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Baseball athletes across all levels of play are at an increased risk for upper extremity injury due to the
supraphysiologic demands on the shoulder and elbow during overhead throwing. Little league baseball
players present with a unique subset of injuries that can affect the growth plate, commonly at the
shoulder or the elbow. Ascertaining a diagnosis and plan of care for little league shoulder (LLS) histor-
ically focuses on the proximal humeral physis in skeletally immature throwing athletes presenting with
shoulder pain. However, while not a current standard of care, posterior glenoid dysplasia is often present
in youth baseball athletes presenting with LLS, warranting a shift in the way clinicians evaluate for and
treat the youth baseball athlete’s pathologic shoulder. Therefore, purpose of this narrative review is 2-
fold: first, to describe the current standard of care as it relates to a diagnosis of LLS, and second, to
critically describe a comprehensive evaluation process for youth throwing athletes with shoulder pain
that includes screening for evidence of posterior glenoid dysplasia. This paper summarizes the current
state of the available evidence for anatomic considerations of LLS in the baseball athletes throwing
shoulder. Additionally, we provide a framework for clinical evaluation using a multidisciplinary approach
to evaluate the entire kinetic chain of the youth baseball athlete presenting with LLS and posterior
glenoid dysplasia. A case study is presented to describe common presentations, clinical and objective
examinations, and a plan of care from time of evaluation to return to throwing.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
This narrative review will present the history of our under-
standing of little league shoulder (LSS) and how osseous changes to
the glenoidmust be considered in themanagement of athletes with
this pathology. Researchers investigating this diagnosis have
conveyed that baseball players presenting with this pathology
often experience shoulder pain and proximal humeral physis stress
reaction, and for some players, this is true. However, information on
LLS has evolved over time and should include a multidisciplinary
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continuum of care that should evaluate many variables that are
often not discussed which include scapular dysfunction, gleno-
humeral motion loss, muscle weakness, kinetic chain dysfunction,
and most importantly posterior glenoid dysplasia, a component to
this diagnosis that many healthcare providers might not even know
exists.
Little league shoulder

Nearly one-third of youth baseball players, aged 9 to 14 years,
experience throwing-related shoulder pain over the course of a
season.46,47 This staggering number is impactful for clinicians as
baseball is one of the most popular sports played in the United
States, with more than 5.6 million children participating in 2021.12
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LLS is among the most common causes of throwing-related
shoulder pain in skeletally immature populations.3,4,29,66 It was
described by Adams in 1966 as osteochondrosis of the proximal
humeral epiphysis that develops in response to repetitive traction
forces sustained during the throwing motion.1 More recent studies
define LLS as an overuse injury to the proximal humerus that re-
sults in damage to the epiphysis in response to throwing-related
traction and rotational stresses.3,4,29 With a variety of descriptors
in the literature including epiphysiolysis, epiphysitis, apophysitis,
stress fracture, and Salter-Harris Type I fracture, LLS has become
more of a clinical diagnosis and umbrella term for throwing-related
shoulder pain in physically developing athletes.4,21,34 With this in
mind, and the emphasis based on physeal changes, important
contributing factors such as posterior glenoid dysplasia are not
being considered when making a diagnosis of LLS.

Etiology and risk factors

Despite advancements in upper extremity research, continued
emