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Introduction

Pitchers tend to have shoulder injuries as a result of the high
forces to which this joint is submitted during the pitch. The
dynamic stabilizers of the glenohumeral joint include the
rotator cuff, the scapulothoracic muscles and the long head
of the biceps tendon. The static stabilizers static include the
bone anatomy, thefibrocartilaginous lip, and the joint capsule.

A single traumatic event can cause an injury; however, it is
more common that the repetitive overload leads to failure of
one or more structures. The act of pitching requires a coordi-
nate action that progresses from the tip of the toes to the
fingers of the hand. This string of events was described
conceptually as kinetic chain.1 In order for this to work
effectively, a sequential muscular activity is necessary so
that the energy generated in the lower part of the body is
transmitted to theupper part and, lastly, to theball.2Thespeed
of the ball is determined by the efficiency of this process. Body
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Abstract Most shoulder injuries occur due to repetitive overhead movements. Before studying the
treatment of these shoulder injuries, it is paramount that health professionals have an
understanding of the etiology of and the underlyingmechanisms for shoulder pathologies.
The act of overhead throwing is an eloquent full-body motion that requires tremendous
coordination from the time of force generation to the end of the pitch. The shoulder is a
crucial componentof theupper-bodykinetic chain, as it transmits force created in the lower
body to the arm and hand to provide velocity and accuracy to the pitch.
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Resumo A maioria das lesões do ombro ocorre devido aos movimentos repetitivos acima do
nível da cabeça. Antes de estudar o tratamento dessas lesões, é fundamental que os
profissionais de saúde tenham um entendimento da etiologia e dos mecanismos que
causam essas patologias. O ato do arremesso acima do nível da cabeça exige
considerável coordenação de todo o corpo, desde o momento de geração de força
até o final do arremesso. O ombro é um componente crucial da cadeia cinética da
extremidade superior, por transmitir a força gerada na extremidade inferior para o
braço e mão para produzir velocidade e precisão no lançamento da bola.
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rotation and the position of the scapula are key elements in
thekinematic chain. Inprofessional pitchers, there is a delicate
balance between mobility of the shoulder and stability. The
shoulderneeds tobemobileenoughsothat theextremepoints
of the rotation are achieved and the speed is transmitted to the
ball; however, at the same time, the shoulder must stay stable
so that the humeral head stays within the glenoidal cavity,
creatinga stablehub for rotation,which isknownas “thrower’s
paradox.”3 At each pitch, the soft tissue envelope that circles
the shoulder is submitted to a load that is very close to the
maximum load supported, which leads to the possibility of
injury.3 Even though the standards of the injuries in cases of
pitcher shoulder are common and predictable, there still is
controversy about the exact mechanisms that lead to these
injuries. Recent biomechanical studies have helped improve
the understanding of the pathogenesis of the injuries in
pitchers.4–6 Moreover, quantitative information about the
normal or pathological biomechanics and kinematics have
helped the development of strategies for the prevention and
treatment of injuries, as well as for rehabilitation.7–9

Pitch Kinematics

The pitch was divided into six phases, which usually take less
than two seconds to occur.10,11 The first 3 phases consist of
preparation, stride and arm elevation, and take approximately
1.5 seconds in total. Although the fourth phase, acceleration,
lasts about 0.05 seconds, the highest angular speeds and the
greatest change in rotation occur during this phase.12 The last
two phases are deceleration and execution, and, together, they
last approximately 0.35 seconds12 (►Figure 1). As certain
lesions occur at certain stages, it is important to determine
when pain or a problem occur.

The speed of the ball depends on a variety of biomechanical
factors, but is more directly related to the amount of lateral
rotation that the shoulder performs.13 To generate maximum
pitch speed in the most efficient way, the lower and upper
extremities must work in a synchronized and coordinatedway.
Professional pitchers can generate ball speeds that exceed
144.8km/h; tocreatesuchaspeed, theshoulder reachesangular
speeds of up to 7 thousand degrees/s.13 After the release of the
ball, the shoulder of a professional pitcher can be exposed to
distracting forces of up to 950N.14 In the deceleration phase,
there are compression forces created by the rotator cuff and

deltoid muscles in the 1,090N range, as well as posterior shear
forces of up to 400N.14 The anterior part of the capsule resists
approximately 800N to 1200N in individuals aged 20 to
30years.15 Therefore, if compressive forces do not counterbal-
ance the high forces of distraction, injuries will occur.15 The
studybyKibleret al1 largelycontributed to theunderstandingof
scapular dynamics, injury prevention and treatment. It is
estimated that only half of the kinetic energy transmitted to
the ball comes from the arm and shoulder. The other half is
generated by the rotation of the trunk and lower limbs, and is
transferred to the upper extremity through the scapular joint,
making this joint an important, but often neglected, part of the
kinetic chain.16 A dynamic analysis of the shoulders during the
pitch added to our current knowledge of normal and abnormal
function and, by demonstratingwhichmuscle groups are active
during the pitch in each phase, it helpedguide the development
of prevention and rehabilitation programs.17

Pathogenesis of Lesions

The pitcher’s shoulder is susceptible to injury due to the
convergence of the following factors: attenuation of the con-
strictors of the anterior capsule, contracture of the posterior
capsule, development of scapular dyskinesia, kinetic chain
breakage and repetitive contact of the greater tuberosity
and the posterosuperior lip. Each of these factors was evaluat-
ed and strategies were suggested for injury prevention.

Previous Capsule Laxity
Biomechanical studies have shown that the anterior capsule,
particularly the anterior band of the lower glenohumeral
ligament, is the main restrictor of the anterior humerus
translationwith thearminabductionand lateral rotation.18–20

Therefore, repetitive stress in this area and the pitcher’s desire
to reach increasing levels of lateral rotation lead to a laxity of
the anterior capsule.18–20 Although the assigned causes are
controversial, pitchers in fact have more passive lateral rota-
tion than rotation of the contralateral shoulder.21,22 If the gain
in lateral rotation is greater than the loss of medial rotation,
there is laxity of the restrictors.21,22 In support of this, a work
by Jobe et al23 describes the tensioning of the anterior capsule
as a means for the athlete to resume pitching. Although in the
study by Jobe et al23 this procedurewas successful for patients
(68% of the patients presented excellent results and returned

Fig. 1 Phases of the pitch: (1) preparation; (2) stride; (3) arm elevation; (4) acceleration; (5) deceleration; and (6) execution/finish. Source:
Drawing by the author.
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to their preinjury levels, and 96% were satisfied with the
surgery), the violation of the subscapularis muscle and the
excessive tension explain why not all patients were able to
return to their pre-injury levels after the reconstruction.With
the progression of the anterior laxity, there is increased lateral
rotation and increased contact between the back of the cuff
and the lip, which facilitates the occurrence of injuries.24

Subsequent Capsule Contracture
Over time, pitchers develop decreased medial rotation,
especially when measured during abduction.25 It is believed
that this decrease in medial rotation occurs for two reasons.
First, the increase in the retroversion of the humerus
observed in pitchers manifests itself with a loss of medial
rotation. However, this loss, due tobone remodeling, is accom-
panied by a symmetrical gain in lateral rotation.25 Another
means of medial-rotation loss is the contracture of the poste-
rior capsule. It is believed that the median-rotation deficit of
the glenohumeral joint occurs as a scar process in response to
chronic distracting forces applied to the posterior capsule
during the performance of the pitch.25 Rotational loss due to
capsular contracture is evident when the median-rotation
deficit of the glenohumeral joint exceeds the one that can be
explainedonlybybone remodeling (more than12°), andwhen
the loss of medial rotation exceeds the increase in lateral
rotation compared to the contralateral side.25

