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Abstract: Overhead sports place a significant amount of
stress on the shoulder. There are a variety of activities and
sports with overhead athletes including both throwing
(baseball, softball, football, cricket) and nonthrowing
(tennis, swimming, volleyball) sports. Although all of these
overhead motions can lead to pathology, a large focus has
been on the consequences of overhead throwing. Overhead-
throwing sports place forces on the joints, muscles, tendons,
and ligaments that vary through the spectrum of athletes,
as does the potential injuries that may be caused by these
forces. The primary joints that are commonly injured in
overhead sports are the shoulder and the elbow. The goal of
this article is to discuss the impact of overhead motions on
the shoulder, with a primary focus on throwing, as well as to
highlight the osteopathic approach to assessment, treatment,
management, and prevention.
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Overhead sports place a significant amount of stress on the
shoulder. There are a variety of activities and sports with
overhead athletes including both throwing (baseball, soft-
ball, football, cricket) and nonthrowing (tennis, swimming,
volleyball) sports. Although all of these overhead motions
can lead to pathology, a large focus has been on the conse-
quences of overhead throwing.

*Corresponding author: Arthur J. De Luigi, DO, MHSA, Hall of Fame
Sports, LLC, Scottsdale, AZ, 85259, USA, E-mail: ajweege@yahoo.com.
https://orcid.org/0000-0003-4610-529X

George Raum, DO, Department of Physical Medicine & Rehabilitation,
University of Pittsburgh Medical Center, Pittsburgh, PA, USA. https://
orcid.org/0000-0002-9879-9011

Benjamin W. King, BS, Emory University School of Medicine, Atlanta, GA,
USA. https://orcid.org/0009-0007-9756-3203

Robert L. Bowers, DO, Departments of Physical Medicine & Rehabilitation
and Orthopedics, Emory University School of Medicine, Atlanta, GA, USA.
https://orcid.org/0000-0001-6549-090X

The activity of throwing is a complex task that requires
the coordinated effort of the upper and lower extremities as
well as the trunk. During overhead activities such as
throwing, forces are transmitted through the kinetic chain
that influences the kinematics at the shoulder. Injuries can
occur as a result of a number of reasons, with modifiable
internal and external risk factors. The majority of injuries to
the overhead-throwing athlete occur in the upper extrem-
ities and in particular the shoulder and elbow.

Overhead-throwing sports are played by people of many
ages ranging from youth to adult athletes. The forces placed
on the joints, muscles, tendons, and ligaments vary through
the spectrum of athletes as do the potential injuries that may
be caused by these forces. One of the primary differences
between youth, adolescent, and adult athletes is the vulner-
ahility of the open growth plate to both repetitive overuse and
acute injuries. The forces and angular velocities applied to
the growth plate during the early playing days may lead to
structural variances and future injuries [1]. The stresses to the
growth plate can also have future consequences and lead to
other injuries after the growth plates have closed [1].

In addition to the differences in the anatomy due to the
growth plates, there may be muscular imbalances, scapular
dysfunction, or dyskinesis that may cause excessive loads of
a structure and increase the risk of future injuries [2]. One of
the major consequences of these changes may cause a
reduction in internal range rotation and total arc of motion
(TRM) of the dominant throwing shoulder, which may cause
a cyclic effect of additional imbalances and tightness of the
muscles of the shoulder [3].

The goal of this article is to discuss the impact of over-
head motions on the shoulder, with a primary focus on
throwing, as well as highlight the osteopathic approach to
assessment, treatment, management, and prevention.

Shoulder anatomy

The shoulder is a complex anatomical structure that is
comprised of multiple bones, joints, muscles, tendons, and
ligaments. The bones that make up the shoulder are the
humerus, scapula, and the clavicle. The shoulder has three
bony (glenohumeral, acromioclavicular, sternoclavicular)
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articulations and one soft tissue articulation (scapulothoracic).
The glenchumeral articulation is stabilized with the labral
complex, which is a cartilaginous structure that extends from
the glenoid and encapsulates the humeral head. The primary
shoulder muscles are the deltoid and the four muscles
that make up the rotator cuff (supraspinatus, infraspinatus,
subscapularis, and teres minor). There are also multiple sec-
ondary muscles that contribute to the motion of the shoulder
and scapular stabilization such as the biceps brachii, triceps,
latissimus dorsi, trapezius, rhomboids, and levator scapula.
Each of these primary and secondary muscles have tendons
with origins and insertions that are prone to potential trau-
matic or overuse injuries. Additionally, there are five general
bursa (subacromial-subdeltoid, supra-acromial, subscapular,
subcoracoid, and coracoclavicular) that help protect the
muscles and tendons from injury from adjacent bony promi-
nences [4].

Shoulder biomechanics of throwing

The biomechanics of throwing can be broken down into four
to six phases (football vs. baseball) that require the coordi-
nated effort of the upper and lower extremities as well as the
trunk. The focus of this review will be on the shoulder as it
progresses through these four to six phases to complete a
throw. The four phases in football are known as the Early
Cocking, Late Cocking, Acceleration, and Follow Through [5].
The biomechanics of throwing a baseball or softball over-
head adds the Windup and Arm Deceleration Phases [5].
Although there is typically a starting position in which a
foothall player starts their “windup” to throw and their arm
decelerates after they release a football, these are not known
as official phases in the throwing biomechanics of throwing
a football. For this article, the biomechanics of throwing a
baseball will be reviewed related to the shoulder position
and motions throughout the six phases [5].

The initial phase is known as the Windup Phase. The
Windup Phase begins with the first movement as the
athlete transitions from a static balanced position with the
athlete’s feet and arm set. The Windup Phase is completed
when the lead leg reaches maximum knee height, which
varies depending on whether the athlete is throwing from a
fielding position, pitching from the windup, or utilizing a
slide step from the stretch. The shoulder starts in a static,
internally rotated position so that the hands are together
(paired with a gloved contralateral hand in baseball)
holding the ball in front of the chest. The shoulders may be
flexed forward to bring the hands and ball overhead during
a windup but does not bring the hands and ball overhead
during a throw/pitch from the stretch position [5].
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The next phase is known as the Stride/Early Cocking
Phase and prepares the arm for the throw. The scapula will
rotate upward in a retracted position to allow the deltoid
and rotator cuff to begin to abduct the arm in the Early
Cocking phase. During this phase, the Throwing Shoulder
will undergo extreme external rotation (ER) that stretches
the anterior musculature in preparation for a forceful
contraction. As the body moves forward, the trunk will
rotate so that the lead shoulder will be directed toward the
target. This phase ends when the lead/stride foot contacts
the ground toward the target [5].

During the Late Cocking Phase, the shoulder will reach
maximal external rotation (MER) [6]. In order to achieve
MER, the scapula remains retracted as the shoulder abducts
to 90-110° and externally rotates between 50 and 185° [7, 8].
Additionally, in order to reach MER, there is coordinated
eccentric contraction of the subscapularis, latissimus dorsi,
and the pectoralis major and concentric contraction of the
infraspinatus, teres minor, and deltoid [5]. The shoulder
abducts 90-100° as MER is achieved, ending the Late Cocking
Phase [5].

The next phase is known as the Arm Acceleration Phase
and progresses from MER into a forceful internal rotation
(IR) until the ball is released, and the Arm Acceleration
Phase is one of the fastest human movements in sports [5,
9]. During the acceleration phase, the rotator cuff muscle
activity is three times greater for the amateur pitcher
compared to professional pitchers [10]. The release of the
ball marks the end of the Arm Acceleration Phase and the
transition to the Arm Deceleration Phase.

The Arm Deceleration Phase begins as the ball is
released and the thrower attempts to decelerate their arm
movement and transition into the Follow Through Phase
and to complete the entirety of the throwing motion.
Maximal Internal Rotation (MIR) is achieved during the
Arm Deceleration Phase. During this phase, the shoulder
also horizontally adducts as the arm comes across the body
into the Follow Through Phase [5]. Arm deceleration is
achieved through the coordinated scapular stabilization by
the rhomboids and the serratus anterior in conjunction
with the eccentric contraction of the posterior deltoid,
infraspinatus, and teres minor [5].

