-aggregatory vasoconstrictors, excessive 
amounts can lead to reductions in vascular blood 
flow. Supplementing with n-3 can potentially 
help to inhibit inflammatory eicosanoid produc-
tion, as well as interacting with cyclooxygenase 
in a manner that reduces platelet aggregation, 
increases dilation of blood vessels, and improves 
circulatory response [124, 125]. One potential 
mechanism whereby n-3 supplementation may 
enhance benefits is via increased lipolysis and 
β-oxidation. Specifically, n-3 fatty acids are 
claimed to act as metabolic fuel partitioners, 
upregulating lipid oxidative enzymes and down-
regulating lipogenic gene expression [124]. 
There is evidence that n-3 PUFA supplementa-
tion results in increased protein synthesis second-

ary to n-3-mediated increases in cell membrane 
fluidity. In addition, n-3 PUFAs may enhance 
mTOR/p70s6k signaling, a pathway thought be 
involved in decreasing proteolysis by downregu-
lating the ubiquitin-proteasome pathway [126].

Omega 3 supplementation has a markedly 
protective effect in suppressing exercise-induced 
bronchoconstriction, and this is most likely 
attributed to its anti-inflammatory properties 
[127]. It may also have an important role in 
recovery from injury, due to its anti-inflammatory 
role and its effect on muscle protein turnover. 
Potentially, n-3 may be helpful during immobili-
zation to ameliorate muscle loss and boost recov-
ery [128–131]. A key point is the question of 
timing of fish oil supplementation; depending on 
the timing of the n-3 nonesterified fatty acids 
(NEFA) consumption (i.e., during disuse or 
recovery), these compounds could either improve 
or worsen the muscle atrophy. Different timings 
targeting different biochemical events (i.e., to 
decrease oxidative stress/inflammation during 
immobilization and to increase anabolism during 
the recovery process) should be also tested [132]. 
N-3 supplementation, particularly DHA, can also 
be useful in the recovery process from the neuro-
metabolic insults and structural damage to axons 
that occur in episodes of mild traumatic brain 
injury (concussion) [133, 134]. It has also been 
demonstrated that omega-3 PUFA can affect not 
only cognitive function but also mood and emo-
tional states (e.g., depression) and may act as a 
mood stabilizer [135]. Guzman et  al. [136] 
showed that supplementing female elite football 
players with DHA-rich fish oil for 4 weeks pro-
duced perceptual-motor benefits (i.e., improve-
ments in complex reaction time and efficiency), 
which supports the view that DHA may improve 
performance in sports where perceptual-motor 
activity and decision-making are the keys to suc-
cess. Although, at present, the limited human 
data do not support the hypothesis that omega-3 
PUFA supplementation is effective in enhancing 
physical exercise performance, there is accumu-
lating data that show improved athlete’s health.

It has been suggested that for most athletes, 
ingesting approximately 1–2  g/day of EPA and 
DHA at a ratio of eicosapentaenoic acid (EPA) to 
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DHA of 2:1 would be beneficial in this context. 
However, it should be noted that an omega-3 
PUFA (EPA+DHA) dose of ≤3.0  mg/day has 
been designated as safe for general consumption 
by the United States of America Food and Drug 
Administration (2004) [121]. Within the context 
of concussions, some current available evidence 
recommend intake of approximately 400 mg/day 
DHA [133], while other authors suggest a higher 
intake (10 mg/kg/day) started right after the con-
cussion [134].

The reported health risks of fish oil supple-
mentation include the (low) risk of contamina-
tion with toxins, such as heavy metals, dioxins, 
and  polychlorinated biphenyl (PCBs); there is 
also the risk of increased bleeding or immuno-
suppression in case of excessive intake [121].

53.6	 �Buffers

Despite the fact that sprinting in a football game 
represents less than 10% of total distance cov-
ered, this performance is considered as one of the 
most critical [137]. The need of performing a 
sprint during a game varies, and players must be 
ready to perform, recover, and perform it again at 
the highest possible level [75].

Brief highly intense muscular effort (short 
sprints) depends highly on anaerobic glycolysis 
and leads to large accumulation of lactic acid, 
which can cause muscle acidification. Because of 
the body buffering capacity, composed by phos-
phates, bicarbonate, and carnosine, the H+ con-
centration remains low even during the most 
severe exercise, allowing muscle pH to decrease 
from a resting value of 7.1 to no lower than 6.6–
6.4 to exhaustion. Low muscle pH is believed to 
be the major limiter of performance and the pri-
mary cause of fatigue during maximal, all-out 
exercise lasting more than 20–30s [138]. 
Evidence shows that fatigue occurs after short-
term intense periods in both halves [85].

It may be possible that in circumstances in 
which there is a great demand on repeated sprint 
ability, a player performance is limited by muscle 
acidosis. It appears that repeated sprint ability is 
related to both intracellular and extracellular buf-

fer capacity. Increased intracellular buffer capacity 
should help to resist changes in muscle pH, while 
increases in extracellular buffer capacity may 
increase H+ efflux out of the muscle cell or other-
wise improve physical performance [137].

53.7	 �β-Alanine

β-Alanine is an amino acid that can be obtained 
through meat and that can be endogenously syn-
thetized in the liver. By itself, the ergogenic prop-
erties of this amino acid are limited; however, 
β-alanine has been identified as the rate-limiting 
precursor to carnosine synthesis [139]. Carnosine 
(β-alanyl-L-histidine) is a cytoplasmatic intracel-
lular dipeptide found in high concentrations in 
skeletal muscle (10–40-mmol/kg dry weight) 
[139]. It is estimated that the contribution of car-
nosine to the total buffering capacity in muscle 
may be as low as 7% [139], but it is indisputably 
a functional pH buffer [140]. A second mecha-
nism that is involved in muscle fatigue is the 
reduction in Ca2+ release from the sarcoplasmic 
reticulum (SR). A third possible mechanism of 
performance improvement evoked by carnosine 
could be related to its antioxidative potential. 
However, it is clear that further research is rec-
ommended to verify the effects of ingestion of 
β-alanine on oxidative stress [140].

Oral carnosine supplementation is an ineffi-
cient method of augmenting muscle carnosine 
levels in humans, as ingested carnosine is ulti-
mately metabolized before reaching skeletal mus-
cle [139]. The increase of intramuscular 
availability of β-alanine, through a chronic load-
ing dose, is the more effective way to increase 
endogenous synthesis of carnosine. Daily doses of 
β-alanine of 4.8–6.4 g can elevate human muscle 
carnosine content by 20–30% in 2 weeks [139], 
60% in 4 weeks, and 80% in 10 weeks [141, 142]. 
Employing an incremental strategy ranging from 
3.0 to 6.0 g per day may be beneficial [143].

Available literature has been somewhat con-
flicting regarding the effects of β-alanine on high-
intensity performance. When an exercise protocol 
eliciting an extreme acidosis was used, a signifi-
cant improvement in performance was observed 
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[142]. On the other hand, when exercise protocols 
elicit a less extreme muscular acidosis (i.e., a sin-
gle bout of exercise lasting less than 60s), no 
effects of β-alanine have been observed [144]. 
Supplementation improved exercise capacity in 
tasks lasting 60–240  s, but not in tasks lasting 
under 60s in which acidosis is not likely the pri-
mary limiting factor [145]. Regarding short-dura-
tion sprint tasks, carnosine induced no significant 
improvements in power output in repeated 5-s 
bouts [146] and a 400-m race [147]. Taken 
together, research suggests that β-alanine supple-
mentation is capable of improving performance in 
exercises resulting in an extreme intramuscular 
acidotic environment, such as multiple bouts of 
high-intensity short-term exercises, single bouts 
of high-intensity exercises lasting more than 60s, 
and single bouts undertaken when fatigue is 
already present. Exercises with a lower level of 
acidosis are unlikely to benefit from β-alanine 
supplementation [140, 148]. β-Alanine supple-
mentation has a discrete ergogenic effect in exer-
cise lasting longer than 4  min [145]. Evidence 
suggests that there is a small or absent ergogenic 
effect in endurance performance (lasting 25 min 
or more) [139], although anaerobic threshold can 
be shifted after supplementation [148].

A recent study showed that 3  weeks of 
β-alanine supplementation (4.5  g/d) in college 
football players did not result in significant 
improvements in fatigue rates during high-
intensity anaerobic exercise, but they suggested a 
trend for a lower fatigue rate during prolonged 
(60s) high-intensity exercise. However, as supple-
mentation continued during preseason training 
camp, subjective measures of fatigue were signifi-
cantly lower. In addition, training volume tended 
to be higher in subjects supplementing with 
β-alanine compared with subjects consuming a 
placebo [149]. Another study with amateur foot-
ballers stated that 12 weeks of β-alanine supple-
mentation improved Yo-Yo intermitent recovery 
(IR)2 test performance [150]. A study with female 
footballers showed that 30 days of β-alanine sup-
plementation was able to improve average and 
peak power when performing consecutive sprints 
(Wingate test), although lactate did not differ 
from placebo [151]. Saunders et al. [152] found 

no effect of β-alanine supplementation (alone or 
in combination with sodium bicarbonate) on 
repeated sprints during simulated match play per-
formed in hypoxia.

Although the scientific evidence in untrained 
populations is substantial, more studies need to 
be conducted in trained populations and in vari-
ous sport disciplines in order to fully understand 
the value of β-alanine supplementation for per-
formance enhancement in elite sports [140].

Daily doses should be divided in doses of 2 g 
or less in order to minimize side effects. Single 
large boluses of β-alanine have been shown to 
induce paresthesia and have not been effective 
for performance outcomes likely due to strong 
paresthesia, rapid changes in pH, higher excre-
tion rates, and inability to effectively load the 
muscle contents. Combining β-alanine consump-
tion with a meal has been shown to be effective 
for further augmenting muscle carnosine levels 
[139]. Washout time may vary between non-
responders and responders, requiring 6–15 weeks 
to return to normal [139].

β-Alanine supplementation currently appears 
to be safe in healthy populations at recommended 
doses. Paresthesia is the most widely known side 
effect of β-alanine, being commonly experienced 
in individuals consuming more than 800  mg of 
β-alanine in a non-sustained release form. To date, 
there is no evidence to support that this paresthesia 
is harmful in any way [139]. It is possible to reach 
the total daily dose of 6.4 g using 1600-mg doses 
when using controlled-release capsules. The con-
trolled-release capsules eliminate all symptoms of 
paresthesia. Four daily doses of 1600 mg may be 
more practical than eight daily doses of 800 mg 
and may also ensure greater compliance [148].

53.8	 �Sodium Bicarbonate

Sodium bicarbonate (NaHCO3) has been investi-
gated as a potential aid to increase the bicarbon-
ate buffer system in blood and interstitium, 
enhance lactate and H+ translocation from the 
myoplasm, decrease acid-base balance perturba-
tions, prevent fatigue, and improve performance 
during high-intensity anaerobic exercise [153].
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The exogenous intake of NaHCO3 from 1 to 
3  h before exercise results in an important 
increase in the pH and bicarbonate concentra-
tions in blood at the beginning of an exercise ses-
sion, as well as during and after it, whereas 
intramuscular pH and [HCO3

−] remain appar-
ently unchanged [154]. Muscle cell membranes 
are impervious to HCO3

−, and an increase in 
extracellular HCO3

− increases the pH gradient 
between the intracellular and extracellular envi-
ronment. The effect of this increased pH gradient 
is to facilitate the efflux of intracellular lactate 
and H+, thus reducing the fall in intracellular pH 
[155]. Recently, other mechanism has been pro-
posed, stating that intracellular perturbation may 
be minimized by the upregulation of Na+/H+ or 
monocarboxylic transporters or a strong ion dif-
ference [156].

The optimal amount should be 0.3-g/kg body 
weight [157]. Timing sequences with regard to 
ingestion patterns vary greatly between studies. 
Attaining peak buffering potential while mini-
mizing the risk of gastrointestinal distress before 
exercise is essential, especially if athletes are 
considering loading before an event [158]. For an 
intake of 0.3-g/kg body weight of NaHCO3, 
120 min are needed to reach the peak pH and an 
average of 100–120  min to reach maximum 
[HCO3

−] [154]. The substances should be taken 
in or with fluid, preferably water, and in large 
quantities (0.5 L or greater).

The ergogenic effect of bicarbonate has been 
shown in 200-m freestyle swimming [159], 
2 × 100-m freestyle swimming (with 10 min of 
passive rest between bouts) [160], repeated 
sprints (5 × 6s) or multiple effort bouts observed 
in recreational team sport [161], and high-
intensity intermittent exercise performance (Yo-
Yo IR2 test) [162], but not in 200–400-m run 
[163]. It appears that bicarbonate ingestion can 
enhance the performance of all-out, maximal 
anaerobic activities of 1–7-min duration [138].

Subjects should be familiar with possible side 
effects, which include gastrointestinal distress 
and, more rarely, gastric rupture, muscle spasms, 
and cardiac arrhythmias [155]. An alternative 
protocol can be applied, using chronic NaHCO3 
administration [164]. Consumption of 0.5-g/kg 

body weight during 5 days has ergogenic effect in 
anaerobic performance (Wingate test) [153]. 
Chronic ingestion allows subjects to perform 
more work during high-intensity exercise for at 
least 2 days after cessation of chronic NaHCO3 
supplementation. Moreover, athletes might use 
NaHCO3 to improve performance without the 
significant side effects that are usually associated 
with the ingestion of NaHCO3 in the doses 
needed. The body may be able to store the 
[HCO3

−] surplus over a 5-day period and then use 
it to improve performance during the post-
supplementation exercise [153].

53.9	 �Antioxidants

An antioxidant can be defined as “a compound that 
in a relatively low concentration, prevents or delays 
the oxidation of biomolecules” [165]. It is well 
established that physical exercise results in 
increased reactive oxygen species (ROS) produc-
tion in active skeletal muscles. An official football 
match induces an increased level of oxidative stress 
and muscle damage throughout 48 h of the recov-
ery period [166]. Dietary antioxidants, like vitamin 
C, vitamin E, carotenoids, and polyphenols, have 
received attention predominantly as a nutritional 
strategy for preventing or minimizing detrimental 
effects of ROS, which are generated during and 
after strenuous exercise [167]. Then, antioxidant 
supplementation has become a common practice 
among athletes as a mean to reduce oxidative stress, 
promote recovery, and enhance performance [168].

However, there is still a wide discussion 
whether antioxidant supplements are helpful or 
harmful to the athlete [169]. There is no evidence 
that exercise-induced radical production in skeletal 
muscle is detrimental to human health. Besides, 
regular training promotes an increase in the body’s 
own antioxidant defense system against free radi-
cal damage [170]. Until now, requirements of anti-
oxidant micronutrients and antioxidant compounds 
for athletes competing in different sport events, 
involving repeated sprinting, have not been deter-
mined sufficiently [171].

Actually, the evidence suggests that athletes 
should use caution when considering 
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supplementation with high doses of antioxidants.  
A meta-analysis of 68 randomized antioxidant sup-
plement trials (total of 232,606 human participants) 
concluded that dietary supplementation above the 
recommended dietary allowance (RDA) with beta-
carotene, vitamin A, and vitamin E does not 
improve health outcomes and may increase mortal-
ity [172]. Furthermore, in athletes, antioxidant 
supplementation can prevent important exercise-
induced adaptations in skeletal muscle [173]. 
Indeed, compelling evidence indicates that 
exercise-induced ROS production serves as a 
required signal to promote the expression of 
numerous skeletal muscle proteins including anti-
oxidant enzymes, mitochondrial proteins, and heat-
shock proteins [174]. Some studies in athletes 
[37–39, 173, 175, 176] indicate that high levels of 
antioxidant supplementation can blunt the training 
adaptation to exercise, and one study including 
football players [177] refers that the antioxidant 
supplementation group had a lower increase in 
Vo2max compared with the placebo group.

Further research is required to establish firmly 
whether antioxidant supplementation is benefi-
cial or harmful to athletes. However, at present, 
there is limited scientific evidence to recommend 
antioxidant supplements to athletes. In fact, the 
consumption of a diet that is nutritionally well 
balanced can provide a sufficient antioxidant 
intake, during exercise training, to maintain an 
appropriate physiological antioxidant status in 
reference to current recommendations [178].

Some athletes may not consume well-balanced 
diets, and therefore these individuals could be 
deficient in antioxidant intake. Prior to the rec-
ommendation in using antioxidant supplements, 
it should be enhanced the importance to nutrition 
education in athletes. In other situations, moder-
ate and timely limited antioxidant supplementa-
tion may be indicated. In cases of high-altitude 
training periods, it would also be recommended, 
since radical production is intensified and endog-
enous defense weakened in hypoxia [179]. 
Nevertheless, the optimal bioavailability and 
combined action of multiple phytochemical and 
antioxidant compounds derived from fruits, veg-
etables, whole grains, and nuts cannot be replaced 
by supplementation. In any case, we have to 

consider the positive and negative effects of free 
radicals and that the right balance between these 
and antioxidants is necessary for health and opti-
mal training effectiveness. Antioxidant supple-
mentation may reduce ROS levels, but it is 
difficult to assume an improvement in athletic 
performance, only in cases of altitude training 
[180]. Like other nutritional supplements, it is 
not a case of “the more, the better.”

53.10	 �Probiotics

Probiotics are live microorganisms which, when 
administered in adequate amounts, modify the 
bacterial population that inhabits our gut and 
modulate immune function by their interaction 
with the gut-associated lymphoid tissue, leading 
to positive effects on the systemic immune sys-
tem [181]. However, it should be noted that such 
effects are dose and strain dependent [182]. 
Probiotics modify the intestinal microbiota such 
that the numbers of beneficial bacteria increase 
and usually the numbers of species considered 
harmful are decreased. Such changes are associ-
ated with a range of potential benefits to the 
health and functioning of the digestive system, as 
well as modulation of immune function [183]. A 
recent meta-analysis of the effect of probiotics in 
respiratory virus infections in the general popula-
tion showed that 28 out of 33 studies reported 
beneficial effects [184]. Athletes engaging in 
prolonged intense exercise may be more suscep-
tible to upper respiratory tract illness (URTI), 
than individuals participating in moderate exer-
cise or sedentary [185]. In athletes, these symp-
toms are generally trivial, but no matter whether 
the cause is infectious or allergic inflammation, 
they can cause an athlete to interrupt training, 
underperform, or even miss an important compe-
tition [181].

Although there are few published studies of 
the effectiveness of probiotic use in athletes, there 
is growing interest in examining their potential to 
help maintain overall general health, enhance 
immune function, or reduce URTI incidence and 
symptom severity/duration. A randomized 
double-blind intervention study investigated 141 
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runners taking either a placebo or L. rhamnosus 
daily during 3 months of training period before a 
marathon race with follow-up during 2  weeks. 
Although there were no significant differences in 
the number of episodes of respiratory or gastroin-
testinal tract illness, the duration of gastrointesti-
nal symptom episodes in the probiotic group was 
shorter than in the placebo group during the train-
ing period (2.9 vs 4.3 days) and during the 2 weeks 
after the marathon (1.0 vs 2.3 days) [186]. Another 
study in elite runners showed that supplementa-
tion in L. fermentum decreased the number of 
days of respiratory illness [187]. A substantial 
reduction was also observed in URTI incidence 
among male but not among female athletes after 
77  days of L. fermentum supplementation. It 
remains unclear the differences between the sexes 
[188]. Probiotic supplementation ingested on a 
daily basis reduces the number of participants 
who report any incidence of an infectious symp-
tom in 30 highly trained elite rugby players. The 
investigators used capsules containing three acid-
resistant strains of bacteria (Lactobacillus gas-
seri, 2.6 billion colony-forming units (CFUs); 
Bifidobacterium bifidum, 0.2 billion organisms; 
Bifidobacterium longum, 0.2 billion organisms) 
[189]. They observed a significant reduction in 
the number of URTI or gastrointestinal episodes 
in participants on the probiotic intervention com-
pared to the placebo and significant reduction in 
the number of days reporting any symptoms dur-
ing the probiotic treatment compared with a 
placebo.

Unfortunately there are still no studies of pro-
biotic supplementation in football players, and 
given the small number of studies that have 
examined the effects of probiotic supplementa-
tion in athletes, it is somewhat premature to issue 
definitive recommendations. Yet, oral probiotics 
in athletes, particularly those containing 
Lactobacillus strains, are a promising area of 
research. Probiotics may reduce the risk of respi-
ratory and gastrointestinal illness during stressful 
periods of training and competition. More 
research is required to clarify issues of strains, 
dose response, mechanisms, and best practice 
models for probiotic implementation in the sport-
ing community.

53.11	 �Vitamin D

Vitamin D is classified as a fat-soluble vitamin 
but acts functionally as a hormone and has a 
structure that is similar to steroid hormones. 
Humans acquire vitamin D from two different 
sources, endogenous production after sun 
exposure or via the diet (from food or supple-
mentation). From diet, vitamin D can be found in 
various food products such as fatty fish, eggs, and 
dairy products and through various vitamin D 
analogues produced synthetically in a laboratory. 
The major source of vitamin D is provided from 
cutaneous synthesis via exposure to ultraviolet B 
(UVB) radiation in sunlight [190]. Cutaneous 
synthesis of vitamin D, however, is dependent on 
factors including time of exposure, season, lati-
tude, cloud cover, smog, skin pigmentation, sun-
screen coverage, and age [191].Vitamin D 
deficiency is a common but under recognized 
problem within the global population. The main 
cause of vitamin D deficiency could arise from 
the fact that sun exposure be connoted negatively 
on health. However, moderate sun exposure is the 
primary means of obtaining vitamin D in humans 
because it is unlikely to get adequate amounts 
through diet [192]. Dark-skinned athletes, ath-
letes who live at more poleward latitudes, wear 
extensive clothing, regularly use sunblock, or 
consciously avoid the sun, are all at risk for vita-
min D deficiency [193]. Although there is no con-
sensus on optimal serum levels of 25(OH)D, 
vitamin D deficiency is defined by most experts 
as a total level of less than 20 ng/mL (50 nmol/L). 
Vitamin D insufficiency is defined as a level of 
20–31  ng/mL, and a level of 32  ng/mL 
(80 nmol/L) or greater is indicative of sufficient 
levels [194]. Vitamin D inadequacy (serum 
25(OH)D <32 ng/mL) was determined in a total 
of 2313 athletes from different modalities. Fifty 
six percent (44–67%) of them had vitamin D 
inadequacy that significantly varied by geograph-
ical location [194]. In football players the reality 
is not very different. A sample of 28 healthy pro-
fessional football players, white Caucasians, 
from two First Division teams of Spain provided 
a blood sample in October and in early February 
[195]. Two thirds of players had insufficient 
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vitamin D in early February, and almost a third of 
the group with 25(OH)D above 40  ng/mL in 
mid-October were below 30  ng/mL in early 
February. This study suggests that serum 25(OH)
D of approximately 48.8 ng/mL is necessary in 
mid-October to ensure vitamin D sufficiency 
(30  ng/mL) at the beginning of February. In 
another study [196], 20 professional male 
Premier League football players, of varying 
nationalities, provided a sample in the summer 
and the winter. Serum 25(OH)D significantly 
decreased between summer (41.6 ± 8.4 ng/mL) 
and winter (20.4  ±  7.6  ng/mL) months. All 20 
players exhibited a decrease in vitamin D con-
centration within this time period, where the 
mean decrement was 21.2 ± 6.0 ng/mL. The two 
players who were dark skinned exhibited the 
lowest serum 25(OH)D values in both summer 
(28 and 27.2 ng/mL, respectively) and winter (8.8 
and 15.6 ng/mL, respectively). Also Polish pro-
fessional football players (n = 24) had lower lev-
els of 25(OH)D after the winter period compared 
to the summer period (24.96  ±  9.11  ng/ml vs 
30.82 ± 9.04 ng/ml) [197]. Finally, in 342 profes-
sional footballers based in Qatar, 84% of them 
had 25(OH)D concentrations less than 30 ng/mL; 
12% were severely deficient (<10  ng/mL), and 
there was a significant difference in 25(OH)D 
level depending on the country of origin of the 
player. Total body mass and lean mass were sig-
nificantly higher in players with 25(OH)D levels 
greater than 20 ng/mL, when compared with the 
players with less than 10 ng/mL. However, there 
was no consistent association found between 
lower-limb isokinetic peak torque and 25(OH)D 
concentration [198].

The effects of vitamin D are not limited to 
bone metabolism. A recent systematic review 
found a moderate to strong inverse associations 
between 25(OH)D concentrations and cardiovas-
cular diseases, serum lipid concentrations, 
inflammation, glucose metabolism disorders, 
weight gain, infectious diseases, multiple sclero-
sis, mood disorders, declining cognitive function, 
impaired physical functioning, and all-cause 
mortality [199].

The discovery of the vitamin D receptor in 
human skeletal muscle has led to increased 

research indicating a direct effect on skeletal 
muscle activity [200]. It has been long recog-
nized that vitamin D deficiency is associated with 
muscle weakness, particularly proximal muscle 
weakness, and that this resolves with correction 
of deficiency [201]. Evidence from the Russian 
and German literature at the turn of the twentieth 
century suggests that UVB exposure makes a 
positive impact upon athletic performance [193]. 
However, these studies did not simultaneously 
measure markers of vitamin D status and were 
not made using the rigorous scientific standards 
employed today. Vitamin D affects skeletal mus-
cle by indirect mechanisms, by the change of cal-
cium and phosphate balance, and by direct 
mechanisms through activation of muscle cells in 
the vitamin D receptor triggering the transcrip-
tion of genes involved in differentiation and pro-
liferation of muscle cells [202]. There may be 
even an influence of vitamin D receptors poly-
morphisms on musculoskeletal injury. In profes-
sional football players, it was found that the ApaI 
polymorphism may be associated with the sever-
ity of musculoskeletal injury [203].

Emerging evidence also suggests that vitamin 
D plays important roles in immune and inflamma-
tory modulation and therefore has the potential to 
impact upon the health, training, and performance 
of athletes. A low level of vitamin D in collegiate 
athletes during the spring was correlated with the 
frequency of the disease, including common cold, 
influenza, and gastroenteritis, and would benefit 
from supplementation during the winter to pre-
vent seasonal decreases in 25(OH)D concentra-
tions [204]. Recent research has provided 
evidence to suggest that maintaining adequate 
vitamin D status may reduce stress fracture risk, 
total body inflammation, common infectious 
illness [205], and enhance strength recovery after 
anterior cruciate ligament surgery recovery [206]. 
Poor vitamin D status has been linked to upper 
respiratory tract infection in young Finnish 
athletes [207] and elevated concentrations of 
systemic inflammatory markers in runners [208].

There is convincing evidence that the majority 
of football players have low levels of vitamin D, 
the question is how it impacts the performance. 
Increases in force and power production have 
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been studied in athletes with positive results dur-
ing a randomized placebo-controlled study in ten 
male professional football players [209] after 
8  weeks of supplementation of either 5000  IU/
day of vitamin D3 or a placebo; the vitamin D3 
group had a significant increase in serum 25(OH)
D levels and a significant improvement in both 
their 10-m sprint times and vertical jump when 
compared to the placebo group. A significant cor-
relation between 25(OH)D levels and perfor-
mance parameters was found in 67 Caucasian 
male professional football players [210]. This 
study demonstrated a linear relationship was seen 
between pre- and post-off-season measurements 
of 25(OH)D and muscle strength indicated by 
squat jump, countermovement jump, sprinting 
ability (10- and 20-m sprint), and VO2max. 
However, other studies have shown no significant 
benefit of vitamin D supplementation in athletes 
with moderately deficient or adequate levels indi-
cating that these performance benefits might be 
limited to individuals with significant vitamin D 
deficiency [211]. The largest improvements in 
performance will probably occur in those with 
the lowest levels; that is, a significant improve-
ment in athletic performance may occur when 
levels increase from 15 to 30  ng/mL, but less 
improvement will occur when levels increase 
from 30 to 50 ng/ml [193]. Regular consumption 
of vitamin D-fortified foods is not likely to result 
in sufficient status in the absence of UVB expo-
sure [212]. Habitual exposure to the arms, legs, 
and back several times a week for 5 min (for fair-
skinned individuals) to 30  min (for darker-
skinned individuals) at close to solar noon 
without sunscreen usually leads to sufficient vita-
min D synthesis in summer months [191]. To 
account for the seasonal variation in ultraviolet B 
radiation during winter, daily supplementation 
with 5000 IU of vitamin D3 appears a safe and 
tolerable dose to restore circulating 25(OH)D 
concentrations to sufficient levels, thus promot-
ing immune and bone function and potentially 
improving training adaptations through modula-
tion of muscle mass [211]. Athletes, who often 
believe more is better, should be cautioned that 
daily supplementation with more than 10,000 IU 
could lead to toxicity [213].

53.12	 �Whey Protein

Although protein is not considered ergogenic to 
exercise performance, protein ingestion in close 
proximity to the exercise stimulus increases skel-
etal muscle protein synthesis (MPS) and thereby 
facilitates post-exercise skeletal muscle remodel-
ing processes. To this end, ingestion of 20–30 g of 
protein is sufficient to induce maximal rates of 
MPS [214]. Additionally, because of its rapid 
rates of digestion and elevated leucine concentra-
tion, whey proteins are a better choice to both soy 
and casein protein sources [215]. Leucine is one 
of the three branched-chain amino acid that has to 
be provided in the diet. Besides serving as build-
ing blocks for protein synthesis, leucine can also 
regulate the rate of protein synthesis via a stimula-
tory effect on enzymes involved in the translation 
of specific mRNAs. From a nutrition perspective, 
the use of some supplements such as leucine may 
partially attenuate the decrease in MPS through 
the activation of mTOR [216]. Leucine is an 
essential amino acid found in greater amounts in 
proteins of high biological value, such as whey 
protein. Available data indicate that the amount of 
leucine required to reach an optimal effect is 1.5–
2.5 g in young individuals, which is the normal 
content in around 20  g of high-quality protein 
[217]. The ingestion of 3 g of leucine, isolated or 
contained in protein, is capable of activating MPS 
[218] and would be indicated in a football player 
in rehabilitation process recovering from muscle 
atrophy [219]. Given that liquid protein induces 
higher plasma aminoacidemia than solid protein 
sources, it would be an interesting practice to pro-
vide a whey-based liquid protein immediately 
after games [220]. In the context of training days, 
20–25  g of protein can be easily consumed 
through whole foods, although occasionally it 
may be more practical to deliver protein in the 
form of a protein shake or drink that delivers the 
exact amount of protein in a convenient form. It is 
also beneficial for players to consume 30–40 g of 
casein-based protein prior to sleep so as to stimu-
late MPS and promote overnight recovery [221].

The catabolite of leucine, β-hydroxy-β-
methylbutyrate, ingested at 3 g per day has also 
been reported to be an effective supplement in the 
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activation of MPS, although further research is 
needed before its use can be recommended, espe-
cially in consideration for the injured player 
[222]. Another product of leucine metabolism, 
alfa-hydroxy-isocaproic acid, may also be of 
interest in muscle mass increase in football play-
ers [223].

Despite lacking evidence of whey protein in 
performance of football players, it would be rec-
ommended to consider in moments like post-
match and post-training ingestion of 20–30 g of 
whey protein to induce maximal rates of MPS, 
thereby promoting recovery and training 
adaptation.
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54.1	 �Introduction

The main aim of the doping control is not to 
identify athletes with an atypical finding (ATF) or 
with an analytical adverse finding (AAF), but just 
the opposite: to avoid the consumption of a pro-
hibited substance or the use of a method of dop-
ing. The education and spread of information 
related to doping, together with the doping control 
session itself in- and out-of-competition, are an 
enormous force of dissuasion. Special attention 
should be given to young athletes, who may be 
vulnerable and consume banned substances with 
the promise of a successful career. Inappropriate 
advice has been countered with educational ses-
sions and a distribution of thousands of educa-
tional leaflets on doping and banned substances, in 
particular during the World and European youth 
final rounds.

The doping control is supported on principles 
of moral and sports ethics and is intended to be 
fair, universal, and efficient. In order to be har-
monized worldwide and “encourage the consis-
tency of the anti-doping processes,” the World 
Anti-Doping Code (the Code) was created. The 
intention is that any doping control undertaken 
anywhere in the world in- and out-of-competition 
on a local or international scale is performed with 
the same conditions, the same laboratory proce-
dures, and with respect to the rights and duties of 
the athlete.

The athlete must be aware that they are respon-
sible for the issues related to the doping control, 
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including the presence of a prohibited substance 
(or its metabolites) that may be found in their bio-
logical samples. It is the athlete’s duty to make 
sure that no prohibited substance enters their 
body and that no prohibited method is used. Also, 
they must know that the intention to use a sub-
stance or method is considered a violation of the 
Code and is subject to a penalty. During the dop-
ing control session, the athlete must be alert and 
check that no mistake has occurred. For instance, 
they must verify if the numbers in the bottles with 
the samples match those on the form. The athlete 
is also responsible for the “whereabouts.”

54.2	 �Is Doping a Problem 
in Football?

Football is the sport with more anti-doping con-
trols than other football types, according to the 
Testing Figures of the World Anti-Doping 
Agency (2013: American football, 721 tests; 
Rugby, 6126 tests; football, 28,002 tests) [2]. 
There are thousands of samples collected around 
the world, and international sporting organiza-
tions such as UEFA and FIFA are focusing a lot 
of effort toward this struggle.

UEFA has been very active to ensure a clean 
sport and for the values of fair play to be respected. 
The number of biological samples has been increas-
ing over the years as can be seen in Table 54.1.

Like other organizations, UEFA is changing 
their strategy and is collecting a lot of samples in 
the out-of-competition setting (around 25% dur-
ing the season 2013/2014), in particular more 
blood samples (250 out-of-competition versus 88 
in-competition). Although a lot of samples were 
collected, only one tested positive (methylecgo-
nine, a metabolite of cocaine), and the player was 
banned for 18 months [1].

FIFA is also very committed in the fight 
against doping. Before the start of the last FIFA 
World Cup in Brazil in 2014, players of all par-
ticipating teams were subjected to out-of-
competition doping controls, and samples of 
urine and blood were collected from all of them. 
During the tournament, the players were also 
submitted to in-competition doping controls. In 
order to ensure an even more reliable procedure, 

all samples were analyzed at a laboratory in 
Lausanne, Switzerland, which means that FIFA 
had to organize a very complicated operation to 
obtain the samples in Brazil and have them sent 
securely and safely to Switzerland and analyzed. 
As one of the first federations worldwide, FIFA 
tested the players in 2015 for gene doping.

Table 54.2 includes all samples (urine and 
blood, in- and out-of-competition) collected by 
FIFA and UEFA worldwide during 2013. In total, 
28,002 urine and blood samples were collected 
[3]. The ATF and AAF are shown. The AAF 
includes the presence of a prohibited substance 
or method, which means, for instance, that a pro-
hibited substance was found in the urine. This 
occurred in 140 cases (0.5%). The atypical find-
ing occurred 270 times (0.96%). No AAF or ATF 
occurred in the blood samples.

In Portugal, the Portuguese Authority for 
Doping control (ADoP) collected 3404 samples 
in all sports during 2013 [4]. These included 
1086 samples collected from football players 
(728 in- and 358 out-of-competition samples). 
There were 35 analytical adverse findings 

Table 54.1  Number of blood and urine samples collected 
by UEFA [1]

Season 1998/1999 2004/2005 2013/2014

UEFA 
Champions 
League

62 212 804 urine + 
318 blood

UEFA Cup/
Europa 
League

48 224 556 urine + 
20 blood

UEFA 
Intertoto Cup

8 24 Not applied

Futsal 
competitions

0 12 104

Youth 
competitions

0 64 288

Women’s 
competitions

0 28 104

UEFA Super 
Cup

4 4 4

Total 1 152 568 1860 urine 
+ 338 blood

EURO 44 124 Not applied
Total 2 196 692 1860 urine 

+ 338 blood

Source: UEFA – number of blood and urine samples col-
lected by UEFA
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(1.03%) in all sports. For football, there were five 
AAF (0.46%); the substances found being can-
nabinoids (1), diuretic (2), and cocaine (2). 
During 2014, ADoP collected 1120 samples in 
football (805 in- and 315 out-of-competition), 
three were AAF, and none included cannabinoid 
or cocaine. These kinds of substances are trou-
blesome in other countries as well. In 2013  in 
Italy, amateur and professional football players 
presented seven AAF (0.5%), and the substances 
detected were tetrahydrocannabinol (1), cocaine 
(3), betamethasone (2), and clostebol (2). In 
Spain during the 2011/2012 football season, as 
well as in futsal and women’s football, several 
AAF were found to have the consumption of can-
nabinoids and cocaine.

Is doping a problem in football? The answer 
is yes, because there are still players with an 
AAF, and quite a large and unexpected number 
of those are due the consumption of so-called 
social drugs (cannabinoids and cocaine). The 
number has been decreasing, however, for two 
reasons in particular. Firstly, in 2013, World 
Anti-Doping Agency (WADA) raised the thresh-
old of disqualification for use of cannabinoids 
from 20 ng/ml to 150 ng/ml, which means that 
any low-level or long-time consumers are no lon-
ger caught [2]. But this must not tranquilize the 
low consumers, because it is never known how 
much is needed to have a positive result. The sec-
ond reason and much more importantly is the 
education program implemented by World and 
National Anti-Doping Organizations. Thanks to 
them, athletes are learning that it is not worth 
consuming social drugs as they are bad for their 
health, social life, and sports career. Doping con-
trols are still needed, however, to ensure athletes 

avoid this kind of behavior. The sanctions for 
cannabis are never 2 years. The vast majority of 
cannabis positives lead to a sanction ranging 
from a reprimand to a 6-month ban, but there are 
cases where athletes received a 2-year ban for 
cannabis. With the new code, it might be even 
more.

54.3	 �The Code [2] 

The Code was approved in 2003 and was imple-
mented on 2004. It was subjected to two revi-
sions, first in 2009 and the second which entered 
into force on 1 January 2015. Several amend-
ments and updates have been made since its cre-
ation. One of the revisions introduced the concept 
of the “nonanalytical” rule violations, in which 
case there may be no positive doping sample, but 
there is a behavior that may constitute a violation 
(whereabouts failure, for an example, see below). 
Another revision with the new Code is the sanc-
tions for intentional doping, which have been 
increased from 2 to 4 years, though a more flexi-
ble regime is applicable regarding positive tests 
involving social drugs or contamination. 
Furthermore, staff surrounding the athlete (i.e., 
doctor, coach, nurse, etc.) can now be punished 
as well if there is complicity or if they assisted or 
promoted doping.

This is a fundamental document that harmo-
nizes all doping procedures and specifies penal-
ties relevant for all sports and in all countries.

The objectives are:

•	 To protect the fundamental right of the ath-
letes to participate in sports competitions 

Table 54.2  Samples analyzed and reported by accredited laboratories in Anti-Doping Administration and Management 
System (ADAMS) [2]

In-competition Out-of-competition

2013 Total samples ATF AAF Total samples ATF AAF

UEFA Urine 1369 15 3 473 8 0
Blood 36 0 0 50 0 0

FIFA Urine 920 1 5 372 4 0
Blood 16 0 0 12 0 0

All world Urine 21,638 159 128 5697 111 12
Blood 494 0 0 173 0 0

Source: WADA – Samples analyzed and reported by accredited laboratories in ADAMS
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without doping and to promote health, justice, 
and equality among all the athletes in the world

•	 To guarantee harmonized, coordinated, and 
efficient programs at national and interna-
tional levels for detection, punition, and pre-
vention of the doping

According to the Code, the following consti-
tute anti-doping rule violations:

•	 Presence of a prohibited substance or its 
metabolites or markers in an athlete’s 
sample

•	 Use or attempted use by an athlete of a prohib-
ited substance or a prohibited method

•	 Evading, refusing, or failing to submit to sam-
ple collection

•	 Whereabouts failures
•	 Tampering or attempted tampering with any 

part of doping control
•	 Possession of a prohibited substance or a pro-

hibited method
•	 Trafficking or attempted trafficking in any 

prohibited substance or prohibited method
•	 Administration or attempted administration to 

any athlete in-competition of any prohibited 
substance or prohibited method or administra-
tion or attempted administration to any athlete 
out-of-competition of any prohibited sub-
stance or any prohibited substance method 
that is prohibited out-of-competition

•	 Complicity
•	 Prohibited association

54.4	 �The International Standards 
[2, 3] 

To achieve the goals, the Code is supported by 
five International Standards mandatory for all 
stakeholders, which are related to the following 
operational and technical areas:

•	 Prohibited list
•	 Testing and investigation
•	 Laboratories
•	 Therapeutic use exemption (TUE)
•	 Protection of privacy and personal 

information

54.4.1	 �Standard No. 1: 
Substances and Methods Prohibited 
in Sport

A list of prohibited substances and methods is 
published every year and is valid for the entire year 
starting 1 January, unless new drugs and/or 
methods arise in the meantime. A new list was 
published in September 2014 (valid 1 January 
2015). It is divided by substances and methods 
prohibited at all times (in- and out-of-competition) 
and substances and methods prohibited only in-
competition (stimulants, narcotics, cannabinoids, 
and glucocorticoids) and in several categories. The 
glucocorticoids are only prohibited when adminis-
tered by oral, intramuscular, intravenous, or rectal 
routes. The methods on the list (manipulation of 
the blood and blood components, chemical and 
physical manipulation, and gene doping) are pro-
hibited at all times. For some sports, there are spe-
cial considerations, for instance, in motorized 
sports such as archery, in powerboating, and in air 
sports in-competition, the equivalent of alcohol 
(ethanol) in blood greater than 0.10 gr/L is forbid-
den. In addition, beta blockers are not allowed in-
competition in some sports such as archery, 
billiards, and automobile, among others.

The Code considers a substance or method as 
doping when two of the following three criteria 
are met:

	(a)	 The substance or method, alone or in combi-
nation, has the potential to enhance or 
enhances performance

	(b)	 The use of the substance or method repre-
sents an actual or potential health risk to the 
athlete

	(c)	 The substance or method violates the spirit 
of sport described in the introduction to the 
Code

54.4.2	 �Standard No. 2: 
Testing and Investigation

WADA states that the purpose of this standard is 
to plan for effective testing and to maintain the 
integrity and identity of samples, from notifying 
the athlete to transporting the samples to the lab. 
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The new International Standard for Testing and 
Investigation came into effect on 1 January 2015.

Everything related to a control, including the 
programming, the notification of the athlete, the 
collection of the samples, and their transportation 
to an accredited laboratory, is under this standard. 
The selection of the player is very well defined. 
Additionally, all procedures once the athlete has 
provided the sample including the pouring to the 
bottles and the check for the specific gravity are 
regulated. When there is not enough quantity (at 
least 90 ml) or it does not have the right specific 
gravity (over 1005 on a refractometer reading or 
over 1010 on a lab strip reading), the standard 
regulates the next procedures. In general, no 
alcohol is permitted in the doping control room.

It is worthwhile mentioning, since this might act 
as a deterrent, that some urine and blood samples 
are stored for reanalyzing in the future which could 
identify substances that are not detectable today.

54.4.3	 �Standard No. 3: 
Laboratories

This standard regulates the procedures of all 
accredited laboratories (by WADA). The pro-
ceedings must be equal in all laboratories in order 
to achieve the same result and report no matter 
where the sample is analyzed. It is supported by 
technical documents with specific criteria that 
must be respected by the laboratories. The 
accomplishment of these goals is necessary to 
receive accreditation from WADA.

There are 32 accredited laboratories world-
wide. In Europe there are 18 in total, and coun-
tries such as Germany (Koln and Dresden) and 
Spain (Barcelona and Madrid) even have two. 
There is one in Lisbon, Portugal. In Africa, there 
is only one (South Africa), and in South and 
Central America, there are only three (in 
Colombia, Mexico, and Cuba).

54.4.4	 �Standard No. 4: 
Therapeutic Use Exemption (TUE)

Before becoming an athlete, a football player is 
just another person who can become sick and has 

the right to be properly treated with any kind of 
medication even it is included in WADA’s list. 
Once a football player becomes an athlete, any 
time they need a medication that is prohibited, 
after considering any alternative medication or 
treatment, before use, they must apply for a TUE 
to either the National Anti-Doping Organization 
(NADO) or to UEFA or FIFA.  The application 
form can be downloaded from the respective site, 
and all sections must be completed in block capi-
tal letters. The athlete must be aware that an 
incomplete or an illegible form will not be con-
sidered and will be returned for completion.

There are various criteria that must be met for 
a TUE to be granted according to the WADA 
International Standard for TUEs (citation):

•	 The prohibited substance or prohibited method 
in question is needed to treat an acute or 
chronic medical condition, such that the ath-
lete would

•	 Experience a significant impairment to health 
if the prohibited substance or prohibited 
method was to be withheld

•	 The therapeutic use of the prohibited sub-
stance or prohibited method is highly unlikely 
to produce any additional enhancement of per-
formance beyond what might be anticipated 
by a return to the athlete’s normal state of 
health following the treatment of the acute or 
chronic medical condition

•	 There is no reasonable therapeutic alternative 
to the use of the prohibited substance or pro-
hibited method

•	 The necessity for the use of the prohibited 
substance or prohibited method is not a conse-
quence, wholly or in part, of the prior use 
(without a TUE) of a substance or method 
which was prohibited at the time of such use

The TUE application form should be signed by 
the player and their doctor and must include a 
comprehensive medical history and the results of 
all relevant medical investigations (blood analy-
ses, tests, imaging studies) and then sent to a con-
fidential fax number. In the case of UEFA, it is sent 
to the Medical and Anti-Doping Unit  
(fax: +41229903131), and for FIFA, it is sent to 
Medicine and Science Department, Anti-Doping 
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Unit. It is very important to know that before the 
TUE is granted, the player cannot take the prohib-
ited substance or the prohibited method unless 
there is a serious medical emergency. Only in this 
case, it is permissible to apply for a TUE retroac-
tively, but it should be taken into consideration that 
it will be only granted if there was a clear medical 
justification for the emergency use. Medical 
reports must be sent to support the application. An 
example is an anaphylactic crisis that can jeopar-
dize the athlete’s life and so it is permissible to 
administer intravenous cortisone and/or intramus-
cular adrenaline. In its site, WADA mentions that a 
TUE in an anaphylaxis case is retroactive in nature. 
On the same page, there is link to obtain “Medical 
Information to Support the Decisions” of TUEs 
for several diseases (arterial hypertension, diabe-
tes mellitus, adrenal insufficiency, asthma, growth 
hormone insufficiency, etc.). In this section, there 
is a very helpful summarized description of every 
disease, which includes the diagnosis (medical 
history, diagnostic criteria, and relevant medical 
information), the best medical treatment (name of 
the prohibited substance, route of administration, 
dose, frequency, and recommended duration of 
treatment), other permitted and alternative treat-
ments, health consequences in case of interruption 
of the treatment, treatment monitoring, duration of 
the TUE, and additional care.

According to the WADA International 
Standard for TUEs, the TUE should be granted as 
soon as possible and should not take any longer 
than 21  days after the submission of the TUE 
application [2]. However, it usually does not take 
so long, and in some countries, like Portugal, it 
can sometimes take between 3 and 4  days to 
receive the answer by the registered post. In the 
case of UEFA, a TUE is faxed, and a copy sent to 
the team, the National Association/Federation, 
NADO, FIFA, and WADA.

Special consideration must be mentioned 
about a player involved in an international com-
petition, at team level and national level as well, 
where they must request prior authorization from 
UEFA or FIFA by means of a UEFA or FIFA 
TUE application form, and not to NADO.  A 
UEFA TUE is valid for all UEFA, FIFA, and 
national-level competitions, and a FIFA TUE is 

valid for UEFA and for FIFA competitions and 
for national level. A NADO TUE is not valid for 
UEFA or FIFA competitions (though there are 
exceptions). It is necessary to send to UEFA or to 
FIFA the NADO TUE with the initial application 
form and the relevant translated medical informa-
tion before the start of the competition, advisedly 
21 days before the beginning.

54.4.5	 �Standard No. 5: 
Protection of Privacy and Personal 
Information

The aim of this standard is to guarantee that all 
persons involved in the doping control process 
respect the privacy of the athlete and all 
information they may aware of, namely, the 
“whereabouts” system, the TUE, and the doping 
control session itself. It includes the seal from the 
management of the results where a public and 
private divulgence cannot occur. WADA pub-
lished several statements and clarifications about 
the protection of this sensitive information which 
can be consulted on their website.

54.5	 �Anti-Doping Administration 
and Management System 
(ADAMS) [2]

The ADAMS is a web-based database manage-
ment system created by WADA to coordinate 
anti-doping activities and assist everybody 
involved in anti-doping to implement the Code. 
It’s free, accessible in any place, and easy to use, 
as WADA is described as “designed to assist 
organizations in carrying out their anti-doping 
operations.” It is also available in various lan-
guages (English, French, Spanish, German, 
Italian, Japanese, Arabic, Dutch, Chinese, 
Korean, Polish, Portuguese, Suomi, Bulgarian, 
Serbian, Czech, and Russian). Data related to 
laboratory results, therapeutic use exemptions, 
and anti-doping rule violations can be found 
here, and this allows a better communication 
among the organizations involved in this fight. It 
allows data sharing in a secure place with 
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restricted access and guaranteed transparency 
and efficiency. It also replaces the less secure 
email and fax communication. Every player can 
have an ADAMS account. Since last year, there is 
a free ADAMS app for smartphones, and “using 
their Android or iPhone, athletes can enter, check, 
and change their whereabouts details at any time 
with just a few clicks. Using mobile notifications, 
the app also helps the athletes to remember their 
obligations to submit whereabouts, including the 
relevant deadlines to do so. The App can be 
downloaded at the Google Play Store.” This is a 
huge investment that costs annually US$200 000 
to keep all the information secure.

Core functionalities:

•	 Facilitate the operation of the whereabouts 
system, since any athlete anywhere in the 
world can enter, actualize, and change the 
information related to their location. The 
whereabouts can be modified by sending an 
SMS to ADAMS. It is also allowed to transfer 
this obligation to an authorized person, such 
as an agent. At the team level, usually there is 
a dedicated officer responsible for this issue. 
However, it is important to remember that all 
activities related to an anti-doping issue, 
including this one, in the first instance, are 
under the responsibility of the player. With 
this system, the athlete only needs to submit 
the information once, and other anti-doping 
organizations will have access to it. For the 
athletes included in a passport program, the 
information will be retained for 8 years and, 
for others, 18  months. In order to learn and 
facilitate the submission process, the player 
can watch a tutorial movie on YouTube (look 
for “ADAMS Whereabouts tutorial” in 
Google, for instance)

•	 Online management of the Therapeutic Use 
Exemptions (TUE), notification of those 
involved in the process and, after approval, the 
player can print their Certificate of Approval. 
Doctors and athletes can submit the petition 
online. All medical reports will be deleted 
from the system 18  months after the TUE 
expiry date and the TUE itself 8 years after the 
approval date

•	 Test planning and results management. With 
this tool, it is easier to make the schedule for 
the in- and out-of-competition doping control 
program and to avoid the duplication of tests 
performed by the various anti-doping organi-
zations. In the case of a negative analytical 
finding, all relevant documents are deleted 
18  months after the doping control mission, 
but when there is a positive analytical finding, 
the relevant documents will be deleted only 
8  years after the date of the test from the 
system

•	 The laboratory results are stored in this sys-
tem as well. WADA-accredited laboratories 
submit the test results to the appropriate 
authorities via ADAMS, who are notified of 
the results. A lot of information regarding 
analyses of thousands of urine and blood sam-
ples are annually collected and stored. Though 
WADA has access to all laboratory results, the 
testing authority only has access to their 
results

•	 The hematological passport is also stored in 
the system and can be automatically calcu-
lated. There is an automatic notification of an 
atypical passport finding and an automatic 
reporting to WADA. There is one passport for 
each athlete

•	 For further information or questions please 
write to adams@wada-ama.org

54.6	 �The Biological Passport [2, 3]

The biological passport (BP) is a registration and 
monitoring of various biological markers of a 
player. It is based on the biological stability of the 
human physiology. It monitors players’ selected 
biomarkers over time, providing intelligence for 
target testing.

It started in 2008 when the Union Cycliste 
Internationale (UCI) started to collect and 
store this data. The registration of the results 
from urine and blood samples over time can 
define a unique biological profile of an ath-
lete, and a “normal” value is applied to that 
player. Whenever they are subjected to a dop-
ing control, the results must be around that 
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value, inside a range calculated with a mathe-
matical formula. There is an intrapersonal 
comparison of the results. If the results are not 
in that range, then further investigation is 
needed, and, in the end, the athlete might have 
an ATF and receive a penalty as described by 
the Code.

This is a very simple, intelligent, and cost-
effective strategy. Sometimes, a player may be 
using substances on an intermittent and/or 
low-dose basis which could go undetected, but 
can have an effect in the player’s biological 
profile. The laboratory does not look for the 
prohibited substance in the urine or blood 
sample, for example, but looks for its effect. 
The substance itself might not be directly 
detected, and only the effects of doping are 
revealed. Instead of looking for erythropoietin 
(EPO), which is very expensive, it is more 
cost-effective and quicker to look for the 
hemoglobin concentration and for the hemato-
crit. If the hematocrit is higher than it should 
be, it might indicate a recent blood transfusion 
or the use of EPO. If it is too low, then a blood 
withdrawal might be considered. However, it 
is mandatory to test 10% of all tests in football 
for erythropoiesis-stimulating agent (ESA).

There are three modules, in different phases of 
development and implementation:

•	 The blood module, to detect EPO and any 
EPO developed in the future

•	 The steroid module, related to the anabolic 
androgenic steroids

•	 The endocrine module, related to the growth 
hormone and to the IGF-1

FIFA introduced the BP before the last World 
Cup (2014) and carried on during the competi-
tion. Before the beginning of the tournament, the 
athletes of all participating teams were subjected 
to an out-of-competition doping control, where 
blood and urine samples were collected. All data 
was stored to create the athletes’ profile. In 
September 2014, the Executive Committee of 
UEFA approved the introduction of an athlete 

biological passport during the 2015/2016 season 
for the UEFA Champions League.

This strategy has already provided some 
results, not in football, but in other sports. There 
are at least 50 athletes banned worldwide because 
of irregularities in their biological passport. 
Athletics is the sport with the most athletes 
banned at the moment, a total of 36: Russia (17), 
Portugal (5), Turkey (3), Morocco, Saudi Arabia, 
and Ukraine (1). The second sport is cycling: 
Italy (4), Spain (4), and Portugal (3).

54.7	 �The Whereabouts [2, 3]

An out-of-competition doping control can only 
be effective if the player can be found. This tool 
can provide valuable information to locate the 
athlete to be subjected to a doping control 
without notice, and, in this way, a good anti-
doping program is guaranteed. There is a 
Registered Testing Pool (RTP) where the ath-
letes indicated by international or national 
sports organizations are included. The where-
abouts are fulfilled four times per year, and the 
player must indicate a place (home, club, 
school, training camp, etc.) and a period of 
60 min where they can be found during each of 
the 90 days of that period. A prevision of the 
completion schedules must also be provided. It 
is against the Code not to provide this informa-
tion. It is important to clarify that a player can 
also be tested as an out-of-competition or in a 
target testing doping control outside that time 
period. Whenever the training schedule changes 
or for any other reason, the player can update 
the information by SMS, fax, email, or via 
ADAMS (except for FIFA yet in this case). This 
online tool allows athletes access anytime and 
anywhere to update their whereabouts informa-
tion. It is strongly advised that the athlete 
knows in advance where to send any changing 
information, since there will be consequences if 
they are not found in the place and at the time 
previously indicated, unless there is a very 
good reason that can be explained later during 
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the disciplinary process. The player can have an 
agent or a team representative to submit the 
whereabouts depending of the registered pool, 
but the athlete must be aware that they are the 
only one responsible for that and cannot blame 
these people if problems occur.

54.8	 �Selection of the Players 
for the Doping Control 
In-Competition [2, 3]

International organizations such as FIFA and 
UEFA select four players from each team for the 
doping control. They are drawn by lots at half 
time during a match, and only the first two play-
ers from each team (envelope 1 and 2) will actu-
ally undergo the control, unless for a very special 
reason that is not possible (e.g., evacuation of a 
player to the hospital because of injury). In this 
case, the player will be replaced by one of the 
reserves. Fifteen minutes before the end of the 
match, the names of the players are revealed 
(envelopes opened), and they are written in the 
summons form. Both the doping control officer 
(DCO) and the player representative must sign 
this form. A copy will be given to the representa-
tive. At a national level, usually only two players 
are drawn by lots 15 min before the end of the 
match, and their names are revealed at that 
moment. From the time of notification until the 
end of the control session, the player must always 
be under direct observation by the DCO or by the 
chaperone. As soon as the match is over, the 
player must go straight to the doping control 
room and in no circumstances is allowed to go 
first to the dressing room. The DCO may how-
ever grant, in circumstances as below, a delay in 
reporting to the doping control room, provided 
that the athlete can kept all times under direct 
observation:

•	 Media commitments/flash interview
•	 Urgent medical care
•	 Participation in a ceremony
•	 Other circumstances with a valid justification

The player is not allowed to leave the doping 
control room without authorization of the DCO, 
and they can change clothes.

In an out-of-competition testing, the player 
drawn by lots has 60 min to report to the DCO 
after notification.

54.9	 �The Sample Collection 
Session [2, 3]

The doping control officer (DCO) is responsible 
for the session and must pay a lot of attention at 
all times, but especially on the athlete 
identification, informing them of their rights 
and duties, and on the collection, identification, 
and sealing of the sample. All relevant informa-
tion must be written down on the forms provided 
by the national or international authority. The 
DCO must record if it is an in- or an out-of-
competition control. Only authorized persons 
are allowed to be in the doping control room, 
and an interpreter might be included. Only non-
alcoholic beverages are allowed, and these must 
be served in unopened and sealed plastic bottles. 
It is the player’s responsibility of all food 
consumed.

The athlete has the chance to choose the 
equipment to be used in the procedure. They first 
choose a sealed and sterilized beaker for the col-
lection of the urine sample and then a box with 
two sealed and numbered bottles (sample “A” 
and sample “B”). The athlete must check if all the 
equipment is correctly intact and sealed.

The player shall urinate into the beaker under 
direct supervision of the DCO or an assistant 
(same gender as the player). At least 90  ml of 
urine must be collected. If it is not enough, the 
player will be asked to provide an additional 
sample (collected into a new sealed and sterilized 
beaker) later. The first collected sample will then 
be mixed with the new sample in the beaker. If 
the volume of urine is still below 90 ml, the entire 
procedure must be repeated.

It is the responsibility of the athlete to control 
the integrity of the sample until it is sealed in the 
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bottles. The athlete has the possibility to pour the 
urine from the beaker into the bottles. If this is the 
case, the DCO will explain the procedure. If it is 
not, then the DCO will proceed and that must be 
indicated on the form. The first urine must go to 
bottle “B” (30 ml), and the rest, at least 60 ml, 
must go to bottle “A.” A small amount of urine 
must be left in the beaker to be tested for the suit-
able specific gravity for analysis. This will vali-
date the samples. If it is greater than 1005 
(refractometer reading) or 1010 (lab strips read-
ing) the samples will be considered good. If this 
is not found, then the entire process must be 
repeated in order to collect another urine sample. 
This must be indicated on the form. After the 
bottles have been properly sealed, the player must 
check all the code numbers on the bottles, caps, 
box, and form. At the end, the player, the accom-
panying person (if applicable), and the DCO must 
sign the form. The athlete at this moment has the 
opportunity to write any comment or complaints 
about the doping control session. They will also 
be asked to indicate (and sign) if the remaining 
urine can be used for scientific research after the 
laboratory work.

Conclusion

To write this chapter, the web pages of WADA, 
FIFA, UEFA, and ADoP were visited. This 
paper is not a substitution of any documents 
published on their websites which are the offi-
cial positions of each organization. The pur-
pose of this chapter is to provide a global 
overview of the anti-doping control. It is 
strongly recommended to read the World 
Anti-Doping Code (Code) and the Anti-
Doping Regulations of the international 
organizations.
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55.1	 �Introduction

Sport injuries threaten athletes’ career and suc-
cess [1]. Some injuries are minor and do not have 
any impact, instead others can end a career and 
have consequences on athletes’ quality of life.

Getting injured is a traumatic experience for 
athletes: what they have devoted so much time 
and energy can be suddenly, without warning, 
taken away [2]. Additionally, participating in ath-
letics has many benefits. Deutsch [3] recognizes 
that participation provides a means of developing 
physical mastery, positive self-concept, auton-
omy, and self-control. When the positive rein-
forcements of sport and the individual’s 
association with the athletic role abruptly cease 
with the onset of injury, an athlete may question 
their identity and experience a sense of loss.

An injury does not affect exclusively physical 
capabilities but also contextual and psychological 
aspects. In some situations, injuries can deprive 
athletes of their compensation increasing life 
stress and determine fear of reinjury, sensation of 
loss, and negative emotions [4–6]. The negative 
impact of injury depends only in part on how much 
time athletes have spent in sport. For example, 
high performers experience major feeling of loss 
and mood disturbance, but they also have more 
psychological resources to cope with the situation 
because of their stronger athletic identity [7].

The injury is usually seen as a physical prob-
lem which starts from the occurrence of injury 
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and ends when the athlete is back in “business,” 
playing or competing. This injury influences the 
athlete’s daily routines, emotions, behavior, 
social contacts, and even values in life.

According to these facts, the sport injury 
should be seen as much more than just a physical 
problem. Psychological responses to an injury 
must be taken in notice and integrated in the 
treatment plan because athletic injury, whether 
temporary or permanent, is and always will be a 
painfully disruptive and uncontrollable interrup-
tion in an athlete’s life.

55.2	 �Causes of the Injuries: Risk 
Factors

Most of the lesions suffered by athletes are 
caused by the high demands of the competitive 
sport: attain great results in a short period of time, 
lack of psychological preparation, growing phys-
ical loads, disrespect of the adaptation time that 
the body needs to adapt to progressively higher 
demands, etc [8].

Several studies define different physiological 
and psychological factors affecting athletic injury 
risk.

During the last years, more and more research-
ers have claimed that two major impact factors 
could affect the occurrence of sport injuries [9]:

	1.	 Internal risk factors: physical factors (prob-
lems of structural alignment, lack of flexibil-
ity, lack of muscular strength) and personal 
factors (demographic variables, coping and 
psychological skills, behavior factors, injury 
history, and variations associated with the 
maturity)

	2.	 External risk factors: inadequate rehabilita-
tion from a previous injury, training errors, 
game conditions, equipment, mixture of age 
groups, trainers and parents’ behaviors, and 
the sports organization

A number of models contain proposals that 
specify relationships between psychological fac-
tors and an increased athletic injury risk [10]. 
Lavaellee and Flint [11] found that there were 

positive relationships between high competitive 
anxiety and injury. There are also studies claim-
ing that mood states could be related to injury 
occurrence. Williams, Hogan, and Andersen [12] 
demonstrated that athletes with positive states of 
mind early in the season experienced fewer inju-
ries during the season.

We cannot say there is a particular type of per-
sonality more prone to be injured [13, 14] because 
the research so far has failed to prove that partic-
ular personality characteristics are associated to 
injuries. However, a sensation-seeking person 
can be more willing to practice some higher-risk 
sports such as skiing, motorbike, and escalade, 
which have more probability to cause injuries 
than other sports [8].

55.3	 �Mental Constitution 
of Injuries: Emotional 
and Behavioral Experience

Injury is an inherent consequence of athletic par-
ticipation that not only affects patients’ physi-
cally but also their self-concept, self-esteem, 
belief system, values, commitments, and emo-
tional balance. Athletic injury can be an imposing 
source of stress, and athletes often experience 
feelings of tension, confusion, hostility, loneli-
ness, fear, irritability, and anxiety. Feelings of 
guilt and being ignored can also be experienced 
by the athlete [15].

Initially, the researchers agreed that after an 
injury, the athlete passes by a five-stage process:

	1.	 Immediately after the injury, negation phase
	2.	 After he gains consciousness, rage succeeds
	3.	 He starts seeking reasons for suffering the 

injury
	4.	 After having success on the other phases, 

depression begins
	5.	 Acceptance of the injury

According to Hardy and Crace [16], the time 
an athlete spends in each of the phases depends 
on his personality and the support he receives 
from the others (family, team, coach, 
organization).
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Actually, the common understanding is that 
the injury experience is not so rigid and only 
takes three categories of responses [17]:

	1.	 Injury-relevant information processing: the 
injured athlete gathered information related to 
the injury and recognizes the negative 
consequences

	2.	 Emotional upheaval and reactive behavior: as 
soon as the athlete realizes that he is injured, 
he experiences a set of emotions such as 
shock, disbelief, denial, isolation, and 
self-pity

	3.	 Positive outlook and coping: the athlete 
accepts the injury and deals with starting cop-
ing efforts, has a good attitude, and is relieved 
to see the progression in his recovery

Most athletes go through these three general 
stages, but the time spent on each stage varies 
from days to months. Athletes can also experience 
the toughness of the same stages very differently, 
when one goes through it very easily, others can 
experience it to be very hard to go through [18].

Petitpas and Danish [19] describe other reac-
tions and phases:

	1.	 Identity loss: his self-concept as an athlete 
becomes diffusing because of the effects of 
injury

	2.	 Fear and anxiety: the thoughts about reinjur-
ing and being replaced by other teammates are 
overwhelming

	3.	 Lack of confidence: as an injured player can-
not practice, he can diminish confidence in his 
abilities

	4.	 Performance decrements: because of the lack 
of confidence and less time of practice, ath-
lete’s performance can decrement when they 
return to practice

The athlete’s response to injury can be viewed 
as occurring at three levels: cognitive, emotional, 
and behavioral.

Athletes’ emotional (e.g., frustration, anger 
sadness, relief) and behavioral responses (e.g., 
isolation, tardiness, adherence) are determined 
by how the athlete sees and interprets one’s injury 

and coping skills to deal with it. Additionally 
Bianco [20] notes that the direction of influence 
can also go in reverse direction, from behavioral 
outcomes to emotions followed by cognitions. 
Even though the injury is generally seen as pri-
mary stressor, the way the injury is perceived is 
the most important. In other words the fact that 
injury has occurred is less important than its 
meaningfulness [21].

Cognitive response is determined firstly by 
how the athlete sees the injury’s potential serious-
ness and effects on the athlete and secondly by 
how athlete’s personal and social resources are 
available to cope with demands of the injury [20].

The consequences of an injury are not only in 
terms of pain and suffering but also in self-
concept, quality of life, mood alterations, sleep 
disturbance, depression, and anger and, directly 
or indirectly, through all these effects, can also 
affect relationships.

This inability to continue sports participation 
is devastating and hinders the recovery process 
and consequently affects the way athletes men-
tally deal with future injuries [22].

Fortunately, today the traditional thinking of 
considering an injury a mere biological problem 
has been surpassed, and the role of psychological 
factors and his treatment is widely recognized. 
So if we treat an injury physically, we must treat 
it also from the psychological point of view [23].

55.4	 �Psychological Intervention

Dealing with an injury from the psychological 
perspective is just as important to recovery as the 
physiological rehabilitation. As said by Crossman 
(pp. 335), “while many athletes spend hours and 
much energy each day physically preparing for 
competition, more often than not they are unpre-
pared psychologically to handle the stress associ-
ated with an unforeseen or unexpected injury” 
[2]. Athletes have access to resources for physi-
cal rehabilitation, but often the psychological dis-
tress caused by injury goes untreated. According 
to Chan, Hagger, and Spray [24], emotional dis-
turbance does occur post-injury, and injured ath-
letes should be given the opportunity to discuss 
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their feelings. In fact, patients express relief at 
being given the opportunity to confide concerns 
privately, away from the presence of persons who 
may have a vested interest in their athletic 
performance.

The psychological intervention can be divided in 
two different levels: prevention and rehabilitation.

At the preventive level, psychologists can inter-
vene in athletes at injury risk: the ones with nega-
tive life stresses, with an increase in daily hassles, 
previous injuries, and poor coping resources [25]. 
Moreover if an athlete experiences anger and 
aggression during a competition or has competi-
tive trait anxiety, the risk of injury increases.

The combination of stress history, poor coping 
resources and personality factors results in what 
theorists call an elevated stress response. This 
involves increased muscle tension, increased dis-
tractibility, and a narrowing of attention so that the 
athlete is not as aware of or responsible to critical 
events or cues. Prolonged exposure to stress also 
changes the body’s endocrine system, making a 
person more susceptible to illness and slowing 
down the healing process [25, p. 218].

Palmi [26] talks about three risk factors: the 
medical-physiological, psychological, and sports 
related and consequently suggests four interven-
tion strategies:

	1.	 Improving the basic information given to the 
athlete about the risk factors, the best prepara-
tion, and the habits to prevent injuries

	2.	 Learning psychological resources to reduce 
the probability of injuries such as relaxation 
after finishing hard training sessions

	3.	 Planning the training and the competition 
with realistic goals adapting to his own condi-
tion and in order to avoid overtraining

	4.	 Improving technical resources because how 
much an athlete is ready to do a task, the less 
probability to get injured

On the rehabilitation side, a psychologist 
intervention can address these aspects:

•	 Establish a relationship of confidence with the 
athlete

•	 Educate the athlete about the injury and the 
recovery process

•	 The athlete must accept his responsibilities in 
the treatment trying to actively seek informa-
tion about the lesion and what he can do in 
order to recover as soon as possible

•	 The athlete must define clear, specific, and 
realistic goals with a time frame in a short, 
medium, and long term for the rehabilitation 
process and for the return to practices and 
competition

•	 The athlete should know how to get support 
from friends, family, teammates, and trainers

•	 The athlete must work mentally in his recov-
ery process taking consciousness of his atti-
tude toward the injury, building positive 
self-talk about the recovery process, and if he 
cannot practice physically, he can mentally 
rehearse and practice

•	 The athlete cannot isolate himself from friends 
and family

•	 Teach the athlete how to cope with the possi-
ble setbacks

55.5	 �Psychological Models 
for Sport Injury 
Rehabilitation

Through the years, several psychological models 
have been proposed in order to contextualize the 
rehabilitation process following sport injury, 
such as the biopsychosocial model, the cognitive 
appraisal, the stage models, and finally the 
motivation-based models.

55.5.1	 �Biopsychosocial Model

Brewer [27, 28] considers seven dimensions to 
explain the sport injury rehabilitation process as a 
whole (Fig. 55.1): injury characteristics, social 
demographic factors, biological factors, psycho-
logical factors, social and contextual factors, 
intermediate biopsychological outcomes, and 
sport injury rehabilitation outcomes.

The process starts with an injury. Injury char-
acteristics (type, cause and severity, history of 
previous injuries) and athlete characteristics 
(age, gender, ethnicity, socioeconomic status) 
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affect athlete’s biological, psychological, and 
social-contextual dimensions.

Subsequently, these three dimensions influ-
ence the biopsychological intermediate out-
comes, such as strength and endurance of a 
muscle and perception of pain. Finally, these 
intermediate outcomes will contribute to better 
outcomes in rehabilitation, such as satisfaction 
on the treatment and functional performance 
after injury.

55.5.2	 �Cognitive Appraisal Models

The cognitive appraisal models attribute a central 
role to cognition in determining individual reac-
tion to sport injury [29]. According to this model, 
personal and situational factors influence cogni-
tive appraisal of the individual (coping, beliefs, 
and attributions), which determine their emo-
tional response (e.g., fear of reinjury, anger, or 
depression). This emotional response influences 
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the athlete’s behavior that consequently contrib-
utes to the success of the program [30].

Weise-Bjornstal and colleagues [31] added to 
this model a personality dimension as a personal 
factor (Fig. 55.2).

55.5.3	 �Stage Models

Stage models provide a succession of emotions 
and attitudes occurring following sport injury. At 
the beginning, authors defend five different 
stages: denial, anger, bargaining, depression, and 
acceptance [32].

More recently, O’Connor et al. [1] have pro-
posed the “affective cycle of injury” that includes 
three different responses to injury: denial, dis-
tress, and determined coping, as a more flexible 
and general way.

By denying, the athlete refuses and negates the 
consequences, the severity, and the impact of the 
injury on quality of life. Normally this stage occurs 
at the beginning of rehabilitation, and it’s adaptive 
to the injury. If it persists during the following 
stages, the psychological intervention is required.

Negative emotions such as anxiety, depres-
sion, anger, fear, and feeling of loss contribute to 
distress stage. Despite being more common at the 
earlier stages of rehabilitation, distress may occur 
during the later stage because of the frustration of 
recovery against the desire to return to sport.

After a passive attitude, the athlete starts to cope 
with the new situation by evaluating resources, set-
ting realistic goals, maintaining commitment, and 
cooperating with the staff. Determined coping 
occurs generally at the latter stages of the rehabili-
tation, when the athlete has overcome denial and 
has become able to manage distress.

Emotional response to injury may change dur-
ing a month, a week, and also in the course of the 
day [30].

55.5.4	 �Motivation-Based Models

Motivation is an essential aspect influencing on 
successful recovery process [33], and it could be 
divided into internal and external motivation.

Agreeing to self-determination theory, there is 
a continuum from demotivation (lack of intention 
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to act) to intrinsic motivation (internal satisfaction). 
Between this continuum, there exist external 
factors (team influence, punishments, and rewards) 
that control athlete’s motivation and behaviors 
during the process. The highest level of self-deter-
mination is characterized by internally regulated 
behaviors translating intrinsic satisfaction and 
enjoyment in the performing action [30].

Another motivational-based model is the 
trans-contextual model [34], which explains how 
motivation is transferable from a context to 
another one and how sport motivation and injury 
rehabilitation are related. This relationship occurs 
in three different levels [35]: specific, contextual, 
and global.

