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v

Throughout our life, we are driven toward our dreams; we define paths and 
strategies and fight for them to become true; we are all moved by challenges. 
Since ancient times, strife, conquest, and defeat are part of human nature; and 
this explains why sports are so amazing to practice, watch, and support.

Sports offer us magic moments in which we vent our anxieties and disap-
pointments, share dreams and emotions, and also learn to win and lose. 
Moreover, sports play a fundamental role in health and education, as they 
make us aware of the importance of healthy habits, teamwork, and respect for 
others.

Sports are not only related to recreational and professional competitions, 
but they are also a tool to reach a quality lifestyle. It strengthens the impor-
tance of sports medicine in the management of the effects of physical, recre-
ational, or competitive activity on people. The broad spectrum of sports 
medicine area accounts to sports practice principles, overtraining injuries, 
neurological disorders, sports trauma, special clinical conditions, different 
scenarios in sports (indoor and winter), sports footwear, biologics in sports 
injuries, major events in sports, and PROMs in sports. Moreover, it allows us 
to navigate throughout all life phases: childhood, adolescence, adult life, and, 
the “most experienced of all,” old age.

The Sports Medicine Physician book has involved professionals of sports 
medicine area and orthopedic surgeons from over 20 countries in the world. 
This book has 50 chapters organized in 10 parts covering different aspects 
and domains in sports medicine.

Like any huge project, there is a great Team involved. I would like to thank 
the ISAKOS President Mark Safran and Former President Philippe Neyret, 
ISAKOS Board, Andreas B. Imhoff, Mark Clatworthy, Moises Cohen, Joao 
Espregueira-Mendes, Mark R.  Hutchinson, Committee members, and all 
health professionals that have accepted to work in this book, sharing their 
academic and clinical knowledge as well as experience in sports medicine. 
Thanks to all of you, my Team, Ge, Cezar, Mariana and Ana Karina Piedade, 
and Magda S. Kimoto, for supporting me in this amazing project.

Sports make us better, stronger, and true because, in sports, we learn the 
importance of teamwork.

Campinas, Sao Paulo, Brazil Sérgio Rocha Piedade 

Preface
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Multidisciplinary Sport 
Medicine Team

Francesco Della Villa, Stefano Della Villa, 
and Joäo Espregueira Mendes

1.1  Outline

The Sports Medicine care, either in a Sport team 
setting or in a Sports rehabilitation one, should be 
always based on a team effort. A patient- or athlete- 
centered approach, with different contributing pro-

fessional figures, is warranted to maximize health 
and functional outcomes of our patients, either in 
primary prevention or rehabilitation setting. The 
central role of the caregiver team is highlighted in 
this first chapter in which we wish to present our 
experience in the basic principles of both playing in 
and managing a team around the patient in a Sports 
Medicine setting.

1.2  The Crucial Principles

In building a Sport Medicine team, we’d like to 
share few important concepts at the beginning of 
this chapter: “No one professional nowadays can 
handle by his own the complexity of a sport reha-
bilitation path or injury prevention and training 
program.” This concept is very easy and applies 
both to primary and secondary prevention of Sport 
injuries. If you play in team, your odds of winning 
(achieving good outcomes) are much higher. 
A proper team, with a high-performance culture, is 
warranted to carry on a successful Sport Medicine 
practice. With high-performance culture, we mean 
the ability to give your maximal effort in the day-
by-day activity, helping the patient to reach the 
maximal possible functional recovery.
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A proper team, with a high performance cul-
ture is key for successful Sports Medicine 
practice.
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In our vision, considering Sport rehabilitation 
as a model of practice, you will need at least (1) 
a Sport Medicine physician, (2) a physical thera-
pist, and (3) an athletic trainer to face a correct 
rehabilitation program (Fig. 1.1).

The Sports Medicine team should always 
adopt a patient-centered approach. The patient is 
the leading actor in every functional recovery 
path. The program must be tailored on his and her 
needs. Stated that, apart the professional figures 
listed above, the team can be larger. Chiropractors, 
specialists in nutrition, and sport psychologists 
can cover specific areas of functional recovery, 
optimizing specific areas of concern (Fig. 1.2).

Second point, you need to give the team the 
possibility to do a great job. Proper facilities are 
another important issue. If you wish to deliver an 
updated service, you will need also appropriate 
facilities to do this. For example, we strongly 
believe in different environments to give progres-
sive stimuli during functional recovery, the use of 

pools, gyms, and sports field is key to optimize 
loading. The adoption of an on-field rehabilita-
tion (OFR) setting is crucial to really complete 
the recovery path of a competitive athlete 
(Fig. 1.3).

Third and last general point, the team should 
follow an appropriate method. In our experience 
the method should be based on (1) a leader of the 
group, (2) an appropriate communication model, 
and (3) a proper and updated clinical method 
(Fig. 1.4).