The throwing motion ends with the Follow Through
Phase as the shoulder comes to rest and the feet are planted
firmly on the ground. The body slows down and comes to rest
during the Follow Through Phase and muscle activation is
“quiet.” [5,10] The Follow Through Phase is completed when
the body is balanced and back under control.

Although the Phases of Throwing remain the same,
there are variations in the motion that are based on
throwing velocity, pitch types, joint loads, location, and
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frequency of throwing. These are a few factors that may alter
the throwing biomechanics and can add risk of injury to the
throwing athlete.

The osteopathic approach to the chief
complaint of “my shoulder hurts”

As with any assessment, the Osteopathic approach be-
gins with a proper history beginning with standard infor-
mation such as age, handedness, trauma, overuse, and past
injury medical history. Additional sports-specific history is
necessary for the throwing athlete. It is standard to obtain a
History of Present Illness/Injury (HPI) for any patient
complaint, but there is other specific information that can be
asked that may help with the proper diagnosis and manage-
ment of the presenting injury. It is always important not only
to know when and how the injury occurred, but also to know
what took place before the injury. These questions would
include: time of onset of symptoms; the phase of throwing
when they felt or feel the pain; changes in accuracy, velocity,
stamina, and strength; changes in training regimens; history
of previous injuries to the current joint/location; and other
existing or prior injuries that may have altered their biome-
chanics if they were compensating [11]. Additional question-
ing may uncover other pertinent information to aid the
assessment.

One of the most important questions is whether they are
a pitcher or a catcher because the throwing volume, fre-
quency, and intensity are typically higher for these posi-
tions. Some of the specific external risk factors for the
throwing athlete include the number of pitches thrown in a
game, the type of pitches being thrown, and the number of
months pitched during a calendar year [12, 13]. However, the
number of pitches in a game does not accurately reflect
the number of throws an athlete may complete. There is
a significant volume of unaccounted workload from the
warm-up pitches off the mound and the pregame warm-up,
as well as the throws that may be completed if the athlete
plays in the field when they are not pitching [14]. To help
obtain a more accurate count of the number of throws for a
pitcher, Zaremski et al. [15] conducted the first study that
counted all pitches off the mound for a pitcher on gameday.
The results revealed that the volume of pitches reported
during a game is 42 % less than the actual pitches thrown on
gameday [14, 15]. Therefore, tracking the pitch count during
the game is an incomplete measure of the throwing activity.
Therefore, it is imperative to ask another pertinent question
about “how many teams do you play on?” This is particularly
important for a pitcher who may play in a league during the
weekend and tournaments on the weekend as an athlete
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Table 1: Risk factors for baseball pitchers.

* Pitching while fatigued

* Throwing too many innings over the course of the year
* Not taking enough time off from baseball every year

* Throwing too many pitches

« Not getting enough rest

* Pitching on consecutive days

* Excessive throwing when not pitching

» Playing for multiple teams at the same time

* Pitching with injuries to other body regions

* Not following proper strength and conditioning routines
» Not following safe practices while at showcases

* Throwing curveballs and sliders at a young age

« Radar gun use

who may pitch for more than one team but who also may
play different positions when they are not pitching.
Another question that is especially pertinent to those
who live and play in warmer weather climates is “when was
the last time you had 1-2 weeks off from throwing during a
lesson, practice, or game?” Sports like baseball and softball
are year-round in these warmer climates, and even if their
primary team may have a weekend off, baseball and softball
players may be asked by another local or an out-of-state
team traveling to the warmer climate for an event. One of the
major benefits to youth throwers have been rule changes
and recommendations to limit the pitch count. Many leagues
have implemented rules to limit the pitch count, such as to
keep the total pitches under 80 throws per game, pitching for
less than 8 months in a year, as well as limit the use of curve
balls and sliders at younger ages [13-20]. Some of the leagues
maintain strict rules as to the number of pitches thrown,
whereas others only consider total innings [15-17]. Only
considering total innings is problematic; it is a less accurate
representation of pitching load because some innings may
be under 10 pitches while others may take 30 or more pitches
thrown to get out of the inning. In addition to the other risk
factors mentioned previously, there have been multiple key
risk factors, which have been identified and noted in Table 1
by MLB Pitch Smart [15, 18]. Finally, it is important to know if
the athlete plays another other sport because this may
allow some downtime from throwing to help overuse and
also allow the athlete to improve coordination, balance, and
overall athleticism through neuromuscular facilitation [19].

Osteopathic physical examination

Osteopathic physicians complete medical training that is
uniquely focused to assess the whole person by integrating a
holistic approach on maintaining homeostasis. The
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osteopathic approach to the physical examination of
overhead-throwing athletes would begin with a full assess-
ment of the biomechanical chain involved in throwing. The
goal of this approach is to detect musculoskeletal imbalances
that may lead to current or future injuries. The systematic
and holistic osteopathic approach focuses on treating the
whole person in not only identifying the injury but also the
anatomic and physiologic changes that may have led to the
injury. There is the potential for future problems if the
provider only focuses on the local area of pain without
addressing the problems surrounding the injured body part.
The identification of these imbalances at the time of injury
can help improve rehabilitation, recovery, and return to
play [14, 20-22]. Additionally, the identification of these im-
balances during a preparticipation examination (PPE)
before an injury occurs can lead to the prevention of future
injuries in these athletes [14, 20-22].

When completing an osteopathic musculoskeletal
examination, the evaluation starts with TART (Tenderness,
Asymmetry, Restriction of Motion, Tissue Texture changes)
combined with the evaluation of the entire upper-extremity
biomechanical chain. This approach provides a complete
assessment and evaluation of the cervical and thoracic
paraspinals as well as the shoulder, peri-scapular area,
upper arm, elbow, forearm, wrist, and hand [14].

It is important to start with a thorough inspection for
any scapular, shoulder, or muscular asymmetry. In many
throwing athletes, the dominant throwing shoulder would
ride lower than the nonthrowing shoulder [20]. After in-
spection, the osteopathic physician will assess for changes
in muscle tone and tissue texture of the periscapular
muscles including the rhomboids, trapezius, and levator
scapulae as well as any first-rib restrictions. Additionally,
the osteopathic physician will conduct a TART assessment
of the muscles around the shoulder including the deltoid,
rotator cuff muscles, biceps, triceps, and pectoralis. The
assessment is completed with an evaluation of the cervical
and thoracic paraspinals and can be expanded to include
the lumbar spine, sacrum, and pelvis for any somatic
dysfunctions.

The physical examination will still also include stan-
dard assessments for range of motion (ROM) of the cervical
spine and shoulders. Abnormalities in the ROM of the
shoulder can be predictive of injury. It is a common finding
in overhead throwers to have a shoulder with an increased
ER and reduced glenohumeral internal rotation (GIRD)
[20], 21. There is a positive predictive value for shoulder
pain due to GIRD if there is a difference of more than 17
degrees of IR compared to ER [21, 22]. Additionally, abnor-
malities in the TRM, calculated by the addition of ER and IR
at 90°, may predict a throwing injury. A shoulder in an
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overhead thrower is more likely to be injured if there is
greater than 5° difference in TRM in the throwing shoulder
compared to the nonthrowing shoulder [21, 22]. After the
completion of the TART assessment, the common shoulder
specialized tests should be performed. These include spe-
cialty tests such as the Neer Impingement, Hawkins, Empty
Can, O’Brien’s, and apprehension tests.

As with any proper musculoskeletal physical examina-
tion, strength should be assessed in the upper extremities
compared with the strength in the opposite, nonaffected,
nonthrowing extremity. It is also imperative to assess the
neurovascular integrity of the upper extremity and to
include a side-to-side comparison. Distal pulses and sensa-
tion in all nerve distributions of the upper extremity should
be assessed. Any alterations in sensation, color, tempera-
ture, or capillary refill of the digits should be documented.
This assessment may uncover weaknesses as well as changes
due torare issues in throwing athletes such as thoracic outlet
syndrome and upper-extremity effort thrombosis.

This thorough, comprehensive, and holistic osteo-
pathic approach is paramount for proper diagnosis and
treatment. The osteopathic examination will be able to
identify any focal deficits, injuries, or imbalances that may
increase the risk of future injury as well as contribute to
the current injury. Early detection of biomechanical risk
factors during a comprehensive osteopathic PPE can
significantly reduce the risk of injury during the season.
The osteopathic physician can then counsel the overhead
athlete regarding any findings of musculoskeletal imbal-
ance or deficits. The osteopathic physician can subse-
quently incorporate stretching and strengthening exercises
that can prevent injury during the training period as well
as throughout the season [14].

Common shoulder injuries in
overhead throwing

Shoulder impingement: rotator cuff
pathology and bursopathies

The pathologies of the rotator cuff are more common
in adult collegiate and professional throwing athletes
compared to youth and adolescent athletes [2, 3, 19]. They
are usually the result of an acute traumatic event, or
an external or internal impingement. An acute traumatic
event could occur from throwing, fielding, or sliding.
External (or secondary) impingement is felt to be due to
deficits in muscular and/or proprioceptive control. Internal
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impingement is most commonly due to tightness of the
posterior capsule and the soft tissue structures of the
posterior shoulder.

Mechanism of injury

The mechanisms of injury vary between the three main
causes of rotator cuff pathology. Acute trauma is a less com-
mon cause of rotator cuff pathology in overhead-throwing
athletes. Although injury to the rotator cuff can occur while
throwing, it is more commonly due to a trauma when trying to
field the ball or slide into a base in baseball or softball as well
as during a tackle in football.

The primary theory for rotator cuff injury (RCI) is
known as external impingement (EI). There are multiple
contributing factors that lead to EI including poor muscle
control of the rotator cuff muscles and the subtle instability
of the glenohumeral joint (GH]). The decreased muscle
control of the rotator cuff leads to a deficiency in the
compressive forces that are necessary to provide stabiliza-
tion of the humeral head and the glenoid during overhead
movements. The instability caused by poor muscle control
may then lead to repeated contact of the conjoined tendon of
the supraspinatus and infraspinatus with the acromion and/
or the subscapularis with the coracoacromial arch.

The secondary theory for RCI is known as internal
impingement (II). Similar to EI, the development of II is
due to several contributing factors. One of the primary
causes of II is having excessive tightness of the posterior
shoulder capsule and/or the posterior shoulder muscula-
ture. The excessive posterior tightness will lead to inap-
propriate contact of the posterior aspect supraspinatus and
the superior portion of the infraspinatus tendon with the
posterior glenoid rim. Subsequently, repetitive contact will
lead to partial-thickness tearing of the articular side of the
tendons as well as fraying of the posterior superior glenoid
labrum.

Signs/symptoms

The overhead-throwing athlete will typically present with
a chief complaint of shoulder pain that is worse with
throwing and other overhead activities. The pain can be
acute following a traumatic event or can gradually
increase over time with chronic repetitive microtrauma.
The pain may be local or radiate down to the lateral deltoid.
The athlete may complain of weakness as well as loss of
ROM of the shoulder. The pain or weakness may occur
when trying to lift or carry a heavier object. As symptoms
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progress, the overhead thrower may complain about pain
when putting pressure on the shoulder when lying on the
affected side during sleep [23]. On occasion, the overhead-
throwing athlete tries to play through the pain by modi-
fying the volume or intensity of throwing. If the overhead
athlete alters their biomechanics to compensate, they
could cause additional issues. Therefore, it isincumbent on
the medical staff to include in their evaluation an assess-
ment for compensatory changes in the joints and muscle
groups.

Osteopathic physical examination

As discussed in detail above, the recommended examination
would follow the osteopathic approach. The key findings
on the osteopathic physical examination would include
tenderness to palpation, a loss of shoulder ROM, decreased
strength, and positive impingement signs.

Visual inspection of the shoulder may reveal a sulcus
due to muscular atrophy of the supraspinatus or infra-
spinatus [20, 23]. Tenderness to palpation is typically positive
along the involved rotator cuff tendon insertion and on
occasion in the proximal muscle.

The shoulder ROM may not be limited for all persons;
however, there can be pain elicited during portions or the
entire ROM, known as the “painful arc.” It is important
to visually inspect the scapulothoracic motion during the
shoulder ROM assessment because scapular dyskinesis may
be present. Scapular dyskinesis can be a contributory factor
to developing the pathology or a secondary consequence of
the injury [23].

It is important to assess the strength of the shoulder
musculature through manual muscle testing. There may be
supraspinatus weakness due to a tendon tear when
assessing shoulder abduction in the scapular plane [20].
The Jobe or Empty Can Test assesses the strength of
the supraspinatus with the arm abducted and the thumb
pointed down. Infraspinatus and teres minor weakness can
be assessed with resisted ER with the arm adducted to the
side. Subscapularis weakness can be assessed with resisted
IR either through the “belly press” or the “lift-off.” The
“belly press” is performed when the arm is internally
rotated with the palm/fingers against the belly and
applying resistance [23]. The “lift off” test is a manual
muscle test that is performed with the shoulder internally
rotated with the dorsum of the hand resting on the back,
and a positive test reveals weakness if the athlete is unable
to “lift off” his hand from their back when resistance is
applied. Scapular weakness should also be assessed by an
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inspection for “winging” when attempted to perform a wall
push-up [20]. Finally, there is a number of special tests for
rotator cuff pathology of the supraspinatus such as weak-
ness with the Empty Can Test, and pain with the Hawkins
and Neer Impingement tests [20].

Imaging

The three primary options for imaging when evaluating
rotator cuff pathology are Plain Radiographs (X-rays),
Ultrasound (US), and Magnetic Resonance Imaging (MRI).
The greatest benefit of an X-ray in this setting is to rule out
other pathologies; however, there are some findings that
may suggest that there may be rotator cuff pathology. The
four primary views that may demonstrate these findings are
the Anterior-Posterior (AP), true AP (Grashey), Scapular Y
(lateral), and Axillary views. Although the AP view does not
typically reveal a finding suggesting of rotator cuff pathol-
ogy, the Grashey view activates the deltoid, so it may
demonstrate superior migration of the proximal humeral
head when there is a chronic large tear of the rotator cuff
[23]. The lateral Scapular Y view may reveal abnormalities of
the acromion, which may have contributed to the pathology,
and if there is an anterior or posterior subluxation of the
humeral head, there may be joint space narrowing on the
Axillary view [20, 23].

US has been an emerging modality for the assessment of
the rotator cuff, particularly as the resolution of the tech-
nology has been advancing. US has multiple benefits such as
lack of radiation, time, cost, and most importantly, it can
provide immediate static and dynamic assessments. It has
been proven that there is no significant difference in the
ability of US to rule in or out partial- and full-thickness tears
of the rotator cuff compared to MRI and magnetic resonance
(MR) Arthrogram [24].

However, despite these findings, the MRI remains the
gold standard for imaging of the shoulder for suspected
rotator cuff pathology. The greatest benefits are its ability to
determine the presence and size of a tear, location of the
tear, and retraction of the tendon. Additionally, it can also
assess for muscle atrophy as well as chronic degenerative
changes of the muscle, tendon, and bony insertion [20, 23, 25].

Osteopathic approach to treatment

The spectrum of pathologies related to shoulder impinge-
ment include bursitis, rotator cuff tendinitis, and partial-
and full-thickness tears, and the exact treatment depends
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heavily on whether a tear is present and the extent of the
tear.