Biomechanical Consequences of the Medial Rotation
Deficit of the Glenohumeral Joint
Current clinical and biomechanical studies26,27 have shown
that themedian-rotationdeficit of theglenohumeral jointmay
be the sentinel event in the pathological cascade that many
pitchers go through. The authors found that pitchers who had
superior labial lesions had a median rotation deficit of the
glenohumeral jointgreater than25°.26,27Evensmalldegreesof
medial-rotation deficit of the glenohumeral joint (such as 5°,
for example) put the shoulder at risk of injury and eventual
need for surgery.26,27 The posterosuperior displacement that
occurs with the median rotation deficit of the glenohumeral
joint is due to posterior and lower capsular contracture, which
does not enable the total lateral rotation of the humerus.
Therefore, the athlete begins to rotate around a new center
of rotation,which ismoreposteriorandproximal. Essentially, a
contracted posteroinferior capsule displaces the humerus
more posteriorly and proximally (►Figure 2).6

Scapular Dyskinesia
Dyskinesia is a static or dynamic abnormality of the scapular
position. Shoulder pain leads to an inhibition of the lower
trapezius and anterior serratusmuscles, and to a contracture
of the upper trapezius and smaller pectoral muscles.28–31

This muscle imbalance leads to a prostration of the scapula.
Pitchers with loss of medial rotation due to capsular contrac-
ture end up using medial scapular rotation to perform the
pitch. Over time, the scapula loses the static restrictors, and
probably overloads the dynamic restrictors, and the scapula
deviates from the midline and moves anteriorly.32 Thomas
et al33 demonstrated that the greater the median rotation

deficit, the greater the changes in the position and mobility
of the scapula. They evaluated 43 professional baseball
players, and, in 22 athletes, deficits greater than 15° were
found, in which there was higher scapular dyskinesia, with
statistical significance. In another study by Thomas et al,34 a
temporal relationship was demonstrated between scapular
dyskinesia and the medial-rotation deficit of the glenohum-
eral joint, in which more experienced baseball players had
greater deficits, with statistical significance.

Effects of Excessive Scapular Protraction
There are several biomechanical consequences of a scapula
with excessivemedial protraction or rotation. First, there is a
weakness of the rotator cuff. As the rotator cuff complex
essentially originates from the scapula, if there is an unstable
platform, these muscles will not function properly.35 In
addition, increased protraction increases the version of the
scapula, leading to anterior destabilization and increased
overload in the anterior ligaments.36 Excessive protraction
also increases the degree of impact between the posterior
rotator cuff and the posterior region of the glenoid during
abduction and lateral rotation.26 The study by Laudner et al37

evaluated that pitchers diagnosed with pathological internal
impact showed a statistical significant increase in the eleva-
tion of the sternoclavicular joint and scapular deviation
during shoulder elevation in the plane of the scapula.

Fig. 2 Posterior and proximal displacement of the humeral head.
Source: Drawing by the author.
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Common Pathological Conditions and
Treatment Options

Mobility and Instability
Mobility is defined as passivemovement of a joint in a special
direction or rotation.38,39 Hyperelasticity can be physiologi-
cal or pathological, and may predispose to lesions. The term
shoulder instability is reserved for the feeling of excessive
humeral head movement in relation to the glenoid, which is
usually associatedwith pain or discomfort. Fewpitchers have
symptoms of instability, although the term instability has
been used in many studies to describe the syndrome that
occurs in pitchers. While some degree of hyperelasticity can
help the athlete compete at a high level in sports involving
pitching, the excess may be responsible for the development
of certain pathological conditions of the shoulder. This has
been called atraumatic instability, which is believed to be
due to the repetitive stress that occurs during pitches.40

Kuhn et al41 coined the term pathological hyperelasticity,
which we also believe is a more accurate description of what
is actually happening.

SLAP Injuries
The superior labral tear from anterior to posterior (SLAP)
lesion is an important clinical cause of shoulder pain. Bur-
khart and Morgan42 proposed that SLAP injuries in pitchers
occur by the peel-back mechanism, which is defined as an
increase in tension at the origin of the biceps during maxi-
mum lateral rotation during the pitch. Laboratory studies
have shown that the long head of the biceps is an important
dynamic restrictor of lateral rotation when the arm is
abducted.43 Conservative treatment is recommended ini-
tially, and its main objectives are to provide a decrease in
pain, a gain in motion arc and a focus on dynamic strength-
ening, with an emphasis on the stabilizers of the scapula and
rotator cuff.42 If this fails, the surgical treatment is indicated,
which usually is arthroscopic and varies according to
the degree of the injury.42

Rotator-Cuff Injuries
About 62% of the injuries to the pitcher’s rotator cuff are partial-
joint injuries.6 These injuries in pitchers are usually found
posterosuperiorly at the junction of the adrenal and infraspinal
insertions.44,45 Physiotherapy should be considered the initial
treatment for partial cuff injuries in pitchers. Simple debride-
menthasnot showngood results inpitchers. ThestudybyPayne
et al46evaluatedathletes submitted to simpledebridementwho
were divided into two groups (pitchers with traumatic injuries
andnon-traumatic injuries). Inpatientswith traumatic injuries,
there was a satisfactory result in 86% of the cases, and 64%
returned to the sport. In the pitchers with non-traumatic
injuries, there were satisfactory results in 66% of the cases,
and return to the sport in 45% of the cases.

Impact
Different types of impact havebeendescribed in the literature,
including the classic, subacromial, secondary and internal
impacts.47–52 The internal impact is a pathological phenome-

non inwhich the rotator cuffmeets theposterosuperior aspect
of the lip with the shoulder at the maximum degree of
abductionand lateral rotation.53,54Several studieshaveshown
that this type of impact is most likely caused by fatigue of the
scapular waist muscles due to lack of conditioning or over-
training.55,56 These studies have shown that, during accelera-
tion phase of the pitch, the humerusmust be alignedwith the
scapular plane. From the moment the muscles become
fatigued, the humerus comes out of the plane of the scapula,
which is called hyperangulation, leading to an overload of the
anterior capsule.57

General Treatment Guidelines
The treatment begins with conservative measures. The con-
tracture of the posterior capsule should be addressed, and a
stretching and mobilization program must be carried out.
The stretching should isolate the glenohumeral joint so that
scapular compensation isminimized.26 The evaluation of the
kinetic chain is essential. Lumbar contracture, weakness of
the hip abductors and decreased medial-leg rotation should
be investigated.26 Scapular dyskinesia, which is commonly
present, can usually be treated with exercises that help
restore normal scapular mobility. The first step in scapular
rehabilitation should focus on neuromuscular reeducation of
the escaping stabilizing muscles. Strengthening should be
initiated after this phase.26 Strengthening the muscles of the
rotator cuff should be performed, especially of the infra-
spinatus muscle, through lateral rotation exercises with
resistance, which protects the rotator cuff from injury.26

The surgical treatment is indicated in cases of failure of
the conservative treatment. Three to four months of physio-
therapy are usually attempted, and the therapy should be
prolonged if the athlete presents progressive improvement
of the condition.26 Most pitchers, especially younger ones,
are able to recover from the moment there is resolution of
the scapular dyskinesia and the medial-rotation deficit.

Final Considerations

The performance of pitchers is often limited by shoulder
injuries. These problems are complex and, therefore, difficult
tomanage. The problems occur as a result of a combination of
muscle imbalance,muscle fatigue, hyperlaxity of the anterior
capsule, contracture of the posterior capsule, altered
mechanics of the pitch, scapular dyskinesia, increased
humeral retroversion, and repetitive microtraumas. As a
result, in pitchers we have observed lesions involving the
lip, the joint side of the back of the rotator cuff, and the
proximal insertion of the long head of the biceps.

The mechanisms and etiologies of the injuries in pitchers
are becoming more well-defined. Although there is contro-
versy over what would be the initial event, the typical injury
patterns remain the same.

Before we think about treatment options, it is essential to
get a detailed history, and to perform a physical examination
and additional imaging studies to get to the correct diagno-
sis. The treatment of shoulder injuries should be initiated
with a protocol that focuses on restoring the arc of motion,
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strengthening and specific stretching to promote stability of
the scapula, shoulder and core muscles (deep muscles of the
abdominal, lumbar and pelvic regions that aim to maintain
the stability of this region). In addition, physicians, physi-
otherapists and trainers involved with pitchers should have
extensive understanding of the entire pathophysiological
cascade that leads to injuries in these athletes.
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