First, besides shared decisionmaking, the 
team must be lead properly. The figure of the 
leader is always important and crucial in giving a 
precise tactical and strategic direction to the 
group, both in the day-by-day activity and in key 
decisionmaking. In organizing a rehabilitation 
service, we introduced the so-called concept of 
the case manager. The case manager is the doctor 
in charge of the patient, from the beginning to the 
end of functional recovery. He is also in charge of 

Sport Medicine Physician

Athletic trainerPhysical therapist

Fig. 1.1 Proper team. Sport Medicine physician, a physical therapist, and an athletic trainer. A patient-first approach is 
warranted as he/she needs to be guided in the recovery process

F. D. Villa et al.
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Fig. 1.2 Patient- 
centered approach. 
A Sport Medicine 
physician talking with 
the physical therapist 
and the patient during a 
gym rehabilitation 
session. High-quality 
communication, also 
based on nonformal 
meeting, is key to 
control the recovery 
process

Medical Offices

Rehabilitation GymRehabilitation Pool

Rehabilitation Field

Fig. 1.3 Proper facilities. Different environments are crucial to customize treatments and allow a complete functional 
recovery

1 Multidisciplinary Sport Medicine Team
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coordinating the team around the patient and 
communicating with patient environment. Such a 
figure is warranted in every recovery process.

A continuous and effective communication is 
warranted within the caregivers’ team. Having a 
communication model (e.g., digital clinical 
records) and periodically (daily if necessary) 
meetings are the milestones of a well-organized 
service. Formal and informal communication is 
key to strengthen the relationship between the 
different players. The more you communicate 
within the team, the more you can maximize 
patient or athlete’s perception of the recovery 
path and minimization of the risk of misleading 
information to the patient.

Adopting a proper and updated clinical 
method is the last aspect to be underlined. 
Statements like “I am doing like this because we 
have always done in this way” are no longer 

acceptable in the modern Sport Medicine land-
scape. Updated practice based on evidence-based 
recommendation has now to be imbedded in the 
practice. Considering again a rehabilitation per-
spective, we strongly believe in criteria-based, 
rather than time-based, rehabilitation protocols. 
In respect of the ACL-injured athletes, this state-
ment is not based merely on a personal perspec-
tive but on the evidence that certain criteria 
should be met in order to RTP safely [1]. Current 
clinical guidelines are also recommending such 
an approach [2, 3]. Translating medical innova-
tions inside this paradigm is not easy as new does 
not always mean effective. It is recommended to 
apply innovations that guarantee a reasonable 
optimization of functional outcomes, helping the 
patients and athletes to do better. For this reason, 
tracking patient’s outcome is always wise to eval-
uate recent addictions.

Update clinical method

Case manager

Communication model

Fig. 1.4 Proper method. These three aspects are of paramount importance in the organization of teamwork

F. D. Villa et al.
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1.3  We Are Doctors: Health 
and Performance 
Considerations

Another factor we need to consider is the exist-
ing relation between health, functional outcome, 
and performance. In the Sport Medicine sce-
nario, our patients are athletes, and they need to 
perform, sometimes at elite level, at their best. 
Either working in a Sport team or in Sports reha-
bilitation facility, we need to prepare them to a 
sustainable performance. Winning in Sports is a 
key aspect, but, as doctors, we need to take care 
about the health of our athletes and patients, 
finding the correct balance for a sustainable (for 
the athlete) performance and short- and long-
term outcomes. A good example of this concept 
is a possible existing relationship between the 
application of injury prevention and winning in 
football: the lower the injury rate, the higher the 
team success [4]. Another good example is the 
functional outcomes after anterior cruciate liga-
ment reconstruction (ACLR). The patient faces 
two main outcomes; on one side there is the 
return to play at pre-injury level, and on the other 
side there is the second ACL injury risk. Again, 
we need to prepare the patient to perform again, 
minimizing the physical deficit related to the 
injury and surgery while reducing, as much as 
we can, the risk factors for the second injury. 
The goal of any sportsman or sportswoman is 

competing at their desired levels with a minimal 
risk of injury. The Sport Medicine team should 
help them to achieve this goal. When an injury 
happens, there should be a correct strategy to 
face it. As injuries are part of Sports, it is appro-
priate to speak about injury reduction strategies, 
as complete prevention is not possible.

1.4  The Case Manager Concept

In the first section of this chapter, we introduce 
the concept of the case manager. We would like 
to underline the importance of such a figure in 
the recovery process after Sport injuries. In the 
clinical practice, often, the patients see different 
professional’s figures, in different places, poten-
tially giving conflictual, sometimes opposite, 
suggestions. This is a common story that our 
patient faces every day. This situation is confus-
ing and nonoptimal for the patient. To minimize 
the risk of this scenario, we introduced the con-
cept of the case manager. The case manager 
(same Sport Medicine physician following the 
patient) oversees the patient through his or her 
whole recovery process. When surgery is 
needed, the case manager is in charge of cross 
talking with the surgeon and the surgical team. 
We really believe that surgery and rehabilitation 
are part of the same path; there is no stand-alone 
in this process (Fig. 1.5).

- Coordinate the team around the patient;

Case Manager:

- Plan the customized treatment protocol;

- Communicate regularly with the surgeon
(if needed)

- Communicate regularly with patient
environment;

- Overseas the process from the time of
injury to the Return to play

Fig. 1.5 The case 
manager. The physician 
should be the key 
figure for the patient. 
A reference point to 
guide the recovery 
process

1 Multidisciplinary Sport Medicine Team
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Either with conservative or surgical 
patients, there is a clear need of taking and 
maintaining a precise direction in every recov-
ery path, and the patient will benefit from this 
approach.

We also believe that the same Sport Medicine 
team should follow the patient from the time of 
injury to the time of official return to play. The 
injury to recovery process is tough for the ath-
lete, and we should have a perfect control of the 
whole path. Taking the example of a major injury 

(Fig. 1.6) requiring surgery, it is not enough to 
do half of the way to the top.

Generally, we have a good control of the 
first  steps (including diagnosis, surgery, and 
 postoperative treatment). It is a pretty good con-

Diagnosis
and

surgery

Return
to play

Sport
specific
gesture

Metabolic
recovery

Movement
patterns

Strength
recovery

Recovery
of ADL

Post
operative
treatment

Good

Pretty
good

Poor

Fig. 1.6 The injury to recovery process. Many steps and 
obstacles must be overcome to reach a successful RTP. As 
a community we have a very good control of the first 

phases, but we generally lack in control over the last steps. 
This deficit has to be solved

The same Sport Medicine team should 
 follow the patient from the time of injury 
to RTP.

F. D. Villa et al.
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trol of the strengthening phase, but we lack in 
control of the last crucial phases, when the patient 
is generally left alone, in the grey area before 
returning to play. We need to focus also the last 
part of the recovery process. To reach this goal, 
we need to challenge our physicians’ mind and 
change our point of view.

1.5  Changing the Status Quo: 
Return-to-Play Philosophy

To change the status quo, we need to challenge 
our vision of Sports injuries as doctors. As clini-
cian our focus is on the lesion, on the injured site. 
We want to fix it as soon as we can. This is right, 
but we also need to focus the athlete’s function-
ing at 360°, shifting the focus from the injured 
site to the athlete (Fig. 1.7).

Focusing the return to play from the very first 
day allows the team to establish a comprehensive 

(and not reductionistic) return-to-play strategy. 
Once focusing the RTP, we have the opportunity 
to highlight some crucial, and often overlooked, 
aspects especially focusing our focus on end- 
stage rehabilitation concepts:

• Criteria-based return-to-play progression
• Movement patterns treatment and motor 

learning techniques
• On-field rehabilitation and optimization of the 

acute on chronic workload

1.5.1  Criteria-Based Return-to-Play 
Progression

The common sense, supported by emerging evi-
dence, is that rehabilitation after major knee inju-
ries should be criteria based rather than time 
based [5, 6]. Criteria-based protocols have been 
suggested also for muscle injuries [7]. With this 

Injured joint Athlete

Fig. 1.7 Shift the focus. Shifting the focus on athlete at 360° allows the team to consider other key factors in the reha-
bilitation process

1 Multidisciplinary Sport Medicine Team



10

kind of approach, certain criteria or pitfalls have 
to be reached in order to progress in the recovery 
process. In this way a comprehensive and really 
customized program may be carried out for every 
patient. This approach has been recently demon-
strated to reduce the risk of second ACL injury 
after ACLR [1]. The same approach can be 
applied to every recovery process.

1.5.2  Movement Pattern Treatment 
and Motor Learning 
Techniques

The comprehension of biomechanical and neuro-
physiological factors is affecting deeply the way 
of considering the whole recovery process after 
lower limb injuries (Fig.  1.8). Clinical, user- 
friendly, qualitative movement analysis test has 
been proposed [8–10] and should be part, together 
with targeted neuromuscular training, of the 
return-to-sport process after lower limb injuries. 
On the other hand, feedback techniques have 

been developed to enhance motor learning, help-
ing the patient to optimize his or her movement 
patterns [11].

Although the greater amount of research on this 
aspect is related to RTP after ACLR, there is a 
growing body of evidence and common sense that 
the dynamic control of the entire kinetic chain is a 
key aspect also for other kinds of patients [12].

There needs to be an increased focus on biome-
chanical and movement pattern aspects after inju-
ries. However, this consideration has to be coupled 
with an underlined importance of the previous and 
concomitant work on knee and hip strength. It is 
nonsense to work on complex movement patterns 
if the patient has not recovered isolated strength 
yet; for this reason a battery of tests, instead of a 
single-dimension assessment, is warranted.

1.5.3  On-Field Rehabilitation 
and Optimization of the Acute 
on Chronic Workload

The completion of a stepwise OFR program has 
been previously presented and correlated to suc-
cessful outcomes after major knee injuries 
 [13–15]. The OFR program is key to fill the gap 
between standard rehabilitation and return to play. 
As stated above, the patient is often left alone. This 
situation is potentially threatening all the previous 
efforts, as a nonoptimal management of the RTP 
phase may be dangerous. At this time, the patient 
generally starts loading more the injured joint. The 
key aspects of OFR are (1) movement quality in 
high speed and unpredictable movements, (2) 
complete aerobic and anaerobic reconditioning, 
(3) optimal progression of patient workload, and 
(4) sport-specific gesture recovery.