However, an approach to treat only the resulting
pathology will only lead to additional problems in the future
if the cause of the pathology is not addressed. As discussed,
the majority of the pathology to the rotator cuff and sur-
rounding soft tissue is related to deficits in the biomechan-
ical chain that lead to repetitive EI or II. This is where the
physician with osteopathic training can make the most
significant difference in the treatment, management, and
prevention of future injury. Specific osteopathic treatments
and their outcomes will be included in their own section for
the common shoulder pathologies.

There are many traditional and other emerging treat-
ments for rotator cuff and bursa pathologies from shoulder
impingement. These include the traditional RICE (Rest, Ice,
Compression, Elevation) approach as well as physical ther-
apy, medications such as acetaminophen and non-steroidal
anti-inflammatories (NSAIDs), injections (corticosteroids,
regenerative orthobiologics), and surgery. The American
Academy of Orthopedic Surgeons (AAOS) has created clinical
practice guidelines (CPG) for rotator cuff pathology [26].
Overall, rotator cuff pathology can be broken into various
categories to help delineate the best treatment options.
These categories can be based on whether the patient is
symptomatic or asymptomatic and whether there is no tear,
a partial-thickness tear (PTT) or a full-thickness tear (FTT).

Asymptomatic tendinitis is rare, but incidental PTT and
FTT are found frequently on MRIs of asymptomatic pa-
tients, ranging from 8-40% to 0-46 % respectively [27].
Asymptomatic rotator cuff pathology is typically treated
conservatively with nonoperative management, whereas
some symptomatic pathology will undergo early surgical
management. Physical therapy is a first-line treatment for
rotator cuff tendinitis, PTT, FIT for symptomatic and
asymptomatic patients based on patient-reported outcomes
(PRO) [26, 27]. Physical therapy should include assessment
of the shoulder ROM as well as the biomechanics of the
athlete while throwing. The treatment should focus on
improving the deficits and correcting flaws in the biome-
chanics [1, 3, 6, 8, 9]. Over-the-counter (OTC) and prescrip-
tion NSAIDs can help with decreasing inflammation and
provide relief of pain for those with symptomatic rotator
cuff pathology.

There is also moderate evidence that a single cortico-
steroid injection has proven to be effective in the short-term
reduction of pain and improvement of function with tendi-
nitis, PTT, and FTT [26, 28]. Although multiple corticosteroids
can provide pain reduction, there is concern that the corti-
costeroid may compromise the integrity of the tendon
[26], 28. Although it is not specifically addressed in the



DE GRUYTER

AAOS CPGs, the use of US guidance for needle placement is
paramount when injecting a corticosteroid because it is
well-known that direct injection into the tendon can have
serious deleterious effects and weaken the tendon, putting
it at risk for complete rupture. A large cohort study of
1,025 patients revealed that corticosteroid injections of the
shoulder were associated with a raised risk of cuff tendon
tears by 7.44 times compared to the noninjected patients [28].

Platelet Rich Plasma (PRP) is a promising option because
of the adverse effects of the corticosteroids, and there is
evidence that PRP improves repair rates when utilized to
augment surgical repair [29]. There have been a few studies
reporting that an injection of PRP can also improve pain and
function, but the studies have not been conducted for a long
enough time frame to determine the effect of preventing a
re-tear [29]. One such study on 20 patients with a 91 % follow-
up rate revealed a statistically significant reduction of pain
with the Visual Analog Scale (VAS) and function with the
Constant Shoulder Score and the UCLA shoulder score at
8 weeks and 3 months respectively [30]. Unfortunately, there
are too many variabilities between PRP concentrations
among the various systems and there has not been any clear
cellular range that has been proven the most efficacious for
rotator cuff pathology. Therefore, the AAOS CPGs conclude
that there is limited evidence on the efficacy of PRP for PTT
and FTT [26].

There are multiple variations on surgical techniques for
rotator cuff tears depending on whether the tear is a low- or
high-grade PTT or FTT. The AAOS recommendations is that
surgical management may be appropriate for FTT and PTT
that have failed conservative nonoperative management.
There is strong evidence that liquid PRP augmentation to
surgery decreases the incidence of re-tears and increases the
cross-sectional area of the postoperative tendon compared
to surgical management without PRP augmentation [26, 29].

Return to play

The return to play (RTP) of overhead-throwing athletes
should occur only after there is resolution of symptoms at
rest and with overhead activity. The overhead thrower
should have completed therapy that not only addressed the
direct pathology of the rotator cuff, but also corrected the
deficits found that lead to EI and II with specific focus on
the scapular stabilizers and posterior shoulder tightness.
The throwing motion should be assessed, and abnormal
motions should be corrected. The motion should be inte-
grated into a functional analysis of the throwing biome-
chanics [1, 3, 6, 8, 9, 14, 20, 31]. The throwing athlete should
also follow a Return To Throwing Program/Protocol, and

De Luigi et al.: Osteopathic approach thrower’s shoulder =—— 291

the athlete may slowly increase their velocity and distance
to return to sport as tolerated. The Throwing Program/
Protocol should be individualized for each throwing
athlete.

Pitchers (and parents for adolescents and youth) should
be advised regarding the recommendations related to
pitch count, types of pitches, and the total time pitching
throughout the calendar year [13-20, 31]. Ultimately, it is the
responsibility of the athlete (and parents) to make sure that
they track the throwing volume and adhere to the recom-
mendations. However, there is always a concern regarding
compliance, particularly in sports leagues and tournaments
that do not follow throwing guidelines.

Shoulder instability: labral
pathology and dislocations

The shoulder is one of the most unstable joints of the body
with a shallow cavity surrounded by a labrum. The glenoid
labrum is a fibrocartilaginous ring that is attached to the outer
rim of the glenoid and plays a vital role in shoulder stability.
The anatomy of the GHJ allows for significant multidirectional
mobility that is necessary for throwing. Disruption of the
labrum alters the balance between mobility and stability.
Injuries to the labrum are frequently due to trauma or
overuse injuries from repetitive motions such as throwing,
The risk factors for labral injury and dislocations are associ-
ated with male sex, adolescence, and a history of trauma.
There are a number of different labral tears that have been
described by the orientation and the location of the tear.
Labral tears include the SLAP (Superior Labrum Anterior to
Posterior) tear, Bankart lesion (Anteroinferior Glenoid
Labrum), and the GLAD (Glenolabral Articular Disruption)
lesion. Any of these lesions may have a significant impact on
an athlete’s ability to throw due to instability; however, sur-
gical management of the tear may also impair throwing
because the surgical correction may negatively impact the
mobility necessary to throw at the pre-injury level [32-35].

Mechanism of injury

Shoulder Instability is a result of the disruption of the
normal GHJ anatomy and the glenoid labrum. An acute
traumatic event is the most common cause of a labral tear
and shoulder dislocation. The location of tear of the labrum
is due to the forces exerted on the labrum based on the
insulting trauma. The impact of the trauma will cause the
disruption of the labrum, and the shoulder may dislocate at
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the time of the trauma or be susceptible for a future dislo-
cation due to the tear caused during the trauma. The labral
tears are known as SLAP, Bankart, and GLAD, as mentioned
previously, whereas the dislocations are named by the di-
rection of their instability: Anterior, Posterior, and Multidi-
rectional. However, not all labral tears are from acute
trauma and may occur due to repetitive motions that apply a
compressive force across the labrum as occurs with over-
head throwing [32—-35]. The article will primarily focus on the
SLAP lesions due to the greater likelihood of this pathology in
the overhead-throwing athlete, compared to Bankart and
GLAD, as well as space limitations.

SLAP lesions

SLAP lesions were first described by James Andrews but
were named by Snyder based on the location of the lesion
[36, 37]. Initially, the SLAP lesion was considered an injury
that occurs in young overhead-throwing athletes; howev-
er, SLAP lesions were later found in other populations as
well as in MRIs of asymptomatic overhead-throwing ath-
letes. The originally described cases of SLAP lesions were
secondary to an acute traumatic event such as a fall on an
outstretched arm with the shoulder in varying degrees of
abduction and is now known as a compression-type injury
[36-40]. There are also traction-type injuries from a sud-
den jerking movement, after lifting a heavy object, or an
unexpected pull on the arm. However, there are also SLAP
injuries due to attrition over time, which is the most likely
mechanism of injury in the overhead-throwing athlete and
which has been described as a peel-back mechanism.
During the throwing motion, the arm is in an abducted and
externally rotated position during the Late Cocking phase,
and the combination of the bicipital force and the posterior
humeral glide causes the posterosuperior quadrant of the
glenoid and posterior labrum to begin to peel off [38].
However, there is debate whether the peeling off is cause
by this mechanism or if it occurs during the early decel-
eration phase of throwing [39]. SLAP lesions are commonly
found in asymptomatic overhead throwers such as base-
ball players [40]. These findings have led to a growing
consensus of experienced physicians caring for Major
League Baseball (MLB) athletes to feel that these SLAP
tears and adaptive changes that occur in high-level, expe-
rienced overhead throwers [41].

Bankart lesions

A Bankart lesion develops when the glenoid labrum, most
commonly the anterior-inferior labrum, is torn with
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associated tearing of the associated ligaments. When the
anterior-inferior rim is disrupted with the addition of an
avulsed bone fragment or a glenoid rim fracture, it is known
as a bony Bankart [42]. “Soft” Bankart lesions, without the
associated fracture, involving the inferior anterior labrum
are more common [43].

GLAD lesions

Glenolabral Articular Disruption (GLAD) lesions are an
infrequent (1.5-3%) type of traumatic labral tear [44]. GLAD
lesions are a combined glenoid cartilage and labral injury
due to trauma. The typical presentation is a complaint of
anterior or global shoulder discomfort. GLAD lesions are an
important differential diagnosis in managing shoulder pain
following trauma. The typical cause of a GLAD lesion is an
adolescent male who had fallen on an outstretched arm that
is abducted and externally rotated against an adduction
force [45], such as diving for a catch.

Dislocations: anterior, posterior, and multi-directional

The shoulder joint is the most commonly dislocated joint in
the human body. Shoulder dislocations are more commonly
caused by trauma rather than an atraumatic dislocation. The
joint can dislocate anteriorly, posteriorly, or inferiorly.
Anterior dislocations are by far the most common and
comprise approximately 97 % of all shoulder dislocations.
Overall, dislocations are not a common throwing injury;
however, the athlete may injure and dislocate the shoulder
during another activity while playing the sport such as
fielding or a collision. A throwing athlete could also dislocate
the shoulder while throwing if there was pre-existing dam-
age to the labrum or in the setting of hyper-mobile joints and
ligamentous laxity, but this is relatively uncommon.

Anterior dislocations are typically due to a high-energy
or high-impact injury. The primary mechanism involves
a fall on an outstretched hand while the shoulder is in
abduction and ER. Posterior Dislocation is typically due to a
fall on an outstretched hand with the shoulder in adduction
and IR. A Posterior Dislocation may also occur due to a direct
anterior trauma to the shoulder that forces the humeral
head out the back of the glenoid cavity.

Unlike unilateral instability of the shoulder, multidi-
rectional glenohumeral instability is typically atraumatic in
onset. Athletes will typically have generalized joint laxity in
association with rotator cuff weakness in sports requiring
overhead arm motions. It is believed that subtle instability of
the GHJ and poor muscle control of the rotator cuff muscles
cause a deficiency in the compressive forces needed to sta-
bilize the glenohumeral during overhead movements.



DE GRUYTER

Another theory is that excessive tightness of the posterior
shoulder capsule and/or overlying musculature leads to the
inappropriate contact of the posterior region of the supra-
spinatus and the superior aspect of the infraspinatus tendon
with the posterior glenoid rim, resulting in fraying of the
posterior superior glenoid labrum.

Signs/symptoms

The signs and symptoms for labral injuries vary depending on
the examination trauma, but all labral injuries typically
involve pain in the shoulder. Acute traumas such as a dislo-
cation will have immediate symptoms; however, injuries
from repetitive overuse may gradually increase over time but
can also occur abruptly.

An athlete with a labral tear and/or dislocation will
frequently present with shoulder pain. An athlete with an
SLAP lesion typically hasless acute pain than a patient with a
dislocation. The pain is typically worse when the shoulder is
in specific positions or when doing certain activities. These
symptoms may present as a dull or aching pain in the
shoulder, particularly overhead lifting. Other times, it may
present as a painful feeling of clicking, popping, or grinding
in the shoulder during movement.

The athlete with an acute dislocation will have signifi-
cant pain and a visible deformity unless the shoulder
was self-reduced. Athletes with labral tears or history of a
dislocation may complain of shoulder pain with overhead
activity (throwing) and may also note a feeling of instability.
A labral tear will not likely present with a deformity unless
there is an acute dislocation associated with the labral tear.

A dislocated shoulder will likely have a deformity, unless
the joint self-reduced; however, in that case, the deformity
would be different. An anterior dislocation will have a
deformity of the shoulder with the humeral head visible
anteriorly and prominent acromion. The athlete will typically
be holding the arm in an internally rotated position to alle-
viate additional pain from gravity pulling the arm further out
of the socket and stressing the soft tissue. The throwing
athlete may report that they have a “Dead Arm” due to a
transient loss of sensation and/or numbness in the involved
extremity. The dislocation may cause injury to the Axillary
nerve, which is the most commonly injured structure during
traumatic anterior shoulder dislocations and has been re-
ported in 5-35 % of the cases [46]. An anterior dislocation may
also cause a Bankart lesion or Hill-Sachs lesion.

A posterior dislocation will typically present with signs
and symptoms such as a loss of ER of the shoulder along with
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prominence of the humeral head on the posterior shoulder.
A posterior dislocation may also result in a Bankart lesion.

The throwing athlete with an atraumatic (Multidirec-
tional) dislocation may have specific or nonspecific shoulder
pain, depending on the individual. These athletes do
frequently have a feeling of subluxation or dislocation of the
shoulder with overhead activities, and they do typically have
an increased risk of other shoulder injuries.

When an athlete presents with a complaint of shoulder
pain with overhead activity including throwing, care should
be taken to review the pitch count, types of pitches thrown,
and amount of pitching throughout the year [47]. These
factors have been shown to increase the risk of shoulder
injury.

Osteopathic physical examination

Evaluation of the overhead athlete in a postinjury setting
should include a thorough osteopathic physical examination
and functional assessment. The evaluation would include
task-oriented functional movements to assess the biome-
chanics of the overhead athlete. The goal of the osteopathic
evaluation would be to uncover any of the following deficits
across one or multiple regions: mobility, neuromuscular
control, muscular endurance, balance, and/or strength.

The key findings on the osteopathic physical examination
would include tenderness to palpation, a loss of shoulder
ROM, decreased strength, and positive apprehension and
instability signs. The overhead-throwing athlete may have
generalized ligamentous laxity, such as hyperextension at the
elbows, the ability to approximate the thumbs to the fore-
arms, and hyperextension of the metacarpophalangeal joints.
It is very common to have positive special tests such as the
O’Brien’s test as well as the apprehension sign. Also, it is
common to have a positive apprehension sign with the
anterior dislocation having a positive anterior apprehension
test or anterior drawer test, and a posterior dislocation having
a positive posterior apprehension test. The presence of a
positive sulcus sign is indicative of inferior instability. It is
common to have some strength deficits localizing to the
scapular stabilizers and rotator cuff muscles. Examination
reveals loss of shoulder ROM as well as poor strength.