The first considers that the athlete is autono-
mous and independent and enjoys exercising to 
succeed in the recovery process. At the contex-
tual motivation, social agents (coach, psycholo-
gist, teammates) influence the behavior of 
athletes. If injured athletes perceived autonomy 
support from them, they may increase their 
autonomous motivation in following the treat-
ment. At a global level, specific and contextual 
motivations are presented, and the causality ori-
entation of the athlete determines their type of 
motivation for the rehabilitation.

According to the type of motivation, a differ-
ent reaction to the treatment occurs in terms of 
commitment, persistence, and satisfaction [30].

55.6	 �Psychological Skills

A variety of psychological strategies may be 
useful during the rehabilitation and in the reentry 
period. Santi and Pietrantoni [30] describe 
different types of interventions: educational 
interventions, goal setting, imagery, self-talk, 
biofeedback, and social support-based interven-
tions. Relaxation is another cognitive strategy 
that has been used to reduce stress, anxiety, and 
mental/physical strain [36].

According to the models previously presented, 
we can intervene on cognitive appraisal of ath-
letes through self-talk, but also providing them 
biological information and feedback about their 
recovery. Emotions can be managed through edu-

cation and imagery. Finally athletes’ motivation 
may be enhanced by intervening directly on the 
athlete through goal setting or with the provision 
of social support [30].

These techniques can be provided and edu-
cated during rehabilitation to help the athlete 
cope with pain, anxiety, and negative and irratio-
nal thinking and to maintain or regain motivation 
and compliance [37].

The use of psychological skills training during 
rehabilitation from the sport injury has been 
found to be beneficial during the recovery.

55.6.1	 �Educational Intervention

Research has shown how the athletes do not have 
a clear vision of the rehabilitation process imme-
diately after the injury, and this can determine 
negative emotion and demotivation. On the other 
hand, an athlete that has shown better knowledge 
of the rehabilitation process is more realistic 
toward their situation reducing depressive symp-
toms [38].

The injured athletes often have irrational 
thoughts about their injury: some injured athletes 
tend to either exaggerate the extent of their injury 
or downplay it [36]. To minimize the risk for this 
to happen, it is important that the medical staff 
educates the athlete realistically about the injury, 
rehabilitation process, and prognosis [18].

55.6.2	 �Goal Setting

Setting goals determines an enhancement in moti-
vation and commitment and provides a direction in 
order to optimize the recovery. The goal setting 
should include short-term, medium-term, and 
long-term goals depending on the injury severity 
and the prognosis of it. The goals set should be 
specific, measurable, acceptable, realistic, time 
based, evaluated, and recorded [37]. A goal setting 
satisfies the need for athletes, coaches, and other 
sport professionals to manage the return to sport, 
avoiding unrealistic goals and overexpectations. 
An effective goal setting reduces athletes’ anxiety 
and improves their self-confidence. As a result, the 

55  Psychology Help in the Injured Player



648

athlete adheres more to the program and perceives 
the treatment as more effective [39].

55.6.3	 �Imagery

This specific technique is used to create mental 
images, feelings, and sensations related to a 
desired outcome that is happening now or has 
already happened. Imagery can be an audio, kin-
esthetic, smell, and taste experience, divided in 
internal (the athlete feels inside) or external (the 
athlete views oneself from outside). By using all 
senses, mentally and physically, the athlete 
rehearses the desired state [18].

Research has shown how athletes adopting 
this technique during the rehabilitation have a 
better return to the competition [40].

55.6.4	 �Self-Talk

Athletes are used to battle with their feelings dur-
ing the games and competitions and trying to set 
their feelings on optimal level for their best per-
formance [18].

This kind of inner conversation is called self-
talk as a psychological technique, and it is an 
active process, which can be affected. Self-talk 
influences a person’s thoughts which are linked 
to one’s emotions.

The process of changing the negative thoughts 
to positive is called thought stopping, and, as the 
name tells, it involves stopping the negative 
thoughts and replacing them with positive ones 
using a mental cue [36].

Naoi and Ostrow [6] propose a protocol for 
the implementation of these cognitive interven-
tions following sport injury:

	1.	 Expressing feelings and thoughts  – in this 
phase the psychologist uses techniques such as 
active listening, reflection, and clarification

	2.	 Identifying negative thoughts  – athletes are 
asked to write down or talk about their 
thoughts and identify the negative ones

	3.	 Looking in a positive light  – athletes try to 
find positive aspects of the injury, and the 

psychologist helps them in providing exam-
ples and changing them into positive ones

	4.	 Selecting statement  – athletes identify three 
positive thoughts and write them on a paper

	5.	 Reading statements  – athletes read the three 
positive thoughts to the researcher, and after 
this they practice self-talk

	6.	 Maintaining – participants keep the paper and 
should read and repeat to themselves at least 
once a day; they should also monitor their 
thoughts during the following sessions

55.6.5	 �Biofeedback

Biofeedback interventions are based on the use of 
computerized equipment, which provides imme-
diate feedbacks.

In a biofeedback intervention, sensors are 
applied on the person and send signals to a com-
puter. The computer receives signals and gives 
information to the athlete about his/her physio-
logical functions, such as electromyography 
(EMG), heart rate, skin conductance, or blood 
pressure. The psychologist, the physiotherapist, 
or the coach may mediate the information and 
help the athlete in the interpretation [41].

Making athletes aware of their own physiologi-
cal state may change their interpretation of symp-
toms. A similar change in cognitive appraisal affects 
emotional and behavioral responses and may 
improve athletes’ health and performance [42].

In the specific context of sport injury rehabili-
tation, biofeedback is helpful because it provides 
athletes with information that can make them 
more self-confident and reduce their anxiety and 
negative thoughts about the return [28].

55.6.6	 �Relaxation

By increasing the athletes’ awareness of their 
physiological and psychological arousal level, 
relaxation techniques can help injured athletes 
regulate their levels of arousal for achieving opti-
mal outcomes [22].

The skill of relaxation gives the athlete a 
change control over one’s own mind and thoughts 
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[18]. Evidence showed that relaxation can reduce 
the feelings of depression, frustration, and anger 
through lowering heart rate, breathing rate, meta-
bolic rate, and blood pressure [36].

Other benefits for relaxation are, for example, 
an increased ability to focus, stress relief, and 
decreased sleeping problems [18].

55.6.7	 �Social Support

Support interventions are based on the assumption 
that an increased support reduces the perception of 
negative psychological or physical symptoms 
through the enhancement of coping strategies. 
According to the hierarchical model of motivation 
[34, 35], motivation derived from social context 
influences the motivation of injured athletes.

When it comes to training and competition, 
having the support of family, friends, and team-
mates may just be an athlete’s secret weapon to 
improving sports success and performance.

Social support can be from a family member, 
a friend, a teammate, a physiotherapist, and the 
coach which usually are called the “significant 
others” [18].

According to the existent literature, we can 
distinguish four types of support: emotional, 
instrumental (tangible aid), informational (pro-
viding information), and appraisal (evaluating 
the situation) [43].

In Udry’s research [44], the patients have indi-
cated three types of social support to be salient: 
emotional support, informational support, and 
tangible support.

	1.	 Emotional support includes expressions of 
concern, empathy, niceness, and behaviors 
such as listening, physical presence, etc

	2.	 Informational support is defined as informa-
tion provision in an attempt to help individuals 
engage in problem-solving efforts and includes 
the provision of sound technical information

	3.	 Tangible support includes effective practical 
assistance and the provision of technically 
competent medical care

For the social support to be effective, the right 
type of support has to be provided at the right 

times. In the first stages of the injury, the athlete 
usually needs mostly emotional support, and over 
time informational and tangible support are more 
expected [18].

Emotional and instrumental support is mainly 
provided by family and friends, an essential part 
of the injured athlete’s social network [43].

The role of the teammates can vary from mini-
mal to profound, depending, for example, on the 
time of the injury in relation to the competitive 
season [44]. Teammates can be an important 
source of all types of social support (emotional, 
informational, and tangible) [18]. In order to 
enhance peer support, it is possible to organize 
meetings among athletes. During these meetings, 
injured athletes may discuss about their feelings, 
concerns, and ways to cope with the stress [30].

The physiotherapists have an essential role in 
sport injury rehabilitation, obviously physiologi-
cally, but also psychologically [18].

The physiotherapist should be trained on mul-
tiple areas and should have an under-standing of 
the principles of physical therapy, biomechanics, 
psychology, exercise prescription, and nutrition.

The coach’s role in an athlete’s life is very rel-
evant in helping the athlete in the recovery pro-
cess [18].

The other sports medicine personnel involved in 
the rehabilitation process can act in order to [14]:

•	 Educate and inform the athlete about the 
injury and recuperation process

•	 Use appropriate motivation
•	 Demonstrate empathy and support
•	 Have a supportive personality (warm and open 

and does not exaggerate confidence)
•	 Foster positive interaction and customize 

training
•	 Demonstrate competence and confidence
•	 Encourage the athlete’s confidence

Social support-based interventions have dif-
ferent effects depending on the source and type 
of support [30]. For example, emotional support 
provided by family, physiotherapist, and others 
has an effect in reducing depression; instead 
informational support reduces anxiety and 
increases self-confidence. Finally, appraisal 
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support provided by other injured athletes 
determines an enhancement in coping strategies, 
treatment motivation and satisfaction, and a 
reduced fear of reinjury [22, 43].

One of the toughest things for an injured ath-
lete to deal with is the self-expectations and also 
with the expectations from others (family, train-
ers, managers, teammates, supporters, and 
friends) about his recovery and returning to prac-
tices and competitions.

�Conclusion

The injury is usually seen as a physical prob-
lem which starts from the occurrence of injury 
and ends when the athlete is back in “busi-
ness,” playing and competing. Additionally 
the injury can affect also athlete’s emotions, 
behavior, social contacts, and even values in 
life [18]. With changes in daily routine, a 
decrease in sources of pleasure and modifica-
tions in team participation, the athlete may 
question their self-identity. To help prevent 
loss of identity when injury occurs, the par-
ents, coaches, and training staff should help 
athletes recognize other strengths in addition 
to their athletic skills [44].

Increasing attention has been given to the 
development and implementation of psycho-
logical interventions during the sport injury 
rehabilitation process in recent years [45].

Recent researches about the successful 
rehabilitation of injured athletes indicate that 
psychological skills are not only important but 
essential during the rehabilitation of injured 
athletes [46–48]. Moreover the athletes should 
be willing to listen, to maintain a positive atti-
tude, and to be intrinsically motivated and 
willing to learn about the injury and rehabili-
tation techniques. On the other hand, the role 
of the psychologist is to improve athlete’s 
communication skills, keep them involved 
with their team and coaches, and help them in 
setting realistic goals [49].

As more people involved in athletics recog-
nize the importance of sport psychology, they 
could help erase the stigma surrounding psy-
chological help. A more inclusive approach 
may encourage athletes to face the emotional 

challenges that come along with athletic injury 
and, consequently, rehabilitation could be 
expedited [50].
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56.1	 �Sex Before Games? An Old 
Taboo or Maybe Not!

Since many decades, this controversy involves 
coaches, sport physicians, physical trainers, and 
players. But is this a myth or a reality? As health-
care providers, how can we advise athletes con-
cerning sex before the big game? As we are not 
actually ready to answer this question on 
evidence-based medicine, we must ask at this 
point: IS IT GOOD, OR IS IT BAD? Let us take 
a look at some testimonies.

NO TO SEX – According to Plato, “Olympians 
should avoid sex before competition.” This is the 
oldest written testimony. Antonio Miguel, former 
football player and Head of Medical Services of 
Club Universidad Nacional Plumas (Mexican 
football first division), says “In the ‘60s coaches 
gave us potassium nitrate because (according to 
them), this would inhibit the sexual desire, which 
made it widely used in prisons, convents, bar-
racks and similar. However, there is no scientific 
evidence for such properties.” Also, the all-
powerful boxer Muhammad Ali (Cassius Clay) 
claimed that “Sex before competition zaps 
energy. I would not make love for six weeks 
before a fight.”

IS IT??
YES TO SEX – According to Edson Arantes 

do Nascimento (Pelé), considered by many as the 
best football player ever lived, the testimony 
could not be so opposite: “I never suspended 
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sexual encounters with my wife before a game. 
That thing about sex helping to relax is a verified 
truth.” Juan Carlos Medina, general coordinator 
of the sports department (Tecnológico de 
Monterrey University), says that “Sex helps you 
feel relaxed. This reduces the anxiety levels 
before the big match.” The Netherlands National 
Football Team (1978 World Cup in Argentina) is 
an example of this. “Some of those players were 
accompanied by their wifes, and they won the 
second place… I am not saying this is a determi-
nant factor, but it brings support.” George Best – 
the “greatest player to ever pull on the green shirt 
of Northern Ireland” – used to say, “Sex is good? 
If the scientists say so, then it must be right. Sex 
the night before a match is a routine for me. It 
certainly didn’t do me any harm.”

After all, WHO IS RIGHT?
Well, if it was so bad, why did the 

INTERNATIONAL OLYMPIC COMMITTEE 
distribut 150,000 condoms to athletes competing 
in London 2012??? AT LEAST THEY BELIEVE 
IN SAFE SEX – a wonderful healthcare move!!!

Anyway, the fact is that some athletes admit-
ted that the Olympics are not only a stage for 
world records and medals. In the Olympic 
Village, sexual relationships ARE COMMON 
among competitors (quite a different story com-
pared to previous decades). BUT, one-night 
stands could alter a player’s performance because 
these emotional situations wear you out more 
than physical ones.

BUT IS IT ALL A QUESTION OF 
EMOTIONS?????????

Probably not, because according to Casey 
Stengel (legendary New York Yankees manager), 
“It is not the sex that wrecks this guys, it’s stay-
ing up all night looking for it.”

As John Bancroft (former director of the 
Kinsey Institute for Research in Sex, Gender, and 
Reproduction) said, “Having sex the night before 
a big match does not harm your sporting perfor-
mance.” “There is no physiological basis for bad 
news in the day after.” “Well, there is always a 
refractory period….” Let us analyze this more 
carefully.

The fact is that having sex the night before 
competition does not alter physiological testing 

results: indeed measuring maximum effort grip 
strength test the morning after coitus and per-
forming the same test following 6 days of absti-
nence show that STRENGTH and ENDURANCE 
of the palmar flexing muscles are not adversely 
affected by sex the previous night [1]. In the same 
way, by performing other tests in the same sce-
nario such as balance, lateral movement, reaction 
time, aerobic power (stair-climbing exercise), 
and treadmill test, there was NO change after 
sexual activity. In fact, sex before the game had 
no effect on endurance to exhaustion on a tread-
mill. Considering that normal sexual intercourse 
between married partners expends about 25–50 
calories (the energy equivalent of walking up two 
flights of stairs that can be restored by eating a 
chocolate bar), it is doubtful that sex the previous 
night would affect laboratory physiological per-
formance tests [2, 3].

However, there is a need to control factors 
related to sexual behavior: we need to pay atten-
tion to the time of day, frequency, and duration of 
sexual activity, diet, fatigue, stress, and individ-
ual responses. AND NEVER FORGET that heart 
rate and blood pressure responses are different if 
sex is with a spouse of 5–10 years, compared to a 
new partner or in strange surroundings [4].

This leads again to:

–– Casey Stengel (legendary New York Yankees 
manager): “These the sex that wrecks this 
guys, it’s staying up all night looking for it.”

According to Maria Cristina (Director of 
Sports Medicine  – National Autonomous 
University of Mexico), “consumption of alcohol 
or cigarettes or lack of sleep, which sometimes 
accompanies sexual activity, does affect athletes’ 
performance.” MODERATION is the key: “every 
athlete or player, professional or amateur, can 
have sex as long as he or she goes to bed early, 
hydrates, avoids mood altering drinks and ciga-
rettes, because all this has a negative impact on 
their body.” WISE words.

So, it looks that a steady partner could be a 
better choice in the day before the game. Well, 
that is understandable, but even with that one, be 
careful with what you wish for, because as writ-

P. Vendeira



655

ten by Ian Kerner (sexual counselor and New York 
Times best-selling author of numerous books), 
“one of the reasons why many athletes abstain 
(and they should do so…) from sex the night 
before the game is not because of the sex itself, 
but because of everything that happens around it: 
partying, dancing, eating, drinking, smoking,… 
There’s nothing wrong with some good healthy 
comfort sex, but you have to be make sure to hit 
the sack and get a good night’s sleep afterwards.” 
Even with a steady partner, the day before might 
become quite “explosive.”

Nevertheless, we should not separate physiol-
ogy from psychology because they cannot live 
one without the other. According to Dan Trink 
(strength coach, personal trainer, fitness writer 
and nutritional consultant, and director of per-
sonal training operations at Peak Performance in 
NYC), “There is one factor that will trump all oth-
ers when it comes to performance – his Mindset. 
If an athlete thinks that sex will have a negative 
effect on his game, it certainly will. Just as the 
athlete thinks that tying his shoes three times 
while standing on a bench wearing his favorite 
blue socks will improve his game, that probably 
will as well. Ultimately, it is the BRAIN that is the 
most important factor.” SO, THE BRAIN…

When talking about the brain, we need to 
stress the calming effect of orgasm – it is unlikely 
to be physical exhaustion; instead PROLACTIN 
might be involved – it peaks a couple of hours 
after sex.

What about effects in alertness and aggres-
sion? These can affect the game performance, so 
orgasm could be harmful!!! According to 
McGlone and Shrier [4], “there is an optimal 
level of alert-ness/anxiety before a competition, 
and a poor performance will result from either 
being too anxious or not alert enough. If athletes 
are too anxious and restless the night before an 
event, then sex may be a relaxing distraction. If 
they are already relaxed or, like some athletes, 
have little interest in sex the night before the 
game, then a good night sleep is all they need. 
Individual preferences and routines should be 
respected. The night before is not a good time for 
drastic routine changes.”

“Consistency is the key.”

Let us go back to John Bancroft, and “Well, 
there is always a refractory period….”

The refractory period that follows orgasm may 
be as little as 20 min for a teenager, but up to 24 h 
for a man in late middle age. Given that profes-
sional footballers are physically fit (and presum-
ably are not having sex 2 h before the game), any 
associated excessive calm is unlikely to be an issue. 
In fact, if male orgasm induces a state of calm and 
relaxation (which accounts for men’s infamous 
tendency to smoke a cigarette, roll over, and fall 
asleep straight afterward), there is no evidence that 
this state would last until the following day [5].

What about physiology with psychology with 
hormones? It is classically known and accepted 
that testosterone is the hormone of both sexual 
desire and “aggression.” Abstinence before the 
game stems from the theory that sexual “frustra-
tion” leads to increased aggression and that the 
act of ejaculation draws testosterone from the 
body, weakening the muscles. That is why absti-
nence could also help concentration.

So, the conclusion:
Sex will make you tired and weak the next day.

•	 This is a really wrong idea.

According to Emmanuele Jannini (Professor 
of Endocrinology, University of L’Aquila, Italy), 
“After 3 months without sex, which is not so 
uncommon for some athletes, testosterone dra-
matically drops” and “having sex boosts testos-
terone production in men, which could give guys 
an athletic edge.” That is why “scientific studies 
dismiss the idea that sex before the game has a 
tiring effect on the athlete or that it could weaken 
the athlete’s muscles.” Moreover, in women, 
“orgasm blocks the release of a neuropeptide 
(substance P), that acts as a pain transmitter – sex 
might combat muscle pain in ladies.” This is 
really good news, but as stated by Jannini (per-
sonal communication), “Some personalities need 
more concentration… In this case sex may be a 
bad idea.” However, “for other athletes a bit of 
“extra-aggression” could be the difference 
between winning or losing. In this case, I would 
suggest a complete and satisfactory sexual inter-
course the evening before the game.”
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The unquestionable issue is that testosterone 
levels are known to be higher in men who are 
sexually active. If you believe that testosterone is 
good for the game, then you need to pick your 
own assumptions.

Finishing with the start, we noticed different 
testimonies and some evidence concerning sex 
before the big game. No truth is certain. As a kind 
of take-home messages, I would stress that:

–– People who have healthy sex lives end up hav-
ing more confidence and self-esteem and 
doing better at work

–– Sex must never be prohibited to athletes, 
because there are no evidence-based studies 
supporting abstinence before the game

•	 (IN A PROPER SETTING) Consistency and 
moderation are the keys

•	 Sex boosts testosterone production which 
could give guys an athletic edge

•	 Always respect not to have sexual intercourse 
2 h before a competition event
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57.1	 �Introduction

Disease of cartilage in its many presentations 
constitutes the condition that most often affects 
human joints [1]. Knee arthroscopy is still the 
most frequent surgical procedure in orthopedics 
and chondral (CD) or osteochondral (OC) 
defects and is observed in more than half of all 
knees submitted to arthroscopy [2, 3]. The high 
occurrence of these conditions, which many 
times result in functional disability, absence 
from work, and/or implications in other comor-
bidities, obviously creates a high socioeconomic 
impact [4]. Another aspect is that younger peo-
ple increasingly adopt lifestyles which are phys-
ically demanding and these inevitably increase 
the risk of injury [5]. Pivoting sports are consid-
ered as a risk factor for OC defects [6, 7].

Additionally, the increasing human longevity 
also leads to higher frequency of cartilage degen-
erative conditions [5]. Degenerative changes are 
one of the causes of CD or OC defects and, in 
weight-bearing joints and limb alignment, are 
considered to play a role given the implication in 
joint biomechanics [8].

The clinical consequences resulting from 
articular cartilage defects are pain, swelling, 
mechanical symptoms, functional disability, and 
subsequent progression for osteoarthritis (OA) [9].

The effectiveness of “classic” therapeutic 
approaches for symptomatic cartilage defects is 
not always high or is debatable in incongruent 
joints (e.g., the knee) [10] or more congruent 
joints (e.g., the ankle) [11].

Moreover, it is recognized by the clinical com-
munity that hyaline cartilage has limited healing 
capacity regardless of the biomechanical or 
humoral environment [10].

57.2	 �Hyaline Cartilage 
Pathophysiology

The main functions of hyaline cartilage are 
related to facilitating joint motion by lowering 
either friction or shock absorption (dissipating 
the energy transmitted to the underlying sub-
chondral bone) [12, 13]. The viscoelasticity of 
this tissue enables variable load transmission 
throughout the arch of movement [9].

The ultrastructure architecture of this tissue 
constitutes an adaptation to perform these func-
tions. Its main constitutes are water (65–80%), 
extracellular matrix (ECM), and cells.

The main component of ECM is collagen 
fibers, mainly of type II. However, collagen types 
V, VI, IX, X, and XI can also be identified. A 
lattice-type framework combines collagen fibers 
with proteoglycans and hyaluronic acid. This 
complex framework is responsible for the unique 
biomechanical properties of articular (hyaline) 
cartilage [14]. Other proteins have been identi-
fied such as biglycan, decorin, fibromodulin, 
fibronectin, other link proteins, and also lipids 
[12]. The cellular component is the chondrocyte 
(2% of total volume), which is responsible for the 
synthesis of the ECM.  These cells derive from 
mesenchymal stem cells. Hyaline cartilage is 
described as avascular and lacks innervation and 
thus has limited capacity to activate inflamma-
tory response. Hyaline cartilage has been classi-
cally described in four different layers according 
to organization and composition: the tangential 
zone, intermediate zone, calcified layer, the tide-
mark, and the subchondral bone [15]. Together 
they form the cartilage unit.

Interest has been increasing about the interac-
tions between cartilage and subchondral bone 
recognizing that this represents one single func-
tional osteochondral unit [16].

Cartilage defects might originate in the super-
ficial layer of cartilage and progress toward 
deeper zones. However, some conditions (e.g., 
osteochondritis dissecans – OCD) can originate 
in the subchondral bone and only secondarily 
affect the overlying cartilage.

In an attempt to classify and stratify the treat-
ment options, several scores have been proposed 
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based on the extension of the lesion. These 
include magnetic resonance imaging (MRI) [17], 
the histological International Cartilage Research 
Society (ICRS) grading system [18], and the 
most widely accepted Outerbridge articular carti-
lage lesion classification system based on 
arthroscopic findings [19–21].

The Outerbridge system characterizes changes 
into grades, with grade 0 as normal, grade I as 
softening, grade II as fibrillation, grade III as 
fissuring, and grade IV as reaching the depth of 
bone.

The key role of the subchondral bone consti-
tutes the primary support for one important group 
of surgical techniques aiming to repair OC 
defects by bone marrow stimulation techniques. 
In response to an “aggression,” the subchondral 
bone response initiates through hematoma, stem 
cell migration, and neovascular ingrowth. This 
basic mechanism is capable of producing a repair 
tissue, which is different from hyaline cartilage 
once its main constituent is collagen type I and 
has lower mechanical properties. So, all these 
techniques ultimately originate tissue that is 
poorer than the original.

One of the current challenges presented to sur-
geons and researchers is trying to influence this 
process to stimulate cells, fine-tune the role of 
growth factors (GFs), and ultimately obtain a 

more effective matrix with mechanical properties 
similar to those of hyaline cartilage.

So, historically the first attempts to treat for 
OC defects included joint lavage [22] and 
debridement [23], augmentation procedures 
including Pridie’s perforations [24], and micro-
fractures (Fig. 57.1) [25, 26].

Since the early 1990s, a mosaicplasty technique 
has been developed by Hangody et al. [27, 28] as a 
method to provide autologous cartilage and under-
lying bone to damaged areas. However, some con-
cerns have been raised concerning donor zone 
complications [29–32].

More recently, several methods have been 
proposed and are still under investigation includ-
ing advanced regenerative medicine approaches 
using cells [33–38], gene therapy [36, 39], and 
GFs [40] for treatment of the challenging OC 
defects (Fig. 57.2).

Conservative treatment still has a role as the 
initial treatment for most patients, and most often 
surgery is proposed only after failure of the for-
mer. Nonoperative treatment includes nonsteroi-
dal anti-inflammatory drugs, analgesics, rest, 
cryotherapy, physiotherapy, and dietary supple-
ments (glucosamine, chondroitin, omega-3, etc.), 
isolated or combined [9, 20].

Nowadays, we have been assisting toward the 
emergence of nonoperative therapies, which are 

a b

Fig. 57.1  (a) Arthroscopic views showing extensive OC defect on medial femoral condyle of the knee. (b) Blood com-
ing out of microfracture holes bringing MSCs upon tourniquet opening
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able to induce body self-repair and recovery from 
injuries. These therapies use hyaluronic acid 
(HA) injections, mesenchymal stem cell injec-
tion, platelet-rich plasma (PRP), serum injection, 
and amniotic tissue, alone or in combination. All 
these treatments are grouped into a new therapy 
named autologous regenerative therapies giving 
rise to a new therapeutic field named orthobio-
logics [17]. The fundamentals of OC tissue and 
the most recent developments, important basic 
studies, and use of orthobiologics in the clinics 
will be overviewed herein.

57.3	 �Osteochondral Tissue: 
Fundamentals on Anatomy 
and Physiology

The OC tissue has the articular cartilage layer as 
the foremost region of the joint, a highly flexible 
and supportive tissue. The unique features of car-
tilage tissue limit its self-renewal capabilities due 
to lack of vascularization and innervation [41]. 
Remodeling is rarely seen in cartilage due to low 
cell number and low metabolic activity of chon-
drocytes especially mature cells which produce 
little ECM [42, 43]. The cartilage is present in 
three different types in the body: hyaline carti-

lage, fibrocartilage, and elastic cartilage, the pre-
dominant one being hyaline cartilage which is 
also called articular cartilage. It is mostly com-
posed of water, collagen, proteoglycans (PGs), 
proteins, and chondrocytes. Cartilaginous tissue 
fulfills a supportive role mainly due to its capac-
ity to withstand high compressive loads. This 
behavior is intrinsically related to the ECM com-
position. The glycosaminoglycans (GAGs) 
attached to the PGs give a strongly negative 
charge to the ECM.  In this way, osmotically 
active cations are attracted, leading to the 
entrance of water into the ECM.  The intricate 
ECM network in articular cartilage is structured 
by the presence of collagen type II intertwining 
chondroitin, keratin sulfate (GAGs), and aggre-
can (PG). The collagen type II fibrils improve the 
structure and the elastic strength of the cartilage. 
It is also believed that the existence of collagen 
type X is responsible for the process of mineral-
ization happening at the interface between carti-
lage and bone. The overall cartilaginous tissue is 
formed by the same components. However, its 
assembly and concentrations vary in different 
cartilage zones. There are four different zones: 
superficial, middle, deep (or calcified), and sub-
chondral bone. The presence of this calcified 
zone between is responsible for connecting the 

Fig. 57.2  MRI T2 images showing OC defect on the distal tibia with bone cysts formation
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innermost cartilage layer and subchondral bone 
layer [44].

The OC tissue presents an inner region named 
the subchondral bone. This is the zone underlying 
the calcified cartilage zone and is composed of the 
lamella and the trabeculae [45]. The lamella can 
also be called the subchondral bone plate, and it is 
the marked zone that separates the two regions 
(cartilage and subchondral bone). There is a solid 
mass of bone underneath, defined as trabeculae. 
This zone is highly vascularized, and the nutrients 
exchanged here are utilized by both articular car-
tilage and subchondral bone. Apart from serving 
as an anchorage site to collagen fibrils, the other 
important roles of subchondral bone are absorp-
tion and support joint shape [46].

Damage to the articular cartilage and subse-
quent progression of OC defects (including 
OCD) and progressive OA are pathological con-
ditions resulting in the loss of joint function. The 
ECM suffers a destabilization of supramolecular 
structures affecting collagen expression and 
molecular secretion [47].

57.4	 �Orthobiologics: Emerging 
Field in Sport Injury 
Treatments

Football is the most popular sport in the world 
either at amateur or professional level [48]. It is 
estimated that, worldwide, around 200 million 
individuals are active football players. But it is 
associated with a high risk of injury presenting 
13–35 injuries per 1000 h of competition on the 
field [49]. Unfortunately, there is a lack of 
detailed information about football-related injury 
as to risk prevention, mechanisms, severity of 
injuries, and the resulting time lost to play while 
players recover [50, 51]. In addition, no consen-
sus exists about study design, data collection, and 
pathological definitions in the epidemiological 
studies of football injuries to date [51]. For these 
reasons, epidemiological research should be car-
ried out to devise preventive measures [52].

Over the last 20 years, a new era of medicine 
has been receiving a lot of attention among clini-
cians. Orthobiologics is an emergent field in med-
icine, which has a specific emphasis on tissue’s 

healing. As previously mentioned, orthobiologics 
uses autologous therapies to modulate cell signal-
ing allowing the acceleration of healing process. 
Sports medicine had helped to bring orthobiolog-
ics into the current medical practice. It can be 
attempted as cellular therapies; however, there 
was a paradigm shift in treatment design where no 
longer this treatments concern the temporary 
management of the pathology. Orthobiologics is 
somewhere in between conservative and surgical 
methods, and so far it has faced three evolutions 
over the years. Viscosupplementation, which con-
cerns hyaluronic acid injections, was the first gen-
eration. The treatment was first applied in 1997 to 
relieve patients from the pain symptoms of 
OA.  The outcome was satisfactory, and, unlike 
oral drug administration (NSAID), viscosupple-
mentation was able to diminish patient’s pain.

The first usage of PRP in sport medics reports 
to 2006. Some year after viscosupplementation 
usage, PRP appear as a second generation in 
orthobiologics. Ferrari et al. [53] was the first to 
use PRP in an open heart surgery. Unlike visco-
supplementation, PRP is an autologous therapy 
and is performed to stimulate a supraphysiologic 
response in the body. PRP function as an enriched 
cocktail of bioactive proteins. The third genera-
tion in orthobiologics reports the use of mesen-
chymal stem cells, either from different sources 
such as embryonic, bone marrow, adipose, etc. 
Bone marrow-derived concentrate (BMDC) is 
often used in clinics, and it is a mixture of mesen-
chymal stem cell, hematopoietic cells, platelet, 
and cytokine involved in the regenerative poten-
tial of healing [54].

Currently, most of the orthobiologics studies 
carried out present considerable outcome hetero-
geneity, mostly being nonrandomized and non-
well classified. So, there is still the need to pursue 
research in a more controlled manner to achieve 
orthobiologics strategies that are more feasible.

57.5	 �Hyaluronic Acid

HA injection at the site of lesion appears as a con-
servative method to treat OC lesions [55]. HA is a 
high molecular weight and anionic biopolysac-
charide [56], discovered in 1934, by Karl Meyer 
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and his assistant John Palmerin [55]. The first 
medical HA application in humans was in the vit-
reous substitution/replacement procedure during 
bovine eye surgery, in the late 1950s [55]. 
Viscosupplementation (VS) came into clinical use 
in Japan and Italy in 1987 and in Canada in 1992, 
but in Europe and the USA, it was adopted in the 
second half of the 1990s. VS is the intra-articular 
administration of a high viscoelastic fluid into the 
synovial joint to reproduce and repair the rheo-
logical proprieties of the synovial fluid. VS can 
enhance the vital joint lubrication and shock 
absorption ability, essential functions for mobility 
improvements and pain relief. All products avail-
able on the market for VS are based on HA, a high 
molecular weight (105–107 Da) and unbranched 
glycosaminoglycan that can be found in the extra-
cellular matrix of human tissue. While HA is used 
clinically, its functions are not fully known [57]. 
Chondroprotective effects of HA, observed 
in  vivo, might explain the beneficial long-term 
effects on articular cartilage. HA also reduces 
pain-associated nerve impulses and sensitivity. 
HA is a free, non-sulfated, and negatively charged 
glycosaminoglycan (GAG) capable of interacting 
with receptors and ECM proteins [58]. HA can be 
derived from different sources such as rooster 
combs, bacterial production, and either animal or 
human sources [59]. Its properties (e.g., rheologi-
cal properties) depend on its source. Nevertheless, 
HA presents high viscosity, is a water-soluble 
polymer, and has specific enzymatic degradation. 
Low and high molecular weight are the two forms 
of HA, differing in chain length (≤2 × 106 Da and 
2 × 106–≥4 × 106 Da, respectively). Structural and 
biological functions of HA are mainly chain size-
related to its chains as suggested by Stern et al. 
[60, 61]. The interactions between tissues and HA 
occur through hyaladherins. Essential functions 
such as cell communication, motility, and mor-
phogenesis occur due to interactions between 
hyaladherins and tissue receptor. These interac-
tions occur through specific receptors, mainly 
CD44 and RHAMM, at the cell surface. The high 
molecular weight hyaluronic acid (HMWHA) 
molecule plays a structural role because it is able 
to bind 10–10,000 times its weight in water [60, 
62, 63]. Thus, being osmotically active in a com-
pletely hydrated state, it is able to fill the space 

and act as a shock absorber as well as a lubricant. 
From a biological point of view, the HMW chains 
are anti-angiogenic and anti-inflammatory and 
possess immunosuppressive capacities [64, 65]. 
Many studies have reported a decrease in the 
inflammatory response and apoptosis through the 
downregulation of a number of factors responsi-
ble for ECM. These results suggest that HMWHA 
impairs the phenomena of phagocytosis, macro-
phage activation, and inflammatory cytokines 
production. However, HMWHA chains can break 
down into low molecular weight chains 
(LMWHA), which are found to have a pro-inflam-
matory effect. These fragments have been shown 
to secrete inflammatory cytokines and stimulate 
angiogenesis and tissue remodeling after activa-
tion of endogenous signaling pathways. They can 
promote the activation and maturation of dendritic 
cells and the release of pro-inflammatory cyto-
kines [61, 65, 66]. Molecular changes in the ECM 
of damaged joints alter the composition and struc-
ture of natural HA. Along with molecule secretion 
and tissue remodeling, the development of pathol-
ogies also occurs [60].

HA injection, also known as viscosupplemen-
tation, appears to be a conservative method to 
improve the biomechanical function of the joint 
mainly due to HA physicochemical characteris-
tics (i.e., hydrogel state) [67, 68]. HA is a gel-like 
constituent injected in the joint intra-articular 
cavity guided by ultrasound or X-ray fluoros-
copy. It is thought that HA acts as a lubricant pro-
viding a cushion effect at the joint. However, the 
biological mechanism behind this role in carti-
lage repair remains poorly understood in medical 
community [69].

Positive effects of HA intra-articular injec-
tions are mainly reported in the management of 
osteoarthritis [70, 71]. Viscosupplementation is 
usually performed after surgical intervention to 
treat osteochondral lesions (knee and ankle) [72]. 
The Food and Drug Administration (FDA) regu-
lates the use of HA for intra-articular injection. 
Sodium hyaluronate, hylan G-F 20, and HMWHA 
have received approval for clinical injections, 
although the biological mechanism of HA is not 
fully explained. Thus, some studies strongly rec-
ommend the use of HMWHA to treat OC defects. 
However, a strong heterogeneity in studies is 
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found in clinics [73]. Nonetheless, some 
“off-label” (not FDA approved) HA has been 
used in clinical practice mainly for hip and knee 
OA treatments. Table 57.1 summarizes the rele-
vant reports that make use of HA for treating OC 
defects. The short duration of action, due to the 
rapid breakdown and reabsorption of HA, is a 
limitation in the intra-articular injections. HA has 
a half-life of 17 h after intra-articular injection. 
Systemic HA injection at end of surgery cannot 
be recommended, being poorly assessed and 
showing benefit that are short lived accordingly 
to the few published studies. It has already been 
mentioned in clinical trials that a combination of 
treatments is shown to be more effective than HA 
alone. Additionally, there is the need to develop 
sustained-release approaches.

57.6	 �Platelet-Rich Plasma (PRP)/
Growth Factors

The intrinsic physiological tissue remodeling 
and homeostasis is strongly influenced by GFs. 
GFs contribute to many processes such as che-
motaxis, differentiation, proliferation, and cellu-
lar responses in OC tissues (cartilage and bone 
tissue). Therefore, the use of autologous and 
recombinant GFs is emerging in orthopedics. 
The main objective is to manipulate GFs and 
secretory proteins aiming at both cartilage and 
bone repair.

Bone-derived growth factors (BMPs), mainly 
used for bone regeneration and autologous 
blood-derived growth factors (used for cartilage 
and soft tissue regeneration), are the most widely 

Table 57.1  Summary of studies using HA in the treatment of defects

Reference(s) OC defect
Enrolled 
sample nr Strategy applied Outcome measure

Follow-up 
timing

Hakshur [74] Knee-osteoarthritis 12 Debridement + HA 
injections (Euflexxa)

WOMAC
VAS
SF-36
KS

2, 14, 28 weeks

Kon [75] Knee cartilage 
degenerative lesions 
and osteoarthritis

150 Platelet-rich plasma + 
hyaluronic acid injections

IKDC
EQ VAS

2, 6 months

Doral [76] Talar osteochondral 
lesions

57 Microfracture technique 
+ hyaluronic acid 
injection

AOFAS
Freiburg 
functional
pain scores

1 and 2 years

Buda [77] Talar osteochondral 
lesion

64 Concentrated bone 
marrow-derived cells + 
scaffold (collagen 
powder or Hyaluronic 
acid membrane)

AOFAS 53 months

Giannini [78] Talar osteochondral 
lesion

49 Concentrated bone 
marrow-derived cells + 
scaffold (collagen 
powder or hyaluronic 
acid membrane)

AOFAS
MRI
radiography

4 years

Wong [79] Knees with cartilage 
defects

56 Microfracture + 
Autologous bone 
marrow-derived 
mesenchymal stem cell 
injections + Hyaluronic 
acid

Tegner
Lysholm
IDK
MRI
MOCART

6 months, 1, 2 
years

Mason [80] Talar dome
Full-thickness 
articular cartilage 
and subchondral 
bone

1 Cell-free 
chondroinductive implant 
(polyglycolic acid felt 
and hyaluronic acid)

_ 3 years
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used GFs in clinics. The GFs can mostly be 
obtained from patient’s own blood (autologous), 
and they become available after the platelet-
activation procedure and are thus called PRP. 
The extensive clinical use of PRP (Table 57.2) 
for addressing OC lesions relies on its easy appli-
cation and low cost [81]. PRP is part of the 
patient’s blood plasma, composed of platelet 
concentrations above baseline. Normal platelet 
count ranges between 150,000 and 350,000 
platelets/μL of human blood [82]. Clinical stud-
ies have shown efficacy of PRP using concen-
trated platelets (4–5 times higher than normal 
blood). Thus, definition of PRP concerns a con-
centration of 106 platelets/μL. To our knowledge, 
there are no studies showing improvements when 
platelet concentrations are higher than 106. 
However, biological activity of various PRP 
preparations may vary in efficacy. In the existing 
literature, the use of different terminologies for 
PRP is often seen as plasma rich in platelets or 
plasma very rich in platelets, and it also can 
appear as preparation rich in growth factors or 
platelet lysates.

The natural healing process in any tissue 
encompasses three major phases: (1) acute inflam-
matory phase (platelet clot formation is seen, 
degranulation of growth factors occurs, coagula-
tion cascade is activated, and migration of granu-
locytes and macrophages occurs), (2) 
mesenchymal cell proliferation and differentia-
tion phase, and (3) tissue regeneration by specific 
cells. All the three phases of the inflammatory 
response are regulated mainly by the platelets 
[89]. The most important role is at the prolifera-
tion and differentiation phase. Platelets are derived 
from megakaryocytes which are small blood cells 
with a size between 1 and 3 μm. The presence of 
alpha-granules in megakaryocytes produces the 
GFs. More than 30 bioactive proteins are found in 
megakaryocytes and play an important role in tis-
sue homeostasis and healing processes. PRP, in 
different platelet-activation methods, are able to 
differentially produce growth factors [90].

Bioactive GF promotes a wide range of physi-
ological processes such as cell proliferation, dif-
ferentiation, and chemotaxis. In this way, it is 
understood that administration of PRP may 

Table 57.2  Summary of studies using platelet-rich plasma in the treatment of OC defects

Reference(s) OC defect
Enrolled sample 
nr (age/average) Strategy applied

Outcome 
measure Follow-up timing

Haleem [83] Full-thickness 
cartilage defect

5 Platelet-rich fibrin 
glue + autologous 
bone marrow 
mesenchymal stem 
cells

Lysholm
RHSSK
X-ray
MRO

1 year

Li [84] Knee articular 
cartilage 
degeneration

30 PRP injection
vs.
sodium hyaluronate

IKDC
WOMAC
Lequese

3, 4, 6 months

Mei-Dan 
[85]

Talar dome 
osteochondra lesions

32 PRP
vs.
HA

AOFAS
AHFS
VAS
stiffness/ 
function

28 weeks

Hart [86] Tibio-femoral 
cartilage defect

50 Concentrated 
autologous PRPP

Lysholm
Tegner
IKDC
Cincinnati 
scores

12 months

Eirale [87] Knee-acute medial 
collateral ligament 
injury

1 PRP injections Symptoms
function

18 days

Laver [88] High ankle sprain 16 Ultrasound-guided 
PRP injections

Subjective 
outcome

6 weeks
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improve healing through the action of growth 
factors and cytokines secreted from alpha-granules 
present in platelets. Tissue damage triggers a cas-
cade of molecules to promote self-repair. Platelet-
derived growth factor (PDGF), vascular endothelial 
growth factor (VEGF), transforming growth 
factor-β (TFG-β), fibroblast growth factor (FGF), 
and, more recently, connective tissue growth factor 
(CTGF) are all growth factors enriching the PRP 
environment to foster the regeneration of OC tis-
sues, cartilage, and bone [91].

PRP has been employed in a wide range of 
clinical applications such as orthopedics includ-
ing sports medicine. Many clinical questions still 
remain concerning the use of orthobiologics, HA, 
stem cells, and PRP/GF particularly regarding 
the therapy timing (when to start therapy and for 
how long), cell numbers, volume or dose, and 
frequency of treatment about which consensus in 
clinical practices has still not been reached.

57.7	 �Stem Cells

Large OC lesions (greater than 1 cm) cannot be 
addressed simply by means of using biomaterials. 
Stem cell-based therapies potentially allow treat-
ing these defects. Particular interest has arisen 
about MSCs due to their differentiation capacity 
toward mesodermal lineages [92]. The modula-
tion of adult MSC pathways can lead to chondro-, 
osteo- and adipogenesis (chondrocytes, osteo-
blasts, and adipocytes, respectively) [93, 94]. 

MSCs are found in many different tissues in the 
body including the bone marrow, skin, adipose 
and synovial tissue, and muscles. MSCs (Fig. 
57.3) are easy to prepare from aspirates such as 
bone marrow, adipose, or synovial tissue and are 
readily available from the surgery room [92, 95].

Moreover, MSCs are immunoprivileged, 
which can allow their transplantation without any 
immune response being elicited. Friedstein et al. 
[96] conducted the first investigation to charac-
terize multipotent stromal precursor cells which 
were later on named as MSCs [97]. Depending 
on the harvesting site, MSCs show a better per-
formance in certain strategies. Bone marrow stem 
cells are the most extensively studied. Despite the 
invasiveness for harvesting and isolation after 
collection, MSCs are ready for usage [98]. Bone 
marrow aspirates from the iliac crest have been 
used to treat focal traumatic chondral and OC 
defects [99–102]. Different approaches can be 
applied when it comes to application of MSCs. 
After aspiration, MSCs are capable of undergo-
ing expansion within 2–3 weeks for further appli-
cation, or the concentrated aspirate can be 
immediately implanted (BMDC). Usually, the 
use of natural matrices to embed the MSCs is 
employed based on platelet-rich fibrin gel [83, 
101, 103–105], fibrin glue [100], collagen gel 
[78, 99, 100, 103, 104] or collagen scaffolds [99, 
100, 105, 106], and HA [78, 101, 103, 104]. 
Natural matrices to embed MSCs create a cell 
environment that mimics the natural one, which 
is beneficial from a biological point of view.

Fig. 57.3  Photomicrograph of cultured MSCs
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In the past years, patients presenting focal 
chondral and OC lesions that were treated with 
MSCs have shown definitive clinical improve-
ment. Knee [100, 101, 105–110] and ankle [78, 
103, 104] were the two joints extensively investi-
gated following football injuries. So far, there are 
no studies for periods greater than 24  months 
concerning treatments of focal chondral defects 
with the implantation of MSCs. Giannini et  al. 
[78] reported a slight decrease in symptoms at 36 
and 48  months compared to 24  months post-
implantation. A study by Wakitani et  al. [100] 
reported a long-term evidence (137 months post-
surgery) of MSCs implantation taking into 
account only the safe use of these cells. Different 
studies, involving arthroscopy and MRI, assessed 
the efficient production of hyaline cartilage by 
MSCs implantation, and additionally neo-tissue 
formation showed good integration within 
24 months postimplantation [78, 101, 103, 106, 
108, 110]. Subchondral bone tissue remodeling is 
a longer process when compared to that of carti-
lage. Giannini et al. [78] have shown that, when 
24 months had elapsed following MSC implanta-
tion in the talus, unhealthy subchondral tissue 
was formed. Two comparison studies [104, 107] 
of MSCs/BMDC implantation to chondrocyte 
implantation (ACI/MACI) found similar out-
comes. However, MSCs showed better function 
than chondrocytes implantation did. Both strate-
gies were able to produce neo-hyaline cartilage. 
Pak et  al. [111] implanted autologous adipose 
tissue-derived stem cells in 4 patients, and all 
patients showed improvement after 12 weeks of 
treatment. The infrapatellar fat pad tissue, also 
known as Hoffa’s body, is located under and 
behind the patella bone within the knee. During 
an arthroscopy, Hoffa’s body can be removed to 
allow a better visualization of the knee because it 
is inflamed or damaged [112]. From this perspec-
tive, this tissue can be also considered a promis-
ing source of stem cells (ASCs) for use in clinics, 
as ASCs are already known to possess potential 

to differentiate into chondrocytes and 
osteoblasts.

Table 57.3 summarizes the relevant studies 
involving stem cell implantation for treating OC 
defects. Despite the current studies, little is 
known as yet as to the best dosage and cell num-
bers to be implanted at the defect sites. 
Standardization cell type and subpopulations, 
cell number, and culturing conditions should be 
performed in the clinics, in the near future.

57.8	 �One-Step Surgical 
Approaches in the Treatment 
of Osteochondral Defects

A major goal in orthopedics concerns the repair 
of OC tissues that avoids successive surgical 
interventions. Only a few studies have investi-
gated the histological outcomes of one-step pro-
cedures in the treatment of articular OC lesions 
[99, 103, 116, 117]. Of these studies, Giannini 
et al. [103] combined BMC and PRP gel with HA 
membrane or collagen powder to treat talar OC 
lesions. All the patients had shown a functional 
improvement. Tissue remodeling was clearly 
observed by histological biopsies, toward 
hyaline-like cartilage [103]. Siclari et  al. [117] 
harvested 5 biopsies by means of arthroscopy. 
Macroscopic observation revealed a whiter 
appearance of the repairs, some hypertrophic tis-
sue, and irregularity at the surface. A good sub-
chondral integration with neo-hyaline cartilage 
was observed in histological analysis. Enea et al. 
carried out an investigation that showed tissue 
formation and repair documented in accordance 
with ICRS CRA [109], even though some 
one-step procedures combining scaffolds have 
shown the presence of osteophytes formation. All 
the studies above mentioned are denominated in 
the clinics as one-step procedures. The concept 
of one-step implies that the patient undergoes 
surgery only once. In addition, the strategy itself 
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satisfies all the requirements for good regenera-
tion of the affected tissue. Commonly in these 
strategies, what is envisioned is an approach with 
more than one orthobiologic components. Others 
have also been mentioned in Table 57.4. The 

recent use of multilayered scaffolds composed of 
collagen type I with hydroxyapatite nanoparticles 
is also appealing [118]. This one-step procedure 
has as its final goal the treatment of chondral and 
osteochondral knee defects at once.