The transition between the rehabilitation envi-
ronment and the training fields has to be as 
smooth as possible. Measuring workloads pro-
gressively, with real-time feedback, can help in 
targeting the desired amount of load.

Fig. 1.8 Risky movement patterns, with dynamic knee 
valgus loading, are frequently present at the time of return 
to play, especially in young patients

End-stage functional recovery is as impor-
tant as early stage rehabilitation.

F. D. Villa et al.
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The objective of this chapter is not covering 
technical aspects but instead giving an inspiration 
of some new area of potential clinical application 
in nowadays Sport Medicine.

1.6  Conclusions

Providing a Sport Medicine practice should be 
always based on a team effort. Proper facilities 
and proper logistic and clinical organizations are 
other important points not to be overlooked. A 
team of caregivers covering from the beginning 
to the end of the rehabilitation process is war-
ranted in conjunction to an increased attention to 
the last part of the process. As Sport Medicine is 
a young and active branch of medicine, the Sport 
Medicine team should embrace new addictions in 
practice, always considering the clinical benefit 
for the patients.
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2.1  Background

Since ancient times, sports practice is 
 well- recognized as a health-promoting activity as 
it has an effect act on our biological reserve, posi-
tively impacting the musculoskeletal, cardiovas-
cular, and immunological systems, athletes’ 
self-esteem and confidence, and improving their 
social integration [1–4]. This apart, participating 
in sports activities pushes people to compete and 
face challenges and also strengthens the desire to 
work as a team.

However, sports practice is not an injury-free 
activity because it involves aspects of the modal-
ity of practiced sports, athletes’ biological, and 
physical conditions. The intensity of physical 
demands is particular to each sports modality, 
varying according to its dynamic (soccer, basket-
ball, volleyball, tennis, cricket, MMA, judo, surf), 
field, and environmental conditions where the 
sport is practised (indoor, outdoor) [5–8]. Within 
this context, the rules of the sport should be 
adjusted and improved whenever necessary such 
as the implementation of protective measures 
(helmets, mouth guards, gloves), time of the dis-
pute, and rest intervals during the games, resulting 
in fairer dispute and contributing to decreasing the 
athlete’s exposure to injuries [9–13].

However, the athletes’ clinical and physical 
conditions are influenced by their age, gender, 
presence of chronic diseases (diabetes, hyperten-
sion, heart disease), overweight, previous inju-
ries, neurological disorders, psychological 
distress, and handicaps. All these conditions do 
not necessarily preclude sports practice, but they 
must be identified and appropriately treated to 
define the best approach before starting sports 
practice and allowing the athlete to perform his/
her activities within a safe zone, minimizing 
exposure to clinical adverse effects [14–17].

Unfortunately, sudden cardiac arrest, one of 
the most overwhelming events in sports practice, 
could signal the first clinical presentation of an 
underlying cardiovascular disease. Without a 
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doubt, this dramatic and stressful clinical event 
could happen in a sports physician’s practice and 
may cause traumatic effects to the sports com-
munity (athletes, coaches, fitness instructors, and 
sports fans) as it could touch young individuals in 
the prime of their lives [18–25].

In this context, pre-participation evaluation (PPE) 
is considered the cornerstone of sports injury pre-
vention as it plays a vital role to assess athlete’s over-
all health, recognizing health problems, and defining 
medical strategies and recommendations to achieve 
and maintain the athletes’ “wellness” [26–28]. The 
PPE main goals are to previously identify:

• Clinical conditions that may be life-threating 
and impose relative or formal contraindication 
to sports practice

• Prior injuries that can be treated and appropri-
ately rehabilitated before starting sports 
activities

• Clinical comorbidities and handicaps that pre-
dispose to illness and injury, recognizing 
high-risk individuals for sports practice

• Also, to assess fitness for a specific sport

Although PPE presents a valuable tool to mon-
itor the athletes’ health during their lifetime in 
sports, offering numerous benefits to their health 
care, this approach is not well- standardized 
worldwide. An example of that is seen in Europe, 
where PPE rules and strategies are not similar 
among the countries [29]. In France, a general 
clinical assessment is well-accepted such as PPE 
for amateur athletes, but, for competitive athletes, 
a more rigorous health control to certify the 
absence of contraindications to sports practice is 
required. For more than 35 years, the Italian gov-
ernment has regulated and established PPE as 
mandatory for competitive athletes, while, in the 
Netherlands, citizens are regularly evaluated [29].

According to the modality of sports, PPE 
should pay particular attention to clinical aspects 
which are commonly associated with specific 
sports injuries. In contact sports such as rugby, 
martial arts, football, and ice hockey, the spine is 
exposed to high-energy trauma that potentializes 
the occurrence of concussion, facial trauma, 

spinal cord injury due to the dynamics of these 
sports [30–32]. Transient quadriplegia is a sports 
injury commonly seen in American football and 
contact sports. This injury results from axial 
trauma with flexion/extension of the athlete’s 
head with underlying cervical spinal canal steno-
sis, a structural disorder that should be investi-
gated and ruled out in these athletes during PPE.

In athletes of wilderness watersports, one of the 
concerns is that the athlete’s breath holding and 
buoyancy capacities are limited to their physical 
status that decreases when exposed to cold water 
condition due to muscle overload in an attempt to 
control body temperature and avoid the occurrence 
of hypothermia [33]. In these athletes, PPE can 
focus on assessing acute and chronic clinical condi-
tions that could impair the athlete’s ability to swim.

In endurance sports, In endurance sports, 
weight-classified sports and aesthetic sports, there 
is a close relationship with pathogenic weight con-
trol behaviors, clinically manifested by disordered 
eating, the decrease of bone mass density, and 
menstrual dysfunction in females. As this patho-
logical condition impacts negatively on athletes’ 
performance, the PPE should take it into account 
[33, 34]. Therefore, all these points reinforce the 
importance of PPE to athletes’ health care.

This chapter presents and discusses elements 
involved in PPE and particularities related to dif-
ferent athletes’ population according to their gen-
der, age (childhood and adolescence, adulthood 
and old age), and level of sports practice (recre-
ational, disabled, and professional athletes).

2.2  Pre-participation Evaluation

A well-structured PPE should be based on ath-
letes’ medical and sports injury history and their 
family’s medical history. It is considered the first 
step to screen and identify possible cardiovascu-
lar injuries related to sudden death. This strategy 
is a useful tool to map populations of athletes 
and tailor PPE regardless of their age, gender, 
modality of sports, and level of sports practice. 
In general, PPE has the same structure and 
design for every athlete, but it should be tailored 
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for each athlete according to their age, gender, 
clinical condition, handicap, as well as the level 
of sports practice (recreational, amateur, and 
professional) reported.

2.3  Periodization of PPE

In clinical practice, it is recommended that PPE 
be applied 6–8 weeks before starting sports prac-
tice because it allows enough time to rehabilitate 
injuries, identify, and manage any medical disor-
ders properly, minimizing the risk of exposing 
athletes to injury.

PPE applied to athletes, recreational or profes-
sional, before starting a new program of sports 
practice is advisable, an important step to mini-
mize the athlete’s exposure to adverse clinical 
events such as a sudden cardiac arrest. Although, 
PPE is a dynamic issue, its advancements involve 
costs which should be justified by the cost-benefit. 
It presents excellent sensitivity, specificity, and 
effectiveness in reducing adverse effects and 
mortality [33–36]. However, its implementation 
also depends on national/regional settings to 
achieve the most accurate physical examination.

As discussed above, PPE may contribute to 
injury prevention and evaluation of prior clinical 
conditions that may predispose the athlete to ill-
ness or injuries as well as to the identification of 
conditions that do not present overt symptoms, 
reinforcing PPE periodization. In clinical prac-
tice, the sports physician’s decision-making takes 
into consideration the questions listed below:

• Is there a formal risk to the athlete?
• Can the athlete:

 – Under medical treatment compete safely?
 – Participate in another sports activity?
 – Be cleared for certain sports?

• Could this problem affect other athletes?

PPE involves anamnesis, an athlete’s general 
health history and sports injuries report and also 
the family health history [33–36]. These data are 
useful as they guide the physical assessment as 
well as laboratory and radiological exams needed 

to evaluate the athlete’s physical health properly 
and, at the same time, rule out adverse clinical 
conditions to sports practice.

2.4  Anamnesis

The PPE anamnesis has a three-key point struc-
ture namely: the athlete’s general health, sports 
injuries, and family health history. All these 
elements are a sensitive tool to analyze the ath-
lete’s health status and screen for potential clin-
ical problems or deficits that can impair the 
athlete’s performance or expose him/her to 
injury or illness. Moreover, it is helpful to carry 
out the physical assessment according to the 
reported data. Before starting PPE application, 
the sports medicine physician should try to 
offer a comfortable environment so that the ath-
letes feel more confident to reply to questions. 
The physician should start talking and asking 
the athletes informally about their motivation to 
sports practice, sports/quality of life, and health 
concerns:

• How motivated are you to play sports?
• Do you feel in good shape to practise sports?
• Have you been sleeping well?
• Do you have any concerns about healthy 

eating?
• Do you have any complaints when playing 

sports?

2.4.1  Athlete’s General Health 
History

It comprises of the data of complaints or clinical 
problems related to body systems, psychological 
status, exertional symptoms, dietary, oral health, 
social behavior, infectious diseases, hospitaliza-
tions, and surgical procedures. A point to be rein-
forced is the role of oral health assessment in 
monitoring nutritional deficiency and also sys-
tematic diseases that could affect athletes’ 
 performance. Table 2.1 summarizes some of the 
relevant points.

2 Pre-participation Evaluation in Sports Practice
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2.4.2  Athlete’s Sports Injury 
and Clinical Complaints 
Related to Sports Practice

Recording the athlete’s prior injuries, their surgi-
cal and rehabilitation treatments after sports 
trauma, and the reports on the regular use of pro-
tective equipment in sports practice allows a better 
understanding of athlete’s health status and physi-
cal condition. In this context, sprains,  fractures, 
ligament injuries, hernia, cervical and head trauma, 
chest pain, fatigue, and difficulty breathing during 

high-intensity exercises should be carefully inves-
tigated by the sports physician [37].

2.4.3  Family Medical History

Considering that people from the same family have 
many aspects in common such as genetics, envi-
ronment, and life style, the athlete’s family medical 
history has a vital role in PPE. It allows tracking 
health information about the athlete’s close rela-
tives and helps to identify chronic diseases that 
could impact the athlete’s health when practicing 
sports like a cardiovascular diseases such as cardio-
vascular disease (hypertension, myocardiopathy), 
diabetes, asthma and exercise-induced broncho-
spasm, gastrointestinal disorders, hematological 
disorders, neurological diseases, eating disorders, 
psychiatric disorders and, cancer that could impact 
the athlete’s health when practising sports.

2.5  Musculoskeletal Screening

A physical examination plays an essential role on 
the PPE process. It allows the screening and eval-
uation of muscle and joint function regarding bal-
ance and motion range symmetry as well as the 
level of muscle force between limbs [37–39]. 
Moreover, a physical examination can reveal 
clues and identify previous or even unknown 
injuries besides muscle weakness, stretching def-
icit, uni- or bilateral joint motion restriction, limb 
discrepancy or malalignment, collagene disease 
(such as Marfan from low expression (hiperlax-
ity) to server) which could present clinical disor-
ders that will expose the athlete to injuries.

2.6  Starting the Physical 
Examination

2.6.1  Inspection

The athlete is asked to wear underwear and no shirt 
for a general view of their body. Starting with the 
athlete’s gait, the sports physician seeks to identify 
any changes in gait such as limping. Then, with the 
athlete in standing position, the skin is screened for 
lesions and scars and also if the spine is aligned.

Table 2.1 Points to be assessed during an athlete’s gen-
eral health exam

Skin
  Dermatitis, allergies (triggered by food, insects, 

medicines), infections (bacteria, virus), acne 
(wrestlers)

Psychological distress or disorders
  Anxiety, depression, OCD, eating disorders, 

anorexia, REDS
Oral
  Gingivitis, tooth loss, tooth pain, herpex simplex
Gastrointestinal disorders
  Gastritis, hepatitis, abdominal tenderness or masses
Neurological
  Mental status, suspicious of sports-related 

concussion, confusion or memory loss after a head 
trauma

Cardiovascular
  Palpitations or irregular heartbeat, exertional chest pain, 

syncope, shortness of breath, and fatigue on exertion
Urinary
  Calculus, infections, nephritis, kidney agenesis
Respiratory
  Chronic respiratory problems (asthma, bk) or acute 

(infections, pneumonia), exercise-induced 
bronchospasm

Musculoskeletal
  Arthrosis, ligament injury, fracture, muscle injury, 

sprain, patellofemoral dislocation, hernia, 
rheumatologic diseases, miopathy

Medication for chronic diseases
  Beta blocker, diuretic, antidepressive, steroids, 

anti-inflammatory drugs
Prior surgeries
  Fracture, ligament reconstruction, arthrodesis, heart 

revascularization
Endocrinological
  Diabetes, hyperparathyroidism, hypercholesterolemia
Hospitalization/previous surgeries
  Fracture, ligament reconstruction, arthrodesis, heart 

heart revascularization, prothesis
Special clinical signs in females
  Menstrual dysfunction, amenorrhea or 

oligomenorrhea, osteoporosis (young female)

S. R. Piedade et al.
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2.6.2  Oral Health Assessment

The athlete is requested to open their mouth by 
placing two folded fingers (index and middle) at 
the distal interphalangeal joints of the mouth 
which allows the physician to check any restricted 
motion of TMDs (temporomandibular disorders). 
Besides that, the oral health status is checked 
regarding the status and color of the lips, muco-
sas, and teeth conditions (integrity, biofilm stag-
nation (bacterial plaque), the presence of calculus 
(tartar), dental loss, and also tooth wear (indirect 
signs of anxiety, depression, or stress that could 
commonly be associated with bruxism). The 
oral health exam is vital to assess the athletes’ 
oral hygiene and its maintenance (periodical 
exams) as well as to identify clues of systemic 
diseases that impact the athletes’ performance.

2.6.3  Dynamic Physical Evaluation

It should be emphasized that the physical exami-
nation is guided by the anamnesis (athletes’ gen-
eral health history, athletes’ sports injuries and 
clinical complaints related to sports practice, and 
also their family medical history). In clinical 
practice, the physical exam starts with the spine 
motion and then goes on to upper limbs and fin-
ishes with lower limbs; the most common clinical 
tests performed in this evaluation are presented in 
Fig. 2.1. However, it should be emphasized that 
the physical assessment is carried out according 
to the reported data in the anamnesis (athlete’s 
general health history, sports injuries, clinical 
complaints related to sports practice, and also 
their family medical history).