Imaging

As with most musculoskeletal injury workups, the initial
imaging is typically plain radiographs (X-ray). The X-ray
should include the Anteroposterior (AP) views with the
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shoulder in IR and ER, an axillary or modified axillary view,
and the scapular Y-view. An MRI can be helpful in evaluating
the integrity of the labrum or rotator cuff muscles as well as
the evaluation of chronic dislocations.

The imaging for Atraumatic (Multidirectional) Disloca-
tions and Instability is similar to the studies for traumatic
instability. Radiographs may assist with assessing for “Little
League Shoulder.” MRI and US of the shoulder are useful in
evaluating for a rotator cuff tear and/or a labral tear. The US
provides immediate static and dynamic assessment of the
rotator cuff musculature and the labrum. The US also pro-
vides the advantage of time and cost; however, the primary
disadvantage is that the US cannot assess the full extent
of the labrum. For athletes with suspected glenoid labral
pathology, MR Arthrogram of the shoulder may also provide
additional diagnostic evaluation, but the primary diagnostic
purpose of the MR Arthrogram is to assess the integrity of the
labrum and the joint capsule.

Osteopathic approach to treatment

The spectrum of pathologies related to shoulder instability
include the varieties of labral tears and dislocations, and the
exact treatment depends heavily on the pathology. An osteo-
pathic approach to treatment and recovery will not only
address the obvious pathology but also work to correct any
weaknesses, imbalance, or compensatory changes that have
developed following the injury. Injections may help with
symptom control (corticosteroids) or healing (regenerative).
However, they will not be effective without a proper reha-
bilitation program and addressing the biomechanical deficits
that may have been present. This may be less of an issue after
a traumatic dislocation because the athlete could have been
structurally sound with proper throwing biomechanics.

Traumatic dislocations are typically unilateral in nature
and are often treated surgically due to the high recurrence
rates (80-90 %) [46]. On the other hand, atraumatic dislo-
cations are typically multidirectional in nature and can be
treated with rehabilitation (initially) or surgically if they are
not responding.

There are different treatment options depending on the
extent of the tear and the presence and location of a dislo-
cation. An anterior dislocation typically undergoes a closed
reduction without or with anesthesia. Techniques include
the Kocher method or the Stimson technique [46]. After
reduction, the arm should be immobilized for 2—-6 weeks in a
sling, with gradual ROM and strengthening exercises as
tolerated [46]. A posterior dislocation or subluxation of the
shoulder can be successfully treated with a rotator cuff
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rehabilitation program [46]. However, this approach has had
variability in the outcomes for the patient to return to sports.

The Atraumatic (Multidirectional) Dislocation frequently
is best managed with a customized rehabilitation program
including isometric to isotonic exercises for the scapular
stabilizers (the serratus anterior, pectoralis and latissimus
dorsi muscles) and rotator cuff muscles [46]. These exercises
then progress to more integrative and functional activities
specific to the athlete’s sport.

Surgery may be indicated in those patients whose
function is still markedly impaired after a rehabilitation
program. Operative treatment that corrects the underlying
pathology is therefore being increasingly offered at an
earlier stage to patients whose symptoms are refractory to
nonoperative measures. However, although surgery may
repair the tear and improve stability, it will limit ROM and
will make return to throwing even more challenging.

Rehabilitation can be the primary means of nonopera-
tive treatment and management, or it can be a secondary
option postoperatively depending on the type of injury. The
rehabilitation program will begin with restoring a pain-free
ROM of the throwing shoulder, regaining strength in the
shoulder and scapular stabilizers, and initiating a graduated
return to throwing program.

For pitchers in particular, time should be taken to review
the pitch count, types of pitches thrown, and amount of
pitching throughout the year. Therapy should focus on
strengthening the scapular stabilizers and rotator cuff mus-
cles. The motions should then be integrated into a functional
analysis of the pitching biomechanics. After any abnormal
motions are corrected, the athlete may slowly increase their
velocity and return to playing the sport as tolerated.

Return to play

As always, a customized rehabilitation program should be
developed for every patient. However, there are certain
components that are universal, although they may vary in
frequency and intensity. The RTP rehabilitation program
should include isometric to isotonic exercises for the scap-
ular stabilizers (the serratus anterior, and the pectoralis and
latissimus dorsi muscles) and rotator cuff muscles. These
exercises can then be advanced throughout the spectrum of
the program as the overhead athlete progresses. Eventually
the exercises can then be progressed to integrative and
functional activities specific to the overhead athlete’s sport
[1, 3, 6, 8, 9, 14, 20]. There are tenets for the rehabilitation
program that are universal to all players. Therapeutic
exercises should focus on strengthening the scapular stabi-
lizers and the rotator cuff muscles. ROM exercises should be
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integrated into the functional analysis of the overhead
athlete. After any abnormal motions are corrected, the
athlete may slowly increase their velocity and return to
playing the sport as tolerated [1, 3, 6, 8, 9, 14, 20].

Return to throwing program/protocol

There are differences between throwing and nonthrowing
overhead athletes in the RTP protocol that involves a Return
to Throwing Protocol. There are also differences between
what sport or position the athlete participates in as an
overhead thrower. Baseball pitchers are probably the most
unique due to the volume and intensity of overhead
throwing. A softball pitcher throws underhand for most of
their pitches, so even though the volume may even be higher,
the stress on the shoulder is thought to be less and is sup-
ported by the incidence of shoulder injuries between base-
ball pitchers and softball pitchers. A football quarterback
may throw a high volume of passes, but in many cases, the
volume and intensity of throwing a football is less than
throwing a baseball. Therefore, all of this information needs
to be considered when developing a progressive, graduated
Return to Throwing Program/Protocol. Therefore, the focus
of this Return to Throwing section will be on the baseball
pitcher, who likely needs to managed more delicately than
the other throwers. Overall, it is imperative that the
Throwing Program/Protocol should be individualized for
each throwing athlete.

Pitchers

There are numerous protocols in use for pitchers based on
the type of injury, the past injury history, past and current
treatment (surgical vs. nonsurgical), their age (youth,
adolescent, young adult, adult), and the time of the season.
Many of the protocols and programs are modified from an
off-season returntothrowing protocol to focus on further
rehabilitating the injured shoulder and the ancillary deficits
from compensatory changes and deconditioning. The
throwing athletes may slowly increase their velocity and
distance to return to playing the sport as tolerated.
Pitchers (and parents for adolescents and youth) should
be advised regarding the recommendations related to
pitch count, types of pitches, and total time pitching
throughout the calendar year [13-20, 31]. Ultimately, it is the
responsibility of the athlete (and parents) to make sure that
they track the throwing volume and adhere to the recom-
mendations. However, there is always a concern regarding
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compliance, particularly in sports leagues and tournaments
that do not follow throwing guidelines.

Osteopathic treatments for common
shoulder pathologies in overhead-throwing
athletes

There have been multiple studies that have proven that
osteopathic manipulation can provide a significant benefit
for throwing athletes with shoulder-impingement and
rotator-cuff issues.

The Spencer Technique is a type of osteopathic
manipulative treatment (OMT), and its efficacy was evalu-
ated with a prospective cohort of college baseball pitchers.
A randomized controlled trial (RCT) compared the benefits
of the Spencer Technique vs. sham therapy. A pretreatment
evaluation was completed on each participant 1 week prior
to the treatments and included ROM (flexion, extension,
abduction, adduction, IR, and ER) of the dominant throwing
arm, 10 maximum-velocity throws, and self-reported per-
formance utilizing the Kerlan-Jobe Orthopaedic Clinic
Shoulder and Elbow Score (KJOC-SES). At pretreatment,
both the treatment and control groups had decreased IR
and increased ER at the initial evaluation. However, after
treatment, there was a statistically significant improve-
ment in IR and abduction in the treatment group receiving
OMT with the Spencer technique [14, 47].