Table 57.3  Summary of studies using stem cells in the treatment of OC defects

Reference(s) OC defect
Enrolled 
sample nr Strategy applied

Outcome 
measure Follow-up timing

Nejadnik [107] Cartilage 
damage

72 First-generation 
autologous 
chondrocyte 
implantation
vs.
autologous bone 
marrow-derived 
mesenchymal stem 
cells

ICRS
IKDC
Lyshol,
Tegner

3, 6, 9, 12, 18, and 
24 months

Pak [111] Hip 
osteonecrosis 
and knee OA

2 Autologous adipose-
tissue-derived stem 
cells + hyaluronic 
acid + platelet rich 
plasma + calcium 
chloride + 
dexamethasone

MRI
Pain score

Case report

Gobbi [105] Chondral 
lesions

15 Bone marrow aspirate 
concentrate + collagen 
I/III matrix

X-rays
MRI
VAS
IKDC
KOOS
Lysholm
MARX
SF-36
Tegner

1, 2 years

Teo [113] Patellar OCD 23 Autologous 
chondrocyte 
implantation
vs.
cultured bone marrow 
stem cell

CT scans
IKDC
Tegner-
Lysholm
Lysholm-
Gillquist

6, 12, and 24 months

Kasemkijwattana 
[106]

Large traumatic 
cartilage defect

2 Autologous bone 
marrow mesenchymal 
stem cells implantation

KOOS
IKDC

30, 31 months

Gigante [114] Isolated lesions 
at the medial 
femoral condyle

5 Autologous matrix 
(collagen) + bone 
marrow concentrate

ICRS
CRA
Histology

12 months

Koh [115] Secondary knee 
OA

25 Infrapatellar fat pad 
mesenchymal stem 
cells injections

Lysholm
Tegner
VAS

16.4 months
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57.9	 �Clinical Status 
of Orthobiologics/Tissue 
Engineering Osteochondral 
Treatments

OC tissue engineering scaffolds are already mak-
ing their way through clinical trials. A review of 
the clinicaltrials.gov database yielded few studies 
in tissue engineering (Table 57.5). Bi- or multipha-
sic scaffolds aiming to regenerate different tissues 
(cartilage and subchondral bone in osteochondral 
tissue) are already being studied in humans at 
companies and at universities such as Cartiheal 

LTD, National Taiwan University Hospital, 
Kensey Nash Corporation, Fin-Ceramica Faenza 
Spa, and Piramal Healthcare Canada Ltd. which 
are in the vanguard for TE strategies commercially 
available. Great efforts have been made to bring 
tissue engineering approaches to clinical trials, but 
these are as yet inconclusive. So far, fresh or fro-
zen allografts, or modified allograft products in 
combination with conservative or surgical meth-
ods are the approaches closest to tissue engineer-
ing. Strategies solely concerning polymers are the 
most widely studied in tissue engineering field. 
However, as shown by Stanish et al. [123], the use 

Table 57.4  Summary of studies using combinatorial substances used in the treatment of OC defects

Reference(s) OC defect

Enrolled 
sample nr  
(age/average) Strategy applied Outcome measure

Follow-up 
timing

Kuroda [99] Full-thickness 
articular 
cartilage 
defect

1 Autologous bone marrow stromal 
cells + collagen scaffold

ICRS IV
histologic scores

1 year

Patrascu 
[116]

Chondral 
defect

1 Cell-free polyglycolic acid + HA Histologic scores 2 years

Giannini 
[103]

Talar 
osteochondral 
lesion

48 Concentrate bone marrow-
derived cells and collagen 
powder or HA membrane

AOFAS
MRI
histology

24 months

Kon [118] Knee chondral 
or 
osteochondral 
lesions

30 Type I collagen-hydroxyapatite 
nanostructured scaffold

Tegner Score
IKDC
MRI
MOCART

2 years

Crawford 
[119]

Distal femoral 
cartilage 
lesions

30 NeoCart, autologous cartilage 
tissue implant
vs.
microfracture

SF-36
KOOS
ADL
IKDC

26 ± 
2 months

Vijayan [120] Osteochondral 
lesions
(>5 cm2)

14 MACI membranes with 
impaction grafting of the 
subchondral bone

Cincinnati knee 
score
Pain score

5.2 years

Saw [121] Chondral 
lesions

15 Subchondral drilling injections 
of HA + peripheral blood stem 
cells

ICRD II
histologic scores
MRI IKDC

18 months

Turajane 
[122]

Early 
osteoarthritic 
knee

5 Microdrilling mesenchymal cell 
stimulation + autologous-
activated peripheral blood stem 
cells + HA

WOMAC
KOO scores
AAPBSC/
arthroscopic

-

Siclari [117] Knee cartilage 
defect

Subchondral drilling + resorbable 
polymer-based implants + PRP

KOOS
MRI
MOCART

5 years

Enea [109] Focal condylar 
lesions of 
knee articular 
cartilage

9 Collagen-covered microfracture 
+ bone marrow concentrate

MRI 12 months
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of a chitosan-based gel in conjugation with autolo-
gous whole blood applied to a microfractured car-
tilage lesion results in better outcomes when 
compared to microfracture alone. BST-CarGel 
treatment for 12  months’ time led to better site 
defect filling with good repair tissue quality than 
microfracture treatment alone. These tissue engi-
neering polymer strategies along with orthobio-
logics might be the best candidates for future 
clinical trials.

57.10	 �Final Remarks and Future 
Directions

At present, orthobiologics can be seen as a tissue 
engineering strategy that is transforming the clin-
ics, namely, the orthopedic field. The term includes 
the usage of a variety of autologous substances 
that allow regeneration and repair of tissue. Among 
these it is possible to include proteins, growth fac-
tors, antibodies, viscosupplements, and cell-based 
therapies. In the future, the treatment strategy 
should not rely solely on the single application of 
one component. More often, a combination of 
autologous substances is put together to restore tis-
sue structure and function following damage. For 
example, in the treatment and prevention of OA 
progression, stem cell-based therapies are most 
appealing. MSCs isolated from knee infrapatellar 
fat pad and PRP have also been investigated as 
potential therapies for treatment of knee 
OA. Nevertheless, there are still some areas await-
ing clarification such as dose, cell density, and re-
dosage needs. And the orthobiologics field raises 

some controversial questions within medical com-
munity and in the industrial field. Apart from being 
regulated by different bodies in different countries 
which have dissimilar protocols, it was expected 
an industrial/economical growth in orthobiologics 
though we have not assisted to significant advances 
in the markets, in the last years. Some orthobiolog-
ics currently on the market such as Adequan™ and 
Orthokine™ were trialed in human patients even 
before becoming documented. This has resulted in 
a higher cost for the approved products.

Cell-based therapies have been strongly devel-
oped. Clinical trials had seen an increase in num-
bers of experiments due to the recent approval of 
autologous cell therapies. However, for a product 
to become commercially available, the vendor has 
to demonstrate the safe usage of cells with regard to 
handling the human sample, from harvesting to 
application in the body. Nowadays, cell-based ther-
apies and orthobiologics are already approved in 
many countries. Genzyme Tissue Repair (presently 
Sanofi) in the USA has autologous chondrocytes 
cultured in defined media (Carticel™) commer-
cially available on the market. In Europe, by means 
of arthroscopic biopsy, cells are collected from the 
patient and expanded (first surgery required) and 
later implanted in a debrided chondral defect 
underneath a periosteal or collagen membrane flap. 
The fibrin glue application is performed after mem-
brane attachment (second surgery required). Also 
in Europe press-fit matrices impregnated with 
autologous cells, named matrix-induced autolo-
gous chondrocyte implantation (MACI), received 
approval for clinical usage. TiGenix™ was able to 
create screening algorithms for chondrocyte phe-

Table 57.5  Current tissue engineering and regenerative medicine strategies in clinical trials

Product Company Design Trial number Status

Biphasic 
osteochondral 
composite

National Taiwan 
University Hospital

Biphasic construct NCT 01409447 Clinical trials

Agili-C biphasic 
implant

Cartheal Lda. Biphasic construct NCT 01471236 Clinical trials

Cartilage repair device Kensey Nash 
Corporation

Bilayered scaffold NCT01183637 Randomized
clinical trials

MaioRegen® Fin-Ceramica 
Faenza Spa

Multilayered 
scaffold

NCT01282034 Randomized
clinical trials

BST-CarGel Piramal Healthcare 
Canada Ltd

Chitosan-based gel NCT00314236 Randomized
clinical Trials
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notype and behavior (ChrondroCelect™). The eco-
nomic impact of clinical trials is enormous. Even a 
small clinical trial entails a cost of millions. As well 
as the new therapies, the traditional approaches 
have been improved. Arthroscopic microfracture is 
still under investigation due to the lower associated 
costs, and it requires only a single surgery. However, 
a better understanding of orthobiologics therapies 
to validate it is still needed as a clinical strategy.

Conclusion

Tissue engineering combined with orthobio-
logics could be the next generation of orthope-
dic approaches. Engineering a whole structure 
capable of mimicking different tissues (carti-
lage, subchondral bone, and interface) in an 
integrated manner could be a feasible approach 
to regenerate osteochondral defects. 
Biodegradable and natural polymers, such as 
HA or collagen, either injectable in situ or 
implantable, with a good choice of autologous 
stem cells and autologous GFs/PRP can be the 
future of orthopedic regenerative medicine. In 
other words, advanced strategies aiming to 
restore the lubrication properties of the injured/
diseased articulation by means of different gels 
that mimic the native ECM for sustaining cell 
functions (e.g., stem cells) and PRP stabiliza-
tion at the defect area will be widely used in 
the clinics. On the other hand, graded and hier-
archic cells/scaffolds constructs are already 
being extensively investigated with the aim to 
mimic the natural tissue-to-tissue interface. 
However, several challenges still need to be 
overcome prior its application in the clinics. 
The perfect balance between scaffold degrada-
tion and neo-tissue formation by ECM deposi-
tion is a crucial parameter to obtain. Overall, 
the new tissue has to be capable of performing 
natural functions while maintaining the intrin-
sic tissue structure. The combination of all 
these components from the two big areas of tis-
sue engineering and orthobiologics ends up in 
a complex device. Bearing in mind all the reg-
ulatory challenges and difficulties to be over-
come to obtain FDA approval, these strategies 
are expected to reach the market within 
5–10 years.
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58.1	 �Introduction

The meniscus of the knee is involved in load dis-
tribution, joint stability, lubrication, and nutrition 
of the articular cartilage. A meniscus tear or men-
iscectomy is thought to decrease shock absorp-
tion and joint stability. It has been reported that 
meniscus injuries requiring resection increase the 
risk of cartilage loss, and about 50% of patients 
develop osteoarthritis 10–20  years after their 
meniscectomy [1]. Therefore, meniscal repair 
has recently strongly recommended for prevent-
ing further articular cartilage damage. Meniscal 
healing is greatly influenced by the peripheral 
vasculature of the meniscus. Meniscal tears in the 
avascular zone have very limited potential to heal 
because of a poor blood supply. Hence, despite 
recent progress in meniscal repair technique, 
indications for meniscal tear repair in the avascu-
lar area are still limited.

There have been many procedures for enhanc-
ing the meniscal healing process of the torn 
meniscus in the avascular area, such as synovial 
abrasion [2], marrow stimulation [3], synovial 
autograft [4, 5], and multiple trephination to 
induce a “vascular access channel” [6]. Biologics 
are biologically active natural components, 
which can promote tissue healing, including but 
not limited to fibrin clot, platelet-rich plasma 
(PRP), growth factors (GFs), cytokines, stem 
cells, and exosomes. Herein, we describe the 
clinical application technique of autologous bone 
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marrow-derived fibrin clot for meniscal repair. In 
addition, it also addressed the progress in the tis-
sue repair using PRP to provide further perspec-
tive for meniscal regeneration.

58.2	 �Autologous Bone Marrow-
Derived Fibrin Clot: 
Application Technique

Application of an exogenous fibrin clot made 
from peripheral blood is one method to augment 
repair and promote meniscal healing [7–10]. The 
fibrin clot made from peripheral blood can sup-
ply GFs that promote cellular infiltration and 
healing and can act as a scaffold to promote heal-
ing of degenerative meniscal tears. After the 
defect is filled with the fibrin clot, the sutures for 
meniscal repair are tightened in a “sandwich 
fashion.” We use an autologous fibrin clot derived 
from bone marrow instead of a fibrin clot made 
from peripheral blood, because the former con-
tains more GFs than the latter.

58.2.1	 �Technical Note

Before preparing the autologous fibrin clot 
derived from bone marrow, arthroscopy was per-
formed to observe the condition of the meniscus. 
The torn margin of the meniscus and adjacent 
synovium was abraded with a diamond rasp to 
improve the vascular supply to the torn meniscus. 
The meniscal repair was performed using the 
inside-out technique, outside-in technique, or all-
inside technique, depending on the condition and 
position of the meniscal lesion. To prepare the 
fibrin clot, bone marrow aspirates (10–20  ml) 
were collected from the proximal tibia using an 
18  G needle during surgery. The bone marrow 
aspirates were placed into a sterile glass beaker 
and then stirred with a sterile glass rod in a slow, 
repetitive fashion. The fibrin clot began to pre-
cipitate on the surface of the stick after 4–5 min. 
The fibrin clot was then placed onto a sterile 
gauze. A plastic cannula was introduced via the 
arthroscopic portal entry, and the prepared clot 
was inserted into the joint via the cannula with a 
grasper or a rongeur (Fig. 58.1). Finally, the fibrin 

clot was placed into the meniscus defect using a 
probe, after which it was secured by fastening the 
previously made sutures (Fig. 58.2).

58.2.2	 �Fibrin Clot for Tissue Repair

The tissue engineering approach has been shown 
to have great potential for tissue regeneration and 
tissue repair. An autologous fibrin clot derived 

Fig. 58.1  A fibrin clot derived from bone marrow was 
inserted into the joint with a grasper

Fig. 58.2  The fibrin clot was placed into the defect in the 
meniscus and secured by fastening the sutures in a sand-
wich fashion
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from peripheral blood has been used to accelerate 
meniscal healing for more than 20 years. In 1988, 
Arnoczky et  al. [7] reported that a fibrin clot 
derived from peripheral blood improved menis-
cal healing in dog experiments. The fibrin clot is 
reported to be effective for tissue regeneration 
because of its biological characteristics [7–10]. It 
is known that the fibrin clot contains a variety of 
bioactive factors including several GFs and can 
act as a scaffold to fill the defect. In addition, the 
fibrin molecules of the fibrin clot serve both as 
storage and a release system for these bioactive 
factors. The major advantage of using a fibrin 
clot is the lack of allogenic or xenogeneic factors. 
Moreover, the plasticity of the prepared fibrin 
clot allows adaptation to various tissue topogra-
phies during implantation. The fibrin clot can be 
made easily in the operating theater at low cost.

For patients with meniscal tears in the avascu-
lar zone, we use an autologous fibrin clot derived 
from bone marrow instead of a fibrin clot made 
from peripheral blood. This is because we have 
confirmed that a bone marrow-derived fibrin clot 
contains more GFs such as vascular endothelial 
GF (VEGF), hepatocyte GF (HGF), and basic 
fibroblast GF (bFGF) than a peripheral blood-
derived fibrin clot, and a bone marrow-derived 
fibrin clot has also been proven to have more 
potential for fibroblast proliferation than a 
peripheral blood-derived fibrin clot. This indi-
cates the efficacy of a bone marrow-derived fibrin 
clot for tissue regeneration and clinical use 
(unpublished data). Our own unpublished pre-
liminary results using a bone marrow-derived 
fibrin clot for meniscal repair have shown good 
clinical results at an average of 1 year postopera-
tively. Although further studies with longer-term 
follow-up are necessary to support a definitive 
conclusion, we believe that using a bone marrow-
derived fibrin clot for meniscal repair is a reason-
able and promising treatment option for patients 
with meniscal tears in the avascular zone.

58.3	 �Platelet-Rich Plasma (PRP)

GFs are polypeptides that have specific effects on 
the activity of target cell by binding to the specific 
receptors of the cell. The possible effects include 

a change in cell’s gene expression, proliferation, 
differentiation, migration, and adhesion. These 
are all critical functions of cells, and employing 
GFs as biologics can provide positive outcomes. 
Platelets are small bodies, cytoplasmic fragments 
of megakaryocytes, without a nucleus that are 
found in the peripheral blood. PRP is an autolo-
gous plasma with a platelet concentration of 106 
platelets per μl which is much higher than the 
baseline that is around 2 × 105 platelets per μl in 
a volume [11–13]. Platelets have vital roles in the 
wound healing with various proteins in the α 
granules [11, 14, 15]. PRP has been extensively 
studied for their potential therapeutic effect 
[16–19].

PRP is a critical source of native cytokines 
and GFs, as well as it contains other bioactive 
molecules, including but not limited to adhesive 
proteins (fibrin, fibronectin, and vitronectin), 
clotting factors, fibrinolytic factors, proteases, 
and antiproteases [20]. PDGF, TGF-β, FGF, IGF, 
VEGF, and EGF are among the GFs present in 
PRP [20]. Thus, use of PRP can provide increased 
potential to augment tissue healing [11–13]. PRP 
is intrinsically safe due to its autologous source, 
cannot cause mutation since PRP-derived GFs 
bind to the external surface of the cell membrane, 
and do not enter the cell or cell nucleus [13]. PRP 
is prepared from anticoagulated blood [21] and 
activated by clotting. Calcium chloride, throm-
bin, fibrin, and collagen type I are among the 
platelet-activating agents [22]. Platelets secrete 
most of the stored GFs for the first 10  min. 
Almost all of the stored GFs are secreted in the 
first hour. Then, the platelets produce more GFs 
for around 1 week [12, 13].

Since PRP is an autologous biologic, it is 
donor dependent, and there are differences due to 
different donors [23]. Moreover, different com-
mercially available systems (e.g., from Biomet, 
Arthrex, Arteriocyte, Harvest Technologies, 
Medtronic, and MTF Sports Medicine) provide 
PRPs that are different in the number of platelet 
and blood cells [11, 22, 24, 25]. In a study [26], it 
was demonstrated that three different commer-
cial systems provide different platelet, GF, white 
blood cell and red blood cell concentrations, and 
platelet capture efficiency. These are important 
source of variation in the application outcome. 
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Figure 58.3 illustrates the important factors 
affecting the outcomes of PRP application includ-
ing donor-based differences, timing and volume 
of PRP, platelet concentration, delivery strategy, 
and preparation method.

The evaluation of the clinical biologic treat-
ments can be done both with subjective outcomes 
and objective outcomes [27]. The clinical out-
comes are the subjective including International 
Knee Documentation Committee (IKDC) score, 
Tegner Lysholm Knee Scale score, survey tools, 
visual analog scale, Victorian Institute of Sports 
Assessment, and Western Ontario and McMaster 
Universities osteoarthritis outcome (WOMAC) 
score, while the objective assessment can be done 
by histology, second-look arthroscopy, and medi-
cal imaging modalities, e.g., magnetic resonance 
imaging and ultrasound, and with the use of spe-
cific biomarkers for each GF or cytokine [27].

Effects of PRP release from collagen matrix 
on human meniscus cells in vitro were found to 
be that PRP was beneficial compared to periph-
eral blood to increase the growth and upregulate 
gene expression of collagen type I, elastin, and 
aggrecan [25]. The study suggested that PRP 
may provide a small benefit for minor meniscal 
defects if PRP can be accumulated. Another in 
vitro study showed that PRP treatment increases 
the 30-kDa fibronectin fragment-induced  
synthesis of a number of pro-inflammatory che-
mokines and matrix metalloproteinases by human 
meniscocytes and articular chondrocytes [28].

In a study with rabbit meniscocytes [29], the 
presence of PRP in the cell culture medium can 
promote cell proliferation and extracellular 
matrix synthesis. The mRNA expression of 
biglycan and decorin was upregulated while the 
expression of collagen type I remained the same 
when compared to that of with the meniscocytes 

cultured in medium with platelet-poor plasma or 
1% fetal bovine serum. In the same study, in vivo 
effects of PRP were also investigated in a rabbit 
model. Full-thickness defects in the avascular 
region of meniscus showed histologically better 
repair at week 12 when the defects were filled 
with PRP incorporated in a hydrogel as compared 
to treatments with platelet-poor plasma incorpo-
rated in a hydrogel or hydrogel alone [29]. In a 
rabbit model for meniscus repair, it was reported 
that FGF-2 within a gelatin hydrogel significantly 
increased the cell proliferation and enhanced 
meniscal repair [30]. However, in another rabbit 
model study, PRP and BMP7, alone or together, 
did not significantly promote meniscus regenera-
tion in avascular defects in vivo [31]. In a recent 
rabbit model study [32], horizontal medial menis-
cus tears were treated with a single injection of 
leukocyte-rich PRP and evaluated histologically 
up to 6  weeks. However, no significant differ-
ences were found between the PRP-treated group 
and the control group.

In a recent arthroscopic meniscus repair study 
[33], the differences between outcomes of the 
meniscus repair with and without PRP were 
reported to be indistinguishable in terms of func-
tional outcome measures as well as the reoperation 
ratio and the proportion of patients who returned 
to their regular activities: sports and work. It was 
discussed that the study being underpowered and 
performed with a small sample size, a difference 
between groups with and without PRP augmenta-
tion, might not be detected [33].

The effects of PRP on the meniscal healing 
were studied in a case-control clinical study with 
young patients [34]. The injection of 5 ml of PRP 
directly into the lesion with horizontal cleavage 
meniscal tears following the standard open menis-
cal repair procedure was carried out. Clinical 
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Timing

Preparation method

PRP volume

Donor-based differences

Centrifugation speed and number

Anticoagulant

Activator

Inclusion of leukocytes

Platelet-Rich Plasma

Fig. 58.3  The outcome  
of PRP applications is 
related to several factors 
including donor-based 
differences, timing and 
volume of PRP, platelet 
concentration, delivery 
strategy, and preparation 
method
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outcomes were reported at midterm follow-up to 
be only slightly improved by the in situ PRP injec-
tion [34]. In another study, one patient with a 
meniscal tear and knee pain was treated with per-
cutaneous injections of a mixture of adipose tissue-
derived stem cells, PRP, and hyaluronic acid (HA) 
and calcium chloride [35]. Even though there was 
no clinical improvement, the patient reported a sig-
nificant decrease in pain only after injections.

PRP has been evaluated in vitro, in vivo, and 
clinically for other parts of the body other than 
meniscus, including but not limited to cartilage 
[36–38], rotator cuff [39–42], intervertebral disk 
[43–46], osteochondral tissue [36, 47, 48], 
muscle [49–51], ligament [52–54], and tendon 
[55–57]. The reported outcomes are very differ-
ent and sometimes contradictory.

The effect of a combination of PRP and HA in 
osteoarthritis therapy was tested both in vitro and 
in  vivo [58]. It was shown that osteoarthritis-
related chemokines and cytokines can be sup-
pressed, cartilage regeneration can be promoted, 
and an anti-inflammatory effect can be obtained 
[58]. PRP improved the patellar tendon harvest 
site healing in a randomized controlled trial [59]. 
A systematic review in 2012 [60] concluded that 
for the arthroscopic rotator cuff repair, PRP does 
not affect the retear rates or shoulder-specific out-
comes. However, a systematic review in 2013 
[61] analyzed the in vitro, preclinical, and clinical 
studies regarding the intra-articular injections of 
PRP. It was reported that PRP injection showed an 
overall benefit in preclinical studies for the heal-
ing of joint tissues, and among the high-quality 
clinical studies (only a few), PRP treatments 
showed only a benefit limited over time.

The systematic review and meta-analysis 
regarding the clinical benefit of PRP in orthope-
dics reported by Sheth et al. [62] revealed that the 
use of PRP is not significantly beneficial until 
24  months across the randomized trials or pro-
spective cohort studies. A small trend supporting 
the use of PRP exists but with wide confidence 
intervals. It was also reported that the literature 
lacks the standardization of study protocols, PRP 
preparations, and outcome measures [62, 63]. 
Nourissat et al. [64] also reported that there is no 
evidence-based medicine data that supports the 
use of PRP in arthroscopic surgery.

In an in vivo study with rabbits [65], circular 
defects were created with a punch in the avascu-
lar regions of menisci; the defects were treated 
with hyaluronic acid-collagen matrix either 
empty or with PRP or with mesenchymal stem 
cells. It was reported that cell-free treatments 
were not resulted with tissue healing. In a later 
study [66], the performance of mesenchymal 
stem cell-loaded scaffolds was tested in a longi-
tudinal meniscal tear model. It was reported that 
for a successful avascular zone healing, stem-cell 
differentiation is a must; however, with the con-
ditions in the study, the repair tissue was 
meniscus-like with a certain level of biomechani-
cal strength. However, in the same study, treat-
ments with PRP alone in the matrix did not 
provide any significant benefit [66]. It should be 
noted that PRP was not incorporated with cells in 
both studies [65, 66]. It would be interesting to 
see how PRP would affect the cells for the tissue 
healing. An in vivo study with mice [67] showed 
that PRP pretreatment of human articular 
chondrocyte-seeded scaffolds provides more cell 
attachment compared to ones without PRP pre-
treatment. It was concluded that PRP pretreat-
ment may enhance the surface properties for cell 
attachment, and it can be used for meniscus tis-
sue engineering [67].

Another use of PRP is to replace the fetal 
bovine serum (FBS) in cell culture [68]. It was 
demonstrated in an in  vitro study that 10% or 
20% PRP can be used instead of 10% FBS sup-
plementation to standard cell culture medium to 
cultured human meniscocytes with same prolif-
eration and gene expression level [68]. This 
makes it possible to avoid the clinical concerns 
regarding the use of FBS in cell culture medium.

58.4	 �Final Remarks

Fibrin clot derived from bone marrow or periph-
eral blood, as well as PRP can augment tissue 
healing. Fibrin clot and PRP contain a range of 
bioactive components including GFs. Fibrin clot 
does not have allogenic or xenogeneic factors, 
and its physical form fits to various tissue topog-
raphies during implantation. The clinical benefit 
of PRP is not yet agreed by all in the literature, 
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and there are opposing views on the outcomes of 
PRP treatments; this might be due to the absence 
of standardization of the evaluation of the out-
comes of the biological treatment studies, as well 
as the study designs. Due to the life-span of plate-
lets and half-life of released GFs, the presence of 
GFs may not be sustained and controlled with a 
single PRP injection. Thus, PRP injections can be 
repeated on a regular basis, or their release can be 
controlled within a matrix/hydrogel. Besides, it is 
also required for a better understanding to quan-
tify the amount of GFs released and also the 
duration of their biological activity. It should be 
also noted that GFs interact with cells and modu-
late cells’ function. For this reason, it can be more 
beneficial if native and/or recruited cells need to 
be at the site where PRP is applied to interact 
with the released proteins from platelets. 
Additionally, for the proper evaluation of the 
PRP treatment, the study must be very well 
designed with all necessary sample groups, 
which was not present in some studies in the 
literature.

It should be also noted that the secretion of 
GFs is an important step. The GFs in the α gran-
ules of platelets are not complete unless they are 
soluble. During the GF secretion through the cell 
membrane, the GFs get completed by the inclu-
sion of histone and carbohydrate side chains. 
Thus, no GFs will be secreted from platelets if 
platelets are damaged or died during the PRP 
preparation, and in such case, the outcome of 
using PRP will not be encouraging.
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return to training and competition, 95–96
tibiofibular syndesmotic injury, 94–95

Anterior cruciate ligament (ACL) injury, 166
anatomy, 166
biomechanics, 57–58, 166
clinical strategy, 582–583
diagnosis, 166–167
healing, 588
history, 167
incidence, 581–582
MRI, 582
organizational context, 583–584
quantitative assessment

imaging assessment, 587–589
measurement technology, 587, 588
pivot shift test, 587, 588

rehabilitation principles, 582
RTS strategy, 584–586
symptoms, 166
treatment, 167–168

Anterior inferior iliac spine (AIIS), 402
Anterior inferior tibiofibular ligament (AITFL), 60
Anterior talofibular ligament (ATFL), 59

ankle instability, 84
Anterior tibial tubercle (ATT) disease, 473

anterior avulsion, 475
tibial tuberosity, 475

Anti-Doping Administration and Management System 
(ADAMS), 636–637

Antihistamines, 551–552

Antileukotrienes, 552–553
Antioxidants, 618–619
Apophysitis

aetiology, 473–474
chronic and overuse mechanical stress, 473
classification

ability to play sports, 474–475
McKinney classification, 474
types of injuries, 474

conservative treatment, 476
functional strengthening, 477–478
pain resolution, 476–477
progressive return to activity, 478–479
rehabilitation protocol, 476–479

ARIF. See Arthroscopic-assisted reduction and internal 
fixation (ARIF)

Arrhythmogenic right ventricular cardiomyopathy or 
dysplasia (ARVC), 516

Arthrography, 67
Arthrokinematics, 50
Arthroscopic-assisted reduction and internal fixation 

(ARIF)
benefits, 130–131
indications, 130

Arthroscopy
microfracture, 672
OCD, 191

Asthma, 541–543
diagnosis, 543
treatment, 543–545

Athlete examination
emergency

cervical spine, 32, 33
head injury, 30–32

lower extremity
ankle and foot injury, 38–40
hip injury, 36–37
knee injury, 37–38

upper extremity
elbow injury, 35–36
shoulder, 32–35
wrist and hand injury, 36

Autoimmune diseases, 443
Autologous bone marrow-derived fibrin clot

preparation, 680
tissue repair, fibrin clot for, 680–681

Autologous chondrocyte implantation (ACI), 195–198
Automated external defibrillators (AEDs), 526, 527

B
Backfire fracture, 332
Barton’s fracture, 332
Basketball pebble fingers, 555
Bertolotti’s syndrome (BS), 274–275
Bioabsorbable meniscal repair devices, 151, 152
Biodegradable polymers, 672
Biofeedback, 648
Biological passport (BP), 637–638
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Biomechanics
ACL injury, 166
football injury

ankle injury, 59–61
groin injury, 56
hip joint, 56
knee injury, 57–59
muscle injury, 61
pelvis, 55–56
tendon injury, 62

internal, 54
LCL injury, 172
MCL injury, 168
patellofemoral pain and instability, 177–180
PCL injury, 170
sport, 53–54

Biopsychosocial model, 644–645
BMPs. See Bone-derived growth factors (BMPs)
Body composition, 498
Bone-derived growth factors (BMPs), 665–666
Bone marrow-derived concentrate (BMDC), 663
Bone marrow stimulation (BMS), 110, 661
Brain concussion

abnormal behavior, 283
diagnosis, 282–285
impaired brain function, 283
incidence, 280–281
indicators, 283
neurocognitive test, 287
neuropsychological tests, 283
pathophysiology, 281–282
physical signs, 283
postural stability tests, 283
prevention, 290
recovery/prognosis, 286–287
return to academic activities, 287
return to play, 288–289
return to school, 287–288
risk factors, 282
sideline evaluation, 282, 285
SIS, 291
symptoms, 283
treatment, 285–286
UEFA and FIFA legislation, 290–291

British Athletics Muscle Injury Classification, 436
Brugada syndrome, 517
Bucket-Handle tears, 154

C
Caffeine, 610–612
Calcaneal fractures. See also Fractures

anatomy, 118–119
classification, 119
physical examination, 119
radiographic examination, 119
treatment, 119

Calcaneofibular ligament (CFL), 59
ankle instability, 84

Calcific tendinitis, lower limb, 436
Calf endurance test, 502
Cam-type impingement, 228–229, 231
Canadian C-spine rule, 33
Carbohydrates, 596–597, 612

during match, 597
nutritional guidelines, 600
nutritional interventions, 598–599
pre-exercise carbohydrate intake, 597
for recovery, 597–598

Cardiopulmonary resuscitation (CPR)
AED, 526, 527
causes, 525–526
hands-only, 526–527
initial shock, 526–527
rules and guidelines, on football  

field, 527
survival rate, 526
terminology, 525

Carnitine palmitoyltransferase (CPT), 612
Carnosine, 616
Cauda equine syndrome, 272
Central tendon hamstring injuries, 398, 399
Cervical spine, 32, 33

stenosis, 263, 264
Cervical strains, 262–263
Chauffeur’s fracture, 332
Children

cardiac disease, 531
cardiovascular abnormalities,  

530–531
cystic fibrosis, 532
ESC, 533
exercise testing, 531–533
HCM, 534
mitral valve prolapse, 530
myocarditis, 534–535
PPE, 529
SCD, 533–534
sudden death, 529–530

Cholinergic urticaria, 553
Chondral defects, 660
Chronic renal failure, 443
Classical asthma, 542
Clavicle fractures, 35

Allman classification system, 321
distal, 322–323
medial, 323–324
midshaft (middle third), 321–322
Neer classification, 322
neurovascular examination, 321
operative management, 321
shoulder girdle injuries, 320
treatment and outcomes, 323

Closed globe injuries, 299
Cognitive appraisal models, 645–646
Cognitive capacities, late rehabilitation, 577
Cold-induced urticaria, 553
Colles’ fracture, 332
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ColorADD
color addition, 304–306
color designations, 306
deuteranopia, 307, 309
graphic symbols, 304–306
in health and services, 309, 310
in Metro system maps, 309, 311
monochromatic graphic code, 306, 307
national exams, 307, 308
in school material, 307, 308
sportive activities, 307, 309
in textiles and clothing tags, 312

Colorblindness
congenital alteration, 303
graphic color identification, 304
processes and methods, 304
symptoms, 303
visual deficiency, 303, 304

Color identification system. See ColorADD
Communication skills, 20
Compartment syndromes, 246, 484
Computed tomography (CT), 72–73, 550

ankle instability, 89
FAI, 233
Lisfranc fracture-dislocation, 120
lower limb periostitis, 482, 487
OCD, 105–106, 108, 192

Computed tomography arthrography (CTA), 73
Concussion, 31. See also Brain concussion
Congenital heart defects, 518–519
Conservative therapy, 224
Contact dermatitis, 554–555

diagnosis, 555
treatment, 555

Contact injury, 37
Conventional radiology (CR), 66–67
Coordinative capacities, late rehabilitation, 577
Copenhagen Soccer Test (CST), 595
Corticosteroids, 552
Creatine, 613–614
Cuff tendinopathy

labral tears, 357
and partial rotator cuff tears

conservative treatment, 354–355
operative treatment, 355–356

surgical repair, 357
total rotator cuff tears, 356

Cyclosporine, 554
Cystic fibrosis, 532
Cytokines, 681

D
Danis-Weber fracture, 117
Debridement, 110
Decongestants, 552
Deep transverse friction massage (DTFM), 452
Deep venous thrombosis (DVT), 245
Degenerative disc disease, 272–274
Degenerative meniscus lesions, 147, 148
Delayed pressure urticaria, 553

Deltoid ligament injury, 59–60, 95
Diabetes mellitus, 443
Diesel exhaust particles (DEPs), 547
Dietary supplements

β-alanine, 616–617
antioxidant, 618–619
buffers, 616
caffeine, 610–612
carnitine, 612–613
contamination problem, 610
creatine, 613–614
issues, 608–609
nutritional habits, 608
omega-3, 614–616
placebo effect, 609
prevalence, 608
probiotics, 619–620
sodium bicarbonate, 617–618
superstition and ritualistic behavior, 607
vitamin D, 620–622
whey protein, 622–623

Diffusion tensor imaging (DTI), 75
Disc herniation, lumbar

aetiology, 272
axial discogenic pain, 272
clinical presentation, 272–273
diagnostic imaging, 273
with discopathy, 273
indications for surgery, 274
intervertebral discs, 272
non-operative modalities, 273–274
operative treatment, 274
pathogenesis, 272
posterolateral annulus fibrosus, 272

Discitis, 275
Discography, 273
Disodium cromoglycate, 553
Distal epiphysis, 252
Distal fractures, 252, 253
Distal hamstring injuries, 400, 401
Distal radius fractures

anatomy, 331
clinical evaluation, 332
closed reduction, 332
immobilization, 332
mechanism of injury, 331–332
patterns, 332
radiographic evaluation, 332
treatment, 332

Doping control, 631–632
ADAMS, 636–637
BP, 637–638
The Code, 633–634
doping control in-competition, players selection, 639
International Standards

laboratories, 635
prohibited list, substances and methods, 634
protection of privacy and personal information, 

636
testing and investigation, 634–635
TUE, 635–636
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problem, 632–633
sample collection session, 639–640
whereabouts system, 637–639

Dorsiflexion lunge test, 504
Dual-energy X-ray absorptiometry (DXA), 601
Dynamic external rotatory impingement test 

(DEXTRIT), 232

E
Eccentric exercise programmes, 450, 453
EIA. See Exercise-induced asthma (EIA)
Elbow injuries, 35–36

anatomy, 330
classification, 330
complications, 331
diagnosis, 330
fractural, 331
mechanism of injury, 330
neurological, 331
posterior dislocation, 330
postreduction management, 331
treatment, 331
vascular, 330–331

Elbow joint
corticosteroid injection, 358
epicondylar pain, 357–358
OCD, Capitellum, 359
physical examination, 357–358
physical therapy, 359
trochoginglymoid joint, 357
UCL injury, 359

Elongation stress on hamstrings (ESH), 390
Emergency, on-field, 260–261
Emotional responses, 645–646
Endurance strength test, 501–502
Epicondylitis, 357–358
Epidemiology, football injury

in ankle, 8–9
children and adolescents at risk, 10–11
clubs competitions, 7–8
European competitions, in national teams, 6–7
hip and groin injury, 8
in knee, 8, 9
professional level, 5
risk, 6–7
thigh muscle strain, 8
for women, 10

Epinephrine, 557
Erythropoietin (EPO), 238
European competitions, national teams, 6–7
Exercise, 543, 545

therapy, 223
Exercise-induced asthma (EIA), 542–543

diagnosis, 543
treatment, 543–545

Extensor mechanism ruptures, 439
Extra-articular impingement, 230
Extracellular matrix (ECM), 660, 672
Extracorporeal shock wave therapy (ECSWT), 222, 358, 

450, 454

F
Face trauma

causes, 296
epidemiology, 295–296
nasal injuries, 296–297

Fast spin echo (FSE), 74–75
Fat, 596–597, 600–601, 612

embolism, 245
oxidation, 596

Fatigue, 596
induced fractures (see Stress fractures)

Femoral head fracture, 252
Femoroacetabular impingement (FAI)

causes, 227
clinical features, 231–233
epidemiology, 230–231
nonsurgical treatment, 234–235
pathophysiology

dynamic causes, 230
mechanism and types, 228–230

physical examination, 231–233
radiographic evaluation, MCDTs for, 233–234
surgical treatment

anterior overcoverage, 235–236
arthroscopic, 236–238
authors’ preferred method, 238–239
goal, 235
open, 236

Femur fractures. See also Fractures
age-related differences, 244
amateur vs. professional players, 244
in children

bone, 250–252
diaphysis, 252
growth plate injury, 252
risk factors, 250
treatment, 252–253

distal fractures
clinical presentation, 203
imaging, 203
prognosis, 204
treatment, 203

epidemiology, 243–244
head, 246
neck, 246–247
pertrochanteric, 248–249
rehabilitation, 250
shaft, 249, 250
stress

diagnosis, 254
pathophysiology, 253
rehabilitation, 255
risk factors, 253–254
treatment, 254

subtrochanteric, 249
traumatic

associated injuries and complications, 245–246
diagnosis, 244–245
mechanisms, 244

Fibrin clot, tissue repair, 680–681
Fibrin glue application, 671
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Fibrotic tissue formation, 443
Field case, 23

cautions, treatment and preservation, 25
evolution, 24–25
features and content, 25–26
guidelines, 26
origin, 24
use, 24

FIFA 11+ program
complete warm-up program, 566
effectiveness, 567
scientific studies, 566–567
structure, 567, 568

Fixation, 110
Flap tears, 153
Flexion/abduction/external rotation test (FABER), 232
Flexion/adduction/internal rotation (FADDIR) tests, 232
Flexor hallucis longus (FHL), 449
Fluids, 599
Food-dependent exercise-induced anaphylaxis  

(FDEIA), 556
Football, 202. See also Football injuries

eye protector, 300
ocular injury, 299

Football injuries, 113–114
in ankle, 114
biomechanics

ankle, 59–61
groin, 56
hip, 56
knee, 57–59
muscles, 61
pelvis, 55–56
tendon, 62

prevention, 54–55
problem, 55
risk, 54
strength training, 372
treatment, 54

Football-specific functional testing, 412
Foot fractures. See also Fractures

in children
anatomy, 125
classification, 125
physical examination, 125
radiographic examination, 125–126
treatment, 126

stress
clinical evaluation, 122
description, 121
epidemiology, 122
forefoot, 122–123
hindfoot, 124
midfoot, 123–124
pathophysiology, 122
treatment, 125

Forefoot stress fractures, 122–123
Fractures

ankle
anatomy, 115
ARIF, 130–131

arthroscopy, 129–138
classification, 115–116
outcomes and time to return to competition, 

138–140
physical examination, 116
radiographic examination, 116
rehabilitation, 138
treatment, 116–117

calcaneal
anatomy, 118–119
classification, 119
physical examination, 119
radiographic examination, 119
treatment, 119

in children
anatomy, 125
classification, 125
physical examination, 125
radiographic examination,  

125–126
treatment, 126

clavicle (see Clavicle fractures)
distal femur (see also Femur fractures)

clinical presentation, 203
imaging, 203
occur, 203
prognosis, 204
treatment, 203

distal radius (see Distal radius fractures)
forefoot stress, 122–123
hamstring avulsion, 397–398
humeral (see Humeral fractures)
intra-articular, 132–133
in limbs (see Limb injuries)
malleolar, 131–132
midfoot

anatomy, 119
classification, 119–120
description, 119
radiographic examination, 120
stress, 123–124
treatment, 120

nasal, 296–297
neck, 134–136
patellar

clinical presentation, 204
imaging, 204
mechanisms, 204
prognosis, 205
treatment, 204–205

pilon
anatomy, 117–118
classification, 118
description, 117
physical examination, 118
radiographic examination, 118
treatment, 118

proximal femur stress, 465
proximal humerus, 324–325
radial styloid, 332
scaphoid, 333
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scapular (see Scapular fractures)
shaft, 252, 253
stress (see also Femur fractures; Stress fractures)

clinical evaluation, 122
description, 121
diagnosis, 254
epidemiology, 122
forefoot, 122–123
hindfoot, 124
midfoot, 123–124
pathophysiology, 122, 253
rehabilitation, 255
risk factors, 253–254
treatment, 125, 254

tibia/fibula shaft, 211–212
tibial plateau

clinical presentation, 208
imaging, 208
incidents, 207
prognosis, 209
Schatzker classification, 207–208
treatment, 208–209

tibial spine avulsion
classification, 205, 206
clinical presentation, 207
imaging, 207
mechanism, 206
prognosis, 207
treatment, 207

Fredericson grading system, tibial stress fractures, 466

G
Gagey hyperabduction test, 344
Genzyme Tissue Repair, 671
GFs. See Growth factors (GFs)
Glasgow Coma Scale, 285
Glenohumeral internal rotation deficit (GIRD), 348
Glucocorticoids, 450, 557
Gluteus maximus, 574
Gluteus medius, 573
Glycemic index, 598, 602
Gradient echo (GRE) sequences, 75
Groin injury/pain, 217–218

biomechanics, 56
clinical overview

examination, 220–221
medical history, 219–220

differential diagnosis, 218–219
imaging, 221
incidence, 218
risk factors, 218
treatment

conservative, 221–224
surgical, 224

Growth factors (GFs), 665–667, 684

H
Hamstring and hip flexors flexibility exercises, 409
Hamstring eccentric training, 410–411

Hamstring muscle injuries (HMIs), 383, 388, 389
central tendon, 398, 399
direct, 376, 377
distal, 400, 401
incidence, 397
postoperative surgery rehabilitation, 402
proximal avulsion fracture, 397–398
tendinopathy, 402

Hamstring tendinopathy, proximal, 420
Headache, 31, 280, 282–283, 286, 287, 291
Head injuries, 30–32, 246

brain concussion, football (see Brain concussion)
cervical strains, 262
face trauma, 295–297
functional changes, 281
ophthalmic lesions, 299–300
prevention measures, 283
symptoms/signs, 283

High molecular weight hyaluronic acid (HMWHA), 664
High-volume image-guided injection (HVIGI), 451, 454
Hill-Sachs lesion, 345, 349, 350
Hindfoot stress fractures, 124
Hip injury, 36–37

biomechanics, 56
dynamic stabilizers of, 573–574
external rotation test, 503
FAI (see Femoroacetabular impingement (FAI))
internal rotation test, 503

Hip joint, 50
Hippocratic method, 339
Horizontal cleavage tears, 155
H1-receptor antagonists block histamine, 551–552
Humeral fractures

proximal, 324–325
shaft, 325–327

Hutchinson’s fracture, 332
Hyaline cartilage, 660–662
Hyaluronic acid (HA), 660, 663–665
Hydration, 598
Hypertrophic cardiomyopathy (HCM), 516, 520–522, 

534
Hypothyroidism, 443

I
Ice, 488
Imaging

CR, 66–67
indications, 76–77
MDCT scan, 71–73
modalities, 66
MRI

advantages, 73
arthrography, 75–76
disadvantage, 76
DTI, 75
FSE, 74–75
GRE sequences, 75
musculoskeletal, 73
SNR, 74
STIR, 74
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Imaging (cont.)
principles, 76–77
radiology, 65–66
role, 66
US

acute skeletal muscle injury, 67
advantages, 68
disadvantages, 68
dynamic study, 69
elastography, 69
indications, 70
innovations, 68–69
intrinsic limitations, 69–70
ligament tears, 70
limitations, 70–71
linear-array transducers, 68
three-dimensional acquisition, 69

Impaired sleep, 549
Injury

definition, 5
incidence, 6–7

Injury prevention programs, 369, 373
FIFA 11+

complete warm-up program, 566
effectiveness, 567
scientific studies, 566–567
structure, 567, 568

Injury-Psychological Readiness to Return to Sport 
(I-PRRS) scale, 413

International Standards, doping control
laboratories, 635
protection of privacy and personal  

information, 636
substances and methods, 634
testing and investigation, 634–635
TUE, 635–636

Intra-articular fractures, 132–133
ISAKOS classification, 150
Ischiofemoral impingement, 230
Isokinetic dynamometer, 498–499
Isokinetic strength testing, 410, 584

J
Joint disorders. See Tendon injuries
Jumper’s knee. See Proximal patellar tendinopathy

K
Kinematics, 49
Kinesio taping (KT), 488
Knee arthroscopy, 660
Knee dislocation, 173–174
Knee injury. See also Knee ligaments injury

biomechanics
ACL injury, 57–58
incidence, 57
PFPS, 58–59
risk factors, 57

meniscal lesions (see Meniscal injury)
OCD (see Osteochondritis dissecans (OCD))
patellofemoral pain and instability  

(see Patellofemoral instability)
and tibial (see Tibial fractures)

Knee joint, 50–51
Knee ligaments injuries

ACL, 166–168
LCL, 172–173
MCL, 168–170
PCL, 170–172

Kocher’s method, 338–339

L
Lateral collateral ligament (LCL) injury

anatomy and biomechanics, 172
diagnosis, 172–173
treatment, 173

Late rehabilitation, 571
adequate strength and stability, 573
core stability, 574
exercise rehabilitation, phases of, 573
hip, dynamic stabilizers of, 573–574
phase, 572
return to play, 572
stages, 572
training

aerobic, 577–578
effective load, 575
flexibility, 578
individuality, 576
load progression, 575–576
optimum balance, 576
periodization, 576
principles, 575
repetition and continuity, 576
reversibility, 576
specialization and multilateral development, 

576–577
speed, 578
strength, 577
variety, 576

LCL injury. See Lateral collateral ligament (LCL) injury
Learning disability, 549
Left ventricle noncompaction (LVNC), 516–517
Leucine, 622–623
L-3-hydroxytrimethylamminobuta noate. See Carnitine
Ligamentization, 588
Limb injuries

in lower limb (see Lower limb injuries)
in upper limb (see Upper limb fractures)

Lisfranc fracture-dislocation
anatomy, 119
classification, 119–120
description, 119
radiographic examination, 120
treatment, 120

Lisfranc injury, 40
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LIST. See Loughborough Intermittent Shuttle  
Test (LIST)

Longitudinal tears, 154
Loughborough Intermittent Shuttle Test (LIST), 595, 598
Low back pain (LBP)

acute/chronic, 266
aetiology, 266
benign spine tumours, 275
in competitive active athletes, 265
diagnostic possibilities, 265
disc herniation, 272–274
discitis, 275
epidemiological studies, 266
history, 266–267
incidence, 265
lumbar disc disease, 272–274
malignant neoplasms, 275
management, 267–268
metastatic lesions, 275
non-orthopaedic causes, 276
physical examination, 267, 268
primary inflammatory conditions, 275–276
radiographic studies, 267
soft tissue injuries, 268–269
spondylolisthesis, 269–271
spondylolysis, 269–271
sprain, 268
strains, 268
stress fractures, 274
vertebral growth, 274

Lower extremity
ankle and foot, 38–40
hip, 36–37
knee, 37–38

Lower limb injuries. See also Lower limb muscle injuries
apophysitis (see Apophysitis)
calcific tendinitis, 436
in muscles (see Muscle injuries; Skeletal muscle 

injuries)
stress fractures (see Stress fractures)
in tendon (see Lower limb tendinopathies; Tendon 

injuries)
Lower limb muscle injuries

abdominal and lumbar muscles, 409
acute phase, 406, 407
clinical examination, 408–411
core stability, 408–409
flexibility and range of movement, 409–410
functional phase, 406, 407
gluteus maximus, 411
ground reaction force, 411–412
history, 408
imaging findings, 412–413
injury history, 406
muscle strength and strength imbalances, 410–411
objective and quantitative clinical and functional 

tests, 406
physical examination, 408
prognosis, 412

psychological readiness, 413
rehabilitation programmes, 406
risk factors, 406
subacute/regeneration phase, 406, 407

Lower limb periostitis
diagnostic and physical examination, 486–487
differential diagnosis, 487
incidence, 483
MTSS, 481, 483
pathological and aetiological factors

biomechanical, 484–486
compartment syndromes, 484
extrinsic, 483–484
muscle fatigue, 486
overstress to bone, 484

shin splints, 481, 482
treatment, 487–488

Lower limb tendinopathies, 402
adductors, 420
classifications, 441–442
clinical effects, 422, 452
clinical presentation, 436–438
collagen synthesis, 444
conservative management algorithm, 452, 453
conservative treatments, 449, 450
deep transverse friction massage, 452
diagnosis, 447, 449
eccentric exercises, 450
ESWT, 450
extrinsic factors, 443
fluoroquinolone, 444
functional testing, 427
glucocorticoids, 450
histopathological process, 442
HVIGI, 451
imaging, 439–441
interventional approaches, 426
intrinsic factors, 443
medications, 444
movement analysis, 427
muscular and flexibility deficits, 427
non-surgical treatment, 451, 452
NSAIDs, 449
orthopaedic devices, 450
overuse injuries, 443
pain and impaired performance, 427
patellar, 420–421
pathomechanics, 422
prolonged pain, 447, 449
PRP, 451–452
sclerosing injections, 450–451
structural and functional dysfunction, 422
tendon pathology, 442
tenocyte proliferation, 444
training system particularities, 425–427
traumatic tears, 443
ultrasound, 452
ultrasound-guided intratendon application of  

galvanic current, 451
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Low molecular weight chains  
(LMWHA), 664

Lumbar disc disease
aetiology, 272
axial discogenic pain, 272
clinical presentation, 272–273
diagnostic imaging, 273
with discopathy, 273
intervertebral discs, 272
non-operative modalities, 273–274
operative treatment, 274
pathogenesis, 272
posterolateral annulus fibrosus, 272

Lunate Die-Punch fracture, 332

M
Macrocycle, 576
Maddocks score, 285
Magnetic resonance imaging (MRI), 582, 587–589

advantages, 73
ankle instability, 89–90
arthrography, 75–76
disadvantage, 76
DTI, 75
FAI, 233–234
FSE, 74–75
GRE sequences, 75
lower limb periostitis, 487
meniscal injury, 149
musculoskeletal, 73
OCD, 105–106, 109, 192–193
patellofemoral pain and instability, 184
SNR, 74
STIR, 74

Malleolar fractures, 131–132
Maltodextrins, 602
Manual dynamometer, 499–500
Marfan syndrome, 517
Matsen’s traction-countertraction, 340
Medial collateral ligament (MCL) injury

anatomy, 168
biomechanics, 168
diagnosis, 169
treatment, 169–170

Medial tibial stress syndrome (MTSS). See Lower limb 
periostitis

Medical concerns, football
doping procedures (see Doping control)
medical advice, 3
medications, 3
nutrition issues (see Nutritional guidelines)
rehabilitation, psychological models  

(see Psychological models, sport injury 
rehabilitation)

relevance of, 3–4
sex before games, 653–656
supplements (see Dietary supplements)

Meniscal healing, 679

Meniscal injury
biologic treatment

autologous bone marrow-derived fibrin clot, 
680–681

PRP, 681–683
classification, 149–150
complications, 157–158
patient’s expectations, 146
physiopathology, 147–149
research, 146
return to sports, 156–157
treatment

MAT, 156
meniscectomy, 150–151
repair techniques, 151–156

Meniscal root tears (MRTs), 155–156
Meniscectomy, 150–151
Meniscus, 679
Meniscus allograft transplantation (MAT), 156
Mental training techniques, 19–20
Mental visualization, 20–21
Mesenchymal stem cells (MSCs), 198–200,  

667–668, 671
Mesocycle, 576
Metatarsal fractures, 120–121
Microcycle, 576
Midfoot fractures. See also Fractures

anatomy, 119
classification, 119–120
description, 119
radiographic examination, 120
stress, 123–124
treatment, 120

Milch technique, 339
Mild traumatic brain injury (MTBI). See Brain 

concussion
Mitral valve prolapse, 517
Modified Harris Hip Score (MHHS), 238
Motivation-based models, 646–647
Motor control program, 372
Motor learning, 50
Movement analysis test (MAT), 586
Movement patterns restoration, 586
Multidetector computed tomography (MDCT) scan, 

71–73
Multiplanar reconstruction (MPR), 72
Muscle extracellular matrix (ECM)
Muscle injuries

biomechanics, 61
classification system, 375–378
conservative treatment, 391
decision-making, 387–388
exercise design criteria, 390, 391
fl7exibility and range of motion imbalances, 372
functional phase criteria, 390
HMI (see Hamstring muscle injuries (HMIs))
incidence, 366
indications, 395
injury mechanism, 366–367
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injury prevention, 367
load management

GPS monitoring, 370
stress vs. recovery periods, 370
training load quantification, 370
training periodization, 370

management, 387–388
operative treatment, 395
prevention, 367–372
recurrence, 367
risk factors, 367, 368
scar tissue formation, 395
severity, 367
strength program, 372
surgical treatment algorithm, 395, 396
in tendon (see Muscle-tendon injuries)
tensiomyography, 388
viscoelastic properties, 388

Muscle protein synthesis (MPS), 622–623
Muscle-tendon injuries

biomechanical approach, 421
epidemiology, 420–421
extrinsic risk factors, 423
microtraumatic events, 419
modifiable intrinsic risk factors, 422–423
motor control and football-specific skills, 427
motor control and strength deficits, 425
non-modifiable intrinsic risk factors, 423
prevention protocols, 428–430
progression-based prevention program, 427
skeletal maturity progression, 420

Muscular strength, 20
Musculoskeletal radiology, 65
Myocarditis, 534–535
Myofascial injury, 436

N
Nasal fractures, 296–297
Nasal injuries

examination and diagnosis, 297
fractures, 296–297
indications, 297
nose bleeding (epistaxis), 296
septal hematomas, 296
treatment, 297

Nasal nitric oxide, 550
Nasal patency, 550
National Anti-Doping Organization (NADO), 635
Natural polymers, 672
Neck fractures, 134–136
Neck injury, 246–247
Nerve injuries, 246
Nerve root dermatome, 260
Neurogenic shock, 260
Nonspecific food-dependent exercise-induced 

anaphylaxis (nsFDEIA), 556, 557
Nonsteroidal anti-inflammatory drugs (NSAIDs),  

449, 488

Nutritional guidelines
body composition, football, 601–602
carbohydrate

during match, 597
pre-exercise carbohydrate intake, 597
for recovery, 597–598

dietary planning, 602–603
fatigue, 596
hydration, 598
nutritional intake

carbohydrates, 600
energy intake and expenditure, 600
fat, 600–601
protein, 600

nutritional interventions
carbohydrate, 598–599
fluids, 599

physiological demands, 595–596

O
Omalizumab, 554
Omega-3, 614–616
On-field rehabilitation (OFR), 585–586
Open fractures, 39
Ophthalmic lesions

football eye protector, 300
mechanism of injury, 300
protective devices, 300

Orthokine™, 671
Orthopaedic support devices, 450
Osteoarthritis defects, 660, 663
Osteochondral ankle defect (OCD)

BMS, 110
cartilage, subchondral bone, and loading, 107
cause of pain, 107
clinical presentation, 106
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debridement, 110
epidemiology, 106
etiology, 106
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joint congruency vs. cartilage thickness, 107
MRI, 105–106
natural history, 107
pre-operative planning, 110–111
rehabilitation, 111
subchondral cyst formation, 108
surgical technique, 111
treatment strategy, 109–110
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Osteochondral graft, 194–195
Osteochondral lesions, 660
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football players, 572
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Index



698

Osteochondral lesions (cont.)
PRP/GF, 665–667
stem cells, 667–668

Osteochondral tissue, 662–663
Osteochondritis dissecans (OCD)

of capitellum, 359
classifications, 191
clinical evaluation, 192
etiology and epidemiology, 190–191
football players, 190
incidence, 190
nonoperative treatment, 193
operative treatment

ACI, 195–198
arthroscopic drilling, 193–194
excision of fragments, 193
MSCs, 198–200
open reduction of fragment, 194
osteochondral graft, 194–195
scaffolds, 198

pathogenesis, 190
radiographic examination

CT scan, 192
MRI, 192–193
scintigraphy, 192

treatment, 193
Osteophytosis, 439, 440
Osteoporosis, 463
Ottawa ankle rules, 39
Outerbridge system, 660–661
Overuse injuries, goalkeeper

definition, 353
in elbow, 357–359
epidemiology, 354
etiology, 354–359
pathomechanics, 354–359
in shoulder, 354–357

P
Pain, 18, 43
Passive knee fallout test, 503
Patch testing, 555
Patellar fractures. See also Fractures

clinical presentation, 204
imaging, 204
mechanisms, 204
prognosis, 205
treatment, 204–205

Patellar tendinopathy, 447, 449
epidemiology, 420–421
preventive exercises, 429–430
risk factors, 424
treatment, 453

Patellofemoral instability
anatomy, biomechanics and mechanism,  

177–180
diagnosis, 182–184
epidemiology, 181–182

etiopathogeny, 180–181
Lyon School classic risk factors, 181
management and treatment, 184

Patellofemoral pain syndrome (PFPS), 57–59.  
See also Patellofemoral instability

PCL injury. See Posterior cruciate ligament (PCL) injury
Pedal hyperhidrosis, 555
Pediatric fractures. See also Fractures

anatomy, 125
classification, 125
physical examination, 125
radiographic examination, 125–126
treatment, 126

Peltier element-based provocation device, 554
Pelvis injuries, biomechanics, 55–56
Peroneal tendon injuries, 438
Peroneal tenosynovitis, 438
Pertrochanteric fractures, 248–249
Phalanges fractures, 120–121
Phosphocreatine, 613
Physical therapy, 250
Pilon fractures. See also Fractures

anatomy, 117–118
classification, 118
description, 117
physical examination, 118
radiographic examination, 118
treatment, 118

Pincer-type impingement, 229–230
Pivot shift test, 587, 588
Placebo effect, 609
Plastic cannula, 680
Platelet-rich plasma (PRP), 451–452, 454, 663, 665–667, 

681–683
Polidocanol injections, 454
Polyunsaturated fatty acids (PUFAs), 614–615
Posterior cruciate ligament (PCL) injury

anatomy, 170
associated lesions, 171
biomechanics and function, 170
diagnosis, 171–172
history, 172
mechanism, 171
treatment, 172

Posterior-inferior tibiofibular ligament (PITFL), 60
Posterior lateral corner (PLC), 172
Posterior lateral instability

anatomy and biomechanics, 172
diagnosis, 172–173
treatment, 173

Posterior talofibular ligament (PTFL), 59
Posterior tibialis tendon deficiency, 438
Postoperative hamstring surgery rehabilitation, 402
Power, 500–501
Preseason evaluation

blood and urine analysis, 496, 497
FIFA and UEFA recommendations, 494
injury risk factors

motor control, 502–507
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ROM and flexibility, 502
running pattern analysis, 508
strength testing, 499–502

life-threatening
body composition, 498
dental, 498
medical history, 495–496
medical physical examination, 496
musculoskeletal imaging, 497
vision, 498

performance testing, 508–509
agility, 511
maximum speed and sprint testing, 511–512
strength qualities, 509–511
VO2 max, 509

protocol, 494
screening levels, 493–494

Prevention programmes, 5–6
Probiotics, 619–620
Protein, 600
Proteoglycans, 660
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Proximal fractures, 252

femur stress, 465
hamstring avulsion, 397–398
humerus, 324–325

Proximal tendinopathy
hamstring, 402, 449

epidemiology, 420
preventive exercises, 429
risk factors, 423–424

patellar, 437, 441
PRP. See Platelet-rich plasma (PRP)
Psoas impingement, 230
Psychological models, 16–17, 19–20, 643–644

sport injury rehabilitation
biopsychosocial model, 644–645
cognitive appraisal models, 645–646
motivation-based models, 646–647
stage models, 646

PUFAs. See Polyunsaturated fatty acids (PUFAs)
Pulmonary embolism, 245
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Quadriceps tendon partial rupture, 440, 441

R
Radial styloid fracture, 332
Radial tears, 154–155
Radiography
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indications, 67

Radiology, 65–66
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Rectus femoris injury

anesthetic and corticosteroids, 402
heterotopic calcification, 402

proximal avulsions, 399, 401
symptomatic chronic myofascial injuries, 402

Registered Testing Pool (RTP), 638
Rehabilitation, sport injuries

ankle fractures, 138
apophysitis, 476–479
biopsychosocial model, 644–645
cognitive appraisal models, 645–646
diagnosis, 41–42
effectiveness, 18–19
femur fractures, 250
groin injury/pain, 221–224
healing stages and loading throughout, 42
mechanism of injury, 42
motivation-based models, 646–647
OCD, 111
OFR (see Late rehabilitation)
programmes, 388–391
progression criteria, 42–44
stage models, 646
stages and tips, 185
stress fractures, 255

Relaxation techniques, 20, 648–649
Rest, 488
Return to play (RTP) decisions, 409, 412–414, 638

MRI grading, 383
reinjury, 406
risk management, 406

Return to sport (RTS), 581, 582, 584–586
Rhinitis, 545, 546
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Scapular fractures
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anatomic classification, 318
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Scheuermann disease (SD), 275–276
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Seasonal allergic rhinoconjunctivitis (SARC), 548
Second impact syndrome (SIS), 291
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Septal injuries. See Nasal injuries
Sex before games, 653–654
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control factors, 654
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Sex before games (cont.)
psychology, 655
unquestionable issue, 656

Shaft fractures, 249, 250, 252, 253
Shin splints, 481, 482

muscle fatigue, 486
Shock, 245
Short tau inversion recovery (STIR), 75
Shoulder injuries, 33–34

AC joint, 34–35
clavicle, 35
cuff tendinopathy, 354–356
etiology, 354
labral tears, 357
pathomechanics, 354
total rotator cuff tears, 356
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acromioclavicular joint sprains, 336
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AIOS, 336
AMBRI, 336
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arthro-MRI, 347
arthroscopic Bankart repair, 349
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closed reduction, 338
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consensus-based standards, 337
conservative treatment, 346–348
contraindications, 348
coracoid graft fixation, 350
cryotherapy, 348
decision-making, 342
diagnosis, 338
epidemiologic importance, 336
exclusion criteria, 349
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Hill-Sachs lesion, 349
instability from overuse, 337
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load and shift tests, 343
low-profile labral repair, 349
muscle spasms and pain, 337
non-operative treatment, 347
operative vs. non-operative treatment, 342
patient management, 341–342
physical examination, 343
posttraumatic anterior instability, 343
prehospital reduction, 337
prevention., 350–351
prognosis, 341
PUBMED search, 337
recurrence rate, 336
rehabilitation care, 336
return to play, 348
scapular manipulation, 342
shoulder subluxation, 342
Sulcus sign, 344

traction techniques, 338–341
traumatic anterior instability, 341
TUBS, 336
upper limb injuries, 336

Signal to noise (SNR) ratio, 74
Single-leg triple hop test, 501
Skeletal muscle injuries

clinical appearance, 381
diagnosis, 381–383
history, 381, 382
imaging, 382–383
intramuscular tendon, 382
management, 383–384
MRI examination, 383
physical examination, 382
proximal free tendon, 382
severity, 381, 382

Skin prick testing (SPT), 550
Smith’s fractures, 332
Sodium bicarbonate, 617–618
Sodium nedocromil, 553
Soft tissue injuries, 245–246

LBP (see Low back pain (LBP))
Spaso technique, 340, 341
Sphygmomanometer squeeze testing, 500
Spinal cord neuropraxia, 263, 264
Spinal shock, 260
Spine trauma

airway maintenance, 261
breathing and ventilation, 261–262
corticospinal tract, 260
dorsal columns, 260
exposure/environmental control, 262
hemorrhage control, 262
LBP (see Low back pain (LBP))
management, 262–264
neurogenic shock, 260
neurologic evaluation, 262
spinal column, 259
spinal shock, 260
spinothalamic tract, 260

Spondyloarthropathies, 275
Spondylolisthesis

clinical presentation, 269
conservative management, 270–271
imaging, athlete, 269–270
lumbar radiographs, 270
surgical treatment, 271

Spondylolysis
clinical presentation, 269
conservative management, 270–271
imaging, athlete, 269–270
lumbar radiographs, 270
surgical treatment, 271

Sport Concussion Assessment Tool (SCAT3), 284–285
Sports injuries

auto-scapegoating, of athlete, 19
causes of, 642
competition, 18
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diagnosis, 17
emotional and behavioral experience, 642–643
emotional stress, 18
life with stress and changes, 17
location, lesion, 18
mental and psychological training techniques, 19–20
pain vs. fatigue, 21
precompetitive anxiety, football players, 21
psychological intervention

assessment, 19
biofeedback, 648
educational intervention, 647
effectiveness, 16–17
factors, 14
goal setting, 647–648
imagery, 648
injury recovery and prevention, 15–16
recovery strategies, 19
relaxation, 648–649
self-talk, 648
social support, 649–650

recovery training field, 20–21
rehabilitation, psychological models

biopsychosocial model, 644–645
cognitive appraisal models, 645–646
motivation-based models, 646–647
stage models, 646

risk factors, health, 18
social and emotional support, 19, 21
stress, 14, 17
time of occurrence, 18
training overload, 18

Sports rehabilitation, 572
Sports training, 20–21
Stem cells, 667–668
Stimson’s method, 340, 341
Stinger, 263
Strengthening exercises, 223–224
Stress fractures, 14, 17. See also Apophysitis; Fractures

ankle, 125
bisphosphonates, 469
bone scan, 464, 465
bone tenderness, 463, 464
caloric restriction, 463
description, 121, 461
diagnosis, 122, 462, 464–466
emotional, 18
environmental factors, 463
epidemiology, 122, 462–463
extrinsic risk factors, 463
femur

diagnosis, 254
pathophysiology, 253
rehabilitation, 255
risk factors, 253–254
treatment, 254

in fibula, 461
in forefoot, 122–123
grading, 464–466

high-risk fractures, 462
in hindfoot, 124
injury prevention programs, older players, 468
intrinsic risk factors, 463
leg length differences, 463
lower bone density, 463
in lower limb (see Lower limb periostitis)
menstrual disturbances, 463
in metatarsals, 461
in midfoot, 123–124
minimal-impact aerobic activities, 466
MRI grading system, 466
muscle weakness, 463
natural history, 466
in navicular bones, 461
nonoperative treatment, 466–467
pathophysiology, 122, 462
physical characteristics, 463
psycho-bio-social characteristics, football player, 462
randomized control trial, 469
re-injury rate, 468
return-to-play decision, 468
risk factors, 463
surgical treatment, 467–468
in tibia, 461
treatment, 125
vitamin D supplementation, 469

Stress vs. recovery periods, 370
Subchondral bone, 107

tissue remodeling, 668
Subcutaneous immunotherapy (SIT), 552
Sublingual-specific immunotherapy  

(SLIT), 552
Subspine impingement, 230
Subtrochanteric fractures, 249
Sudden cardiac arrest (SCA), 525
Sudden cardiac death (SCD), 533–534

AHA recommendations, 516
ARVC, 516
Brugada syndrome, 517
congenital heart defects, 518–519
diseases responsible, 516
electrocardiogram, 517–518
hypertrophic cardiomyopathy, 516, 520–522
incidence, 515
LVNC, 516–517
Marfan syndrome, 517
mitral valve prolapse, 517
preparticipation screening, 515–516
risk, 515

Syndesmosis injury, 60–61, 134

T
Talar process fractures, 136–138. See also Fractures
Tempest®, 554
Tendinitis. See Lower limb tendinopathies
Tendinosis. See Lower limb tendinopathies
Tendon biology, 425
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Tendon injuries, 62. See also Lower limb tendinopathies
around ankle, 437–438
around hip, 436, 437
around knees, 437
biomechanics, 62, 421
chronic tendinopathy, 435
classifications, 441–442
clinical presentation, 436–438
diagnosis, 436–441
epidemiology, 420–421
extrinsic risk factors, 423
Hamstring muscle and, 436, 437
imaging, 439–441
MRI, 440–441
microtraumatic events, 419
modifiable intrinsic risk factors, 422–423
motor control

and football-specific skills, 427
and strength deficits, 425

non-modifiable intrinsic risk factors, 423
plain radiography, 439
prevention protocols, 428–430
progression-based prevention program, 427
skeletal maturity progression, 420
ultrasonography, 440

Therapeutic use exemption (TUE), 635–636
Thigh injuries, 8, 25, 57, 169, 409, 410, 413, 420, 424, 

436, 475, 498, 601. See also Femur fractures
Thomas test, 502
Threshold test, 584, 585
Tibial fractures

distal femur
clinical presentation, 203
imaging, 203
occur, 203
prognosis, 204
treatment, 203

and fibula shaft, 211–212
patellar

clinical presentation, 204
imaging, 204
mechanisms, 204
prognosis, 205
treatment, 204–205

spine avulsion
classification, 205, 206
clinical presentation, 207
imaging, 207
mechanism, 206
prognosis, 207
treatment, 207

tibial plateau
clinical presentation, 208
imaging, 208
incidents, 207
prognosis, 209
Schatzker classification, 207–208
treatment, 208–209

Tibialis anterior tendon rupture, 438
Tibial plafond fractures. See Pilon fractures
Tibial plateau fractures. See also Fractures

clinical presentation, 208
imaging, 208
incidents, 207
prognosis, 209
Schatzker classification, 207–208
treatment, 208–209

Tibial spine avulsion fractures. See also Fractures
classification, 205, 206
clinical presentation, 207
imaging, 207
mechanism, 206
prognosis, 207
treatment, 207

Tibial tubercle, 210
Tibiofibular syndesmotic injury, 94–95
TiGenix™, 671–672
Tissue engineering, 110, 670–671
Tissue necrosis, 444
Tissue repair, fibrin clot, 680–681
Traumatic fractures, 244

associated injuries and complications, 245–246
diagnosis

classification, 245
imaging, 245
signs and symptoms, 244–245

Traumatic meniscus tear, 147, 148
TUE. See Therapeutic use exemption (TUE)

U
UEFA Champions League (UCL) injury study, 7
Ultrasound (US)

acute skeletal muscle injury, 67
advantages, 68
ankle instability, 89
disadvantages, 68
elastography, 69
indications, 70
innovations, 68–69
intrinsic limitations, 69–70
ligament tears, 70
limitations, 70–71
linear-array transducers, 68
three-dimensional acquisition, 69

Ultrasound-guided intratendon application of galvanic 
current, 451

Undertraining vs. overtraining, 371–372
Union Cycliste Internationale (UCI), 637
Upper extremity injuries

elbow, 35–36
shoulder injury

AC joint, 34–35
clavicle, 35
dislocation, 33–34

wrist and hand, 36
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Upper limb fractures
anatomic classification, 318
clavicular, 320–324
elbow, 330–331
humeral shaft, 325–327
overuse injuries (see Overuse injuries,  

goalkeeper)
proximal humerus, 324–325
scapular, 318–320
shoulder instability (see Shoulder injuries)
wrist, 331–333

Urticaria, 553
diagnosis, 553–554
treatment, 554

Urticaria activity score (UAS7), 553

V
Vascularity, 150
Vascular sclerosing injections, 450–451
Vascular trauma, 245

Vertebral-medullary trauma, 259–260
Vertical jump test, 501
Viscosupplementation (VS), 663–664
Vitamin D, 620–622
Volatile organic compounds, 547

W
Whey protein, 622–623
Women’s football, 5, 10, 633
World Anti-Doping Code, 631
Wrist injuries

distal radius fractures, 331–332
and hand, 36
scaphoid fracture, 333

Y
Y-balance test, 504
Yo-Yo intermittent endurance test, 578
Yo-Yo intermittent recovery tests, 509–510, 617
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