2.7  Regarding PPE in Different 
Age Groups

2.7.1  In Childhood and Adolescence

In many countries and regions due to the eco-
nomic conditions, sports participation is a huge 
opportunity for children and adolescents to 
change their lives and also have access to health. 
Thus, PPE plays an essential role in it. Sports 
practice during childhood and adolescence is con-

sidered an important factor associated with health 
in adulthood and old age, and, therefore, it is vital 
to public health actions [40–42]. Consequently, 
millions of children and adolescents are involved 
in organized sports worldwide every year. 
However, it should be taken into account that this 
population involves individuals that are develop-
ing their biological patterns as well as social 
behaviors that will manifest during the rest of 
their lives. It should be kept in mind that the bone 
and joint maturation is a high energy process that 
involves biomechanical changes of the living tis-
sues. In childhood, a bone is defined as an imma-
ture structure which is weaker (less mineralized) 
and ductile, while during adolescence it starts 
becoming more mineralized, conferring a stiff 
and brittle characteristic to it, until bone matura-
tion takes places (Fig. 2.2). In this context, indi-
viduals younger than 18  years old should be 
followed closely due to the huge and rapid body 
changes occurring in childhood and adolescence. 
Therefore, childhood involves biological and clin-
ical patterns that make these athletes different 
from adult athletes, and, therefore, children can-
not be considered as “small adults”.

In children and adolescents starting regular 
physical exercises and sports practice, PPE is 
helpful to screen unfavorable athletes’ clinical 
conditions to some modalities of sports. For 
instance, in contact sports, the athletes are sub-
mitted to high-energy trauma as well as physical 
demands (Fig. 2.3).

An example of that is a young patient with a 
medical health history of rhinitis or recurrent 
sinusitis willing to practice swimming. This 
condition does not necessarily exclude its prac-
tice but allows the sports physician to identify 
the problem previously and treat the athlete 
adequately before letting him practise water 
sports.

Regarding the psychological aspects, a young 
athlete can became stressed due to training, com-
petiting, and also their parents’ unconscious 
behavior of projecting their own personal desire 
to be champion on their sons and daughters. All 
these aspects may impact a young athlete’s social 
behavior, and, therefore, alcohol, smoking, and 
also drug addiction should be carefully investi-
gated. Thus, it is recommended that the athlete’s 
parents or guardian be present at PPE to confirm 
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and add details of the athlete and family medical 
history [27–29].

As stated before, the periodicity of PPE is 
essential as it can identify the initial stages of 
energy deficiency in sports (REDs), a clinical 

problem that affects both men and women and 
involves low energy availability (involving eating 
disorders or not), low bone mineral density, and 
menstrual dysfunction and, therefore, should be 
carefully investigated [43, 44].

SPINE ASSESSMENT

observation (alignment and symmetry) flexion / extension

flexion / extension lateral flexion / rotation

UPPER / LOWER LIMB ASSESSMENT

shoulder abdution + external rotation

internal shoulder rotation and adduction

shoulder abduction
against resistance

duck walk test

shoulder shrug
against resistance

hand and finger
flexion / extension

standing on heels and toes

elbow external / internal rotation

elbow flexion / extension

Fig. 2.1 Dynamic 
physical evaluation

S. R. Piedade et al.
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a

b

Fig. 2.2 Coronal T1 (a) and T2 fat sat (b) weighted of normal MRI views of the knee in young patients aged 4, 8, 12, 
and 17 years old

Fig. 2.3 Female rugby 
athletes
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In general, the physical assessment in child 
and adolescent athletes focuses on the symmetry 
of lower-and-upper-limb joint movement 
strength, according to the modality of sports and 
its physical demands on the joints and muscles. 
In child and adolescent athletes, laboratory tests 
and radiological evaluation are requested, 
depending on the specific clinical disorder 
reported during the anamnesis or suspected in the 
physical assessment.

2.7.2  Adulthood and Old Age

Data from the World Health Organization has 
shown an increase in life expectancy in recent 
decades. In 2016 the average life expectancy at 
birth was 72 years. The global average life expec-
tancy increased by 5.5 years between 2000 and 
2016, the fastest increase since the 1960s [45]. 
Adulthood and old age are periods of life in 
which degenerative and chronic diseases begin to 
manifest (Fig.  2.4). Figure  2.3 compares the 
radiological patterns of a normal knee joint to a 
medial degenerative one.

According to a person’s social habits, obesity, 
hypertension, diabetes, hypercholesterolemia, 
arthrosis, and cardiovascular diseases will take 
place. With the increasing ageing of the popula-
tion, many people have begun to take up physical 
activity on a voluntary basis for a better quality of 
life and health benefits in the treatment and pre-
vention of various diseases [46–50].

The population aged 35  years and older, so- 
called “masters” athletes, represents a challenge 
for health-care providers who are asked to make 
decisions regarding assessments of cardiovascular 
risk associated with different types of physical 
activity. Currently, there are no validated tools to 
help physicians assess the risk of physical activity 
in master athletes because most tools are geared 
towards screening younger participants [51]. 
Ageing athletes are exposed to exercise- induced 
cardiovascular events related to undiagnosed cor-
onary artery disease, which is the primary cause 
of sudden cardiac death in masters’ athletes [52].