Posterior shoulder tightness is a known cause of II
leading to injury to the rotator cuff and labrum. The efficacy
of OMT to address the posterior shoulder tightness was
assessed in an RCT utilizing the OMT technique known as
the Muscle Energy Technique (MET). A total of 61 asymp-
tomatic collegiate baseball players were included in the
study, and the results demonstrated that there was signif-
icant improvement of posterior shoulder tightness. The
RCT revealed that the MET performed on the GHJ hori-
zontal abductors provided immediate statistically signifi-
cant improvements in both GHJ horizontal adduction and
IR ROM [14, 48].

OMT has also been shown to be effective in treating
subacromial impingement in overhead athletes. A combi-
nation of OMT techniques was performed for the treatment
and rehabilitation of subacromial impingement. At the end
of the 6-week treatment period, the results demonstrated
that there was a significant reduction of pain and improve-
ment in function [14, 49]. Another RCT was completed
assessing the efficacy of thoracic MET, MET plus soft tissue
massage (STM), or placebo for shoulder impingement
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syndrome. The study followed three groups of 25 patients
each with shoulder impingement for 1 year. The results of
the RCT revealed that with 1-year follow-up, the Thoracic
MET-only group demonstrated significantly greater
improvement in pain and disability (Disabilities of the Arm,
Shoulder, and Hand [DASH], Shoulder Pain and Disability
Index [SPADI], VAS 7-day average) than placebo at discharge,
6 months, and 12 months, and the MET + STM group also
provided greater improvement than placebo in the disability
assessments [50].

Although there were not any studies that were spe-
cific to the use of OMT for shoulder labral tears and dislo-
cations, the treatment of the shoulder, peri-scapular, and
cervicothoracic areas are important to address. Following the
traumatic injury causing the tear and/or dislocation, the
shoulder commonly suffers from instability. The instability
stresses the surrounding musculature as these accessory
muscles work to help stabilize the shoulder. OMT has been
commonly utilized for myofascial issues related to shoulder
instability and periscapular dyskinesia (scapular dyskinesia
[SD]). There is a randomized controlled study in overhead
athletes assessing the treatment of myofascial trigger point—
induced SD with dry needling (DN) + OMT compared to OMT
alone. The study included 40 overhead athletes (15 men, 25
women) and revealed improvement in pain, function, and
ROM in both groups, yet there was a more significant
improvement in the combined treatment group [51]. Addi-
tionally, scapular manipulation has been shown to be effective
for the reduction of anterior shoulder dislocations without
analgesia. The prospective study evaluated 111 patients (112
dislocations) with a first-time relocation success rate of 87.5 %,
and overall, 97.3 % went without any anesthesia [52].

Discussion

The osteopathic approach to a shoulder injury in the over-
head athlete incorporates traditional approaches. However,
it additionally includes a holistic assessment of the func-
tional aspect of overhead motion during swimming,
throwing, and swinging the upper extremity for hitting. The
thorough osteopathic assessment will help identify the
global issues that need to be addressed for successful
recovery and return to sport.

Following the osteopathic assessment, a plan of
management based on osteopathic principles will be
formulated by the physician to include a graduated, phased
treatment and rehabilitation program. The combination
of osteopathic manipulation and soft-tissue techniques
will be incorporated with traditional modalities as well as
a therapeutic stretching and exercise program. The focus
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will not only be on treatment, but also future injury pre-
vention, and preparation for a return to unrestricted
sporting activity. Osteopathic treatment is performed in
conjunction with physical therapy and therapeutic exer-
cises for best results. The treatment and rehabilitation
program should include exercises for strength, mobility,
endurance, and power, and it should also include core
control and lower-extremity strength training.

Conclusions

An osteopathic evaluation to the assessment and treatment
of shoulder pathology in the throwing athlete is beneficial to
their overall health and wellness. The holistic approach to
evaluation and treatment helps identify issues in the
biomechanical chain throughout the phases of throwing.
Osteopathic evaluation and treatment are integral to the
success of injury prevention and treatment of the overhead
athlete. The incorporation of Osteopathic Physicians with
the Sports Medicine providers for every team of collegiate,
amateur, and professional overhead sports should become a
medical standard of care.

Research ethics: Not applicable.

Informed consent: Not applicable.

Author contributions: All authors have accepted respon-
sibility for the entire content of this manuscript and
approved its submission.

Use of Large Language Models, AI and Machine Learning
Tools: None declared.

Conflict of interest: None declared.

Research funding: None declared.

Data availability: Not applicable.

References

1. Wilk KE, Meister K, Fleisig G, Andrews JR. Biomechanics of the overhead
throwing motion. Sports Med Arthrosc Rev 2000;8:124-34.

2. Tooth C, Gofflot A, Schwartz C, Croisier JL, Beaudart C, Bruyere O, et al.
Risk factors of overuse shoulder injuries in overhead athletes: a
systematic review. Sports Health 2020;12:478-87.

3. Wilk KE, Arrigo CA, Hooks TR, Andrews JR. Rehabilitation of the
overhead throwing athlete: there is more to it than just external
rotation/internal rotation strengthening. PMR 2016;8:578-90.

4. Bakhsh W, Nicandri G. Anatomy and physical examination of the
shoulder. Sports Med Arthrosc Rev 2018;26:e10-22.

5. Calabrese GJ. Pitching mechanics, revisited. Int ] Sports Phys Ther 2013;
8:652-60.

6. Pappas AM, Zawacki RM, Sullivan TJ. Biomechanics of baseball pitching,
a preliminary report. Am J Sports Med 1985;4:216-22.



DE GRUYTER

10.

14.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

. Toyoshima S, Hoshikawa T, Miyashita M, Oguri T. Contribution of the

body parts to throwing performance. In: Biomechanics IV. Baltimore:
University Park Press; 1974:169-74 pp.

. Atwater AE. Biomechanics of over arm throwing movements and

throwing injuries. Exerc Sports Sci Rev 1979;7:43-85.

. Dillman (J, Fleisig GS, Andrews JR. Biomechanics of pitching with

emphasis upon shoulder kinematics. | Orthop Sports Phys Ther 1993;
18:402-8.

Gowan ID, Jobe FW, Tibone JE, Perry J, Moynes DR. A comparative
electromyographic analysis of the shoulder during pitching:
professional versus amateur pitchers. Am J Sports Med 1987;15:
586-90.

. Tooth C, Gofflot A, Schwartz C, Croisier JL, Beaudart C, Bruyere O, et al.

Risk factors of overuse shoulder injuries in overhead athletes: a
systematic review. Sports Health 2020;12:478-87.

. Kocher MS, Walters PM, Micheli LJ. Upper extremity injuries in the

paediatric athlete. Sports Med 2000;30:117-35.

. Olsen S II, Fleisig GS, Dun S, Loftice J, Andrew JR. Risk factors for

shoulder and elbow injuries in adolescent baseball pitchers. Am |
Sports Med 2006;34:905-12.

De Luigi AJ. The role of osteopathic principles and practice in upper
extremity injuries of the overhead athlete. ] Osteopath Med 2024;124:
1-4.

. ZaremskiJL, Zeppieri G, Jones DL, Tripp BL, Bruner M, Vincent HK, et al.

Unaccounted workload factor: game-day pitch counts in high school
baseball pitchers-an observational study. Orthop ] Sports Med 2018;6:
2325967118765255.

Little League. Little league pitching rules: (Updated for 2023). Available
from: thebaseballguide.com.

USSSA. Rules and by-laws | USSSA baseball. https://www.
usssabaseball.org/rules-by-laws

MLB pitch Smart. Available from: https://www.mlb.com/pitch-smart.
Brenner JS. Sports specialization and intensive training in young
athletes. Pediatrics 2016;138:20162148.

PM&R Knowledge Now. Shoulder pain in the throwing athlete | PM&R
knowledge now. Available from: aapmr.org.

Jobe FW, Kvnite RS. Shoulder pain in the overhand or throwing athlete:
the relationship of anterior instability and rotator cuff impingement.
Orthop Rev 1989;18:963-75.

Wilk KE, Macrina LC, Arrigo C. Passive range of motion characteristics in
the overhead baseball pitcher and their implications for rehabilitation.
Clin Orthop 2012;470:1586-94.

Hsu ), Keener JD. Natural history of rotator cuff disease and implications
on management. Operat Tech Orthop 2015;25:2-9.

O’Kane JW, Toresdahl BG. The evidenced-based shoulder evaluation.
Curr Sports Med Rep 2014;13:307-13.

Sambandam SN, Khanna V, Gul A, Mounasamy V. Rotator cuff tears: an
evidence-based approach. World J Orthoped 2015;6:902-18.

Tashjian RZ. AAOS clinical practice guideline: optimizing the management
of rotator cuff problems. ] Am Acad Orthop Surg 2011;19:380-3.
Lawrence R, Moutzouros V, Bey M. Asymptomatic rotator cuff tears.
JBJS Rev 2019;7:e9.

Lin CY, Huang SC, Tzou S, Yin CH, Chen JS, Chen YS, et al. A positive
correlation between steroid injections and cuff tendon tears: a cohort
study using a clinical database. Int ] Environ Res Publ Health 2022;19:
4520.

Hitchen J, Wragg NM, Shariatzadeh M, Wilson SL. Platelet rich plasma
as a treatment method for rotator cuffs. SN Comprehensive Clin Med
2020;2:2293-9.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

De Luigi et al.: Osteopathic approach thrower’s shoulder =—— 297

Sengodan V, Kurian S, Ramasamy R. Treatment of partial rotator cuff
tear with ultrasound-guided platelet-rich plasma. J Clin Imaging Sci.
2017;7:1-32.

Lyman S, Fleisig GS, Andrews JR, Osinski ED. Effect of pitch type, pitch
count, and pitching mechanics on risk of elbow and shoulder pain in
youth baseball pitchers. Am J Sports Med 2002;30:463-8.

Knesek M, Skendzel G, Dines S, Altchek DW, Allen AA, Bedi A. Diagnosis
and management of superior labral anterior posterior tears in
throwing athletes. Am J Sports Med 2013;41:444-60.

Funakoshi T, Takahashi T, Shimokobe H, Miyamoto A, Furushima K.
Arthroscopic findings of the glenohumeral joint in symptomatic
anterior instabilities: comparison between overhead throwing
disorders and traumatic shoulder dislocation. J Shoulder Elbow Surg
2023;32:776-85.

Orner CA, Bastrom TP, Pennock AT, Edmonds EW. Clinical outcomes of
adolescents with anterior shoulder instability and glenolabral articular
disruption lesions compared with isolated Bankart lesions. Orthop J
Sports Med 2023;11:232596712312114007.

Porcellini G, Cecere AB, Giorgini A, Micheloni GM, Tarallo L. The GLAD
lesion: are the definition, diagnosis, and treatment up to date? A
systematic review. Acta Biomed 2020;91:€2020020.

Andrews JR, Carson WG, McLeod WD. Glenoid labrum tears related to
the long head of the biceps. Am J Sports Med 1985;13:337-41.

Snyder S), Karzel RP, Del Pizzo W, Ferkel RD, Friedman M]. SLAP lesions
of the shoulder. Arthroscopy 1990;6:274-9.

Burkhart SS, Morgan CD, Kibler WB. The disabled throwing shoulder:
spectrum of pathology Part I: pathoanatomy and biomechanics.
Arthroscopy 2003;19:404-20.

Kuhn JE, Lindholm SR, Huston LJ, Soslowsky LJ, Blasier RB. Failure of the
biceps superior labral complex: a cadaveric biomechanical
investigation comparing the late cocking and early deceleration
positions of throwing. Arthroscopy 2003;19:373-9.

Miniaci A, Mascia AT, Salonen DC, Becker EJ. Magnetic resonance
imaging of the shoulder in asymptomatic professional baseball
pitchers. Am J Sports Med 2002;30:66-73.

Mathew CJ, Lintner DM. Superior labral anterior to posterior tear
management in athletes. Open Orthop | 2018;12:303-13.

Tupe RN, Tiwari V. StatPearls [Internet]. In: Anteroinferior glenoid
labrum lesion (Bankart lesion). Treasure Island, FL: StatPearls
Publishing; 2023.

Horst K, Von Harten R, Weber C, Andruszkow H, Pfeifer R,
Dienstknecht T, et al. Assessment of coincidence and defect sizes in
Bankart and Hill-Sachs lesions after anterior shoulder dislocation: a
radiological study. Br ] Radiol 2014;87:20130673.

Agarwalla A, Puzzitiello RN, Leong NL, Forsythe B. Concurrent primary
repair of a glenoid labrum articular disruption, and a Bankart lesion in
an adolescent: a case report of a novel technique. Case Rep Orthop
2019;2019:4371860.

Neviaser TJ. The GLAD lesion: another cause of anterior shoulder pain.
Arthroscopy 1993;9:22-3.

Abrahms R, Akbarnia H. Shoulder dislocations overview. Scottsdale,
AZ: Stat Pearls; 2024 [Accessed 24 July 2024].

Curcio JE, Grana M), England S, Banyas PG, Palmer BD, Placke AE, et al.
Use of the Spencer technique on collegiate baseball players: effect on
physical performance and self-reported measures. | Am Osteopath
Assoc 2017;117:166-75.

Moore SD, Laudner KG, McLoda TA, Shaffer MA. The immediate effects
of muscle energy technique on posterior shoulder tightness: a
randomized controlled trial. ] Orthop Sports Phys Ther 2011;41:400-7.


http://thebaseballguide.com
https://www.usssabaseball.org/rules-by-laws
https://www.usssabaseball.org/rules-by-laws
https://www.mlb.com/pitch-smart
http://aapmr.org

298 —— De Luigi et al.: Osteopathic approach thrower’s shoulder

49.

50.

Bennett S, Macfarlane C, Vaughan B. The use of osteopathic manual
therapy and rehabilitation for subacromial impingement syndrome: a
case report. Explore (NY) 2017;13:339-43.

Hunter D), Rivett DA, McKiernan S, Luton R, Snodgrass S). Thoracic
manual therapy improves pain and disability in individuals with
shoulder impingement syndrome compared with placebo: a
randomized controlled trial with 1-year follow-up. Arch Phys Med
Rehab 2022;103:1533-43.

51.

52.

DE GRUYTER

Kheradmandi A, Kamali F, Ebrahimian M, Abbasi L. Comparison
between dry needling plus manual therapy with manual therapy
alone on pain and function in overhead athletes with scapular
dyskinesia: a randomized clinical trail. ] Bodyw Mov Ther 2021;26:
339-46.

Pishbin E, Bolvardi E, Ahmadi K. Scapular manipulation for reduction of
anterior shoulder dislocation without analgesia: results of a
prospective study. Emerg Med Australas 2011;23:54-8.



	Osteopathic approach to injuries of the overhead thrower’s shoulder
	Shoulder anatomy
	Shoulder biomechanics of throwing
	The osteopathic approach to the chief complaint of “my shoulder hurts”
	Osteopathic physical examination

	Common shoulder injuries in overhead throwing
	Shoulder impingement: rotator cuff pathology and bursopathies
	Mechanism of injury
	Signs/symptoms
	Osteopathic physical examination
	Imaging
	Osteopathic approach to treatment
	Return to play

	Shoulder instability: labral pathology and dislocations
	Mechanism of injury
	SLAP lesions
	Bankart lesions
	GLAD lesions
	Dislocations: anterior, posterior, and multi-directional

	Signs/symptoms
	Osteopathic physical examination
	Imaging
	Osteopathic approach to treatment
	Return to play
	Return to throwing program/protocol
	Pitchers
	Osteopathic treatments for common shoulder pathologies in overhead-throwing athletes

	Discussion
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