The American Heart Association (AHA) and 
the American College of Sports Medicine (ACSM) 

developed the American Heart Association/
American College of Sports Medicine Pre-
participation Questionnaire (AAPQ) to enable 
cost-effective screening for cardiovascular risk 
among individuals who desire to initiate a fitness 
program [53]. If a subject responds positively to 
any of the statements regarding cardiac history or 
symptoms, or to two or more of the statements 
regarding risk factors, a recommendation is made 
for a pre-participation evaluation.

The 2001 Masters Athletics Working Group 
developed pre-participation guidelines for those 
who desire to participate in more competitive 
sporting events [54]:

• Stress test for men aged >40 years and women 
aged >50 years who also have one of the fol-
lowing conditions: hypercholesterolemia, sys-
temic hypertension, current or recent cigarette 
smoking, diabetes mellitus, or history of myo-
cardial infarction or sudden cardiac death in a 
first-degree relative aged <60 years

• Stress testing for all athletes aged ≥65 years
• Electrocardiogram (ECG) for all athletes male 

and female aged >40 years

Self-administered surveys such as the Physical 
Activity Readiness Questionnaire for Everyone 
(PAR-Q+) [55], the European Association of 
Cardiovascular Prevention and Rehabilitation 
(EACPR) recommendations [56], and the 
Framingham Risk Score (FRS) can be used in pre-
participation screening of masters athletes [57].

Although some imaging tests that have sensi-
tivity approaching close to 100% would be ideal 
to ascertain the prevalence of cardiovascular dis-
ease (Fig. 2.5), they are not performed routinely 
in PPE.  The main reasons are that the current 
evidence for incorporating cardiac imaging into 
pre- participation screening is insufficient, 
expensive, potentially radioactive, and not indi-
cated for testing generally healthy asymptomatic 
low-risk patients [58].

The optimal method to screen masters athletes 
requires continued study to decrease the number 
of false-positive with available and cost-effective 
screening tools to identify potentially at-risk 
individuals.

S. R. Piedade et al.
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2.7.3  Disabled Athletes

Disabled athletes are a particular group of individu-
als that have functional impairment that could vary 
according to its cause. Considering that sports 
practice requires significant physical demands, dis-
abled athletes should be subcategorized and also 
classified according to the type of physical handi-
cap [59]. This allows the classification of athletes 
according to their functional impairment, estab-
lishes fair competition, and also minimizes the risk 

of  athletes’ injury in sports practice and competi-
tion events. In this context, the main reasons for 
functional impairment are summarized in Table 2.2.

In clinical practice, the ten most common 
physical impairments reported in disabled ath-
letes are listed in Table 2.3. They serve as one of 
the parameters adopted to classify the athletes’ 
functional level. However, it should be empha-
sized that the disabled athletes’ classification 
remains a dynamic process. Each year, the 
 technological advancement in the sports medicine 

a

b

Fig. 2.4 Anteroposterior, lateral, and axial X-ray views 
of the knee (a) in the healthy knee of a 20-year-old patient. 
(b) Osteodegenerative changes (narrow of medial articu-

lar space, subchondral sclerosis, and femorotibial and 
femoropatellar osteophytes) in a 65-year-old patient
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area has caused improvements in medical evalua-
tion and diagnosis and consequently has promoted 
update on disabled athletes’ functional classifica-
tion for the Paralympics [60].

2.7.4  Elite Athletes

In general, in professional sports, the modality of 
sports and its dynamic (contact and noncontact 
sports) involve different physical demands. In 
this context, PPE focus should take into account 
the athlete’s position in the field and its inherent 
risk, psychological and physical maturity, as well 
level of competition.

Elite athletes work under an elevated level of 
physical and psychological stress due to their level 
of competition, financial interests, and  injuries. 
Therefore, in high-performance athletes of long 
running, cycling, endurance sports, football, bas-
ketball, volleyball, and MMA, PPE should involve 
a careful cardiological screening with a specialist, 
including an electrocardiogram at rest, laboratory 
tests for levels of glycemia, and cholesterol and tri-
glyceride levels. The heart structure and function 
adapted to physical activity are screened by a 
Doppler echocardiogram, while an ergometric and 
cardiopulmonary test should be performed until 
exhaustion or stopped if the athlete presents adverse 
clinical signs or symptoms during the exam.

a

b

Fig. 2.5 Normal CT coronary angiography with no ath-
eromatous plaques (a). Three-dimensional volume ren-
dering technique and (b) maximum intensity projection 

technique. RCA right coronary artery, LAD left anterior 
descending, and CX circumflex artery

Table 2.2 Main reasons for functional impairment in 
disabled athletes

Spinal cord injury Amputations
Cerebral palsy Collagenosis
Muscular dystrophy Limb malformation
Myelomeningocele Acquired injuries due to traumas
Poliomyelitis Blindness and low vision

Table 2.3 Most common physical impairments reported 
in clinical practice

Severely affected muscle power Hypertonia
Impaired passive range of 
motion

Ataxia

Total or partial limb loss Athetosis
Limb length discrepancy Visual impairment
Short Intellectual 

impairment
aAthletes with intellectual disability as well as youngsters 
with learning disabilities should be more explicitly 
instructed before starting regular sports practice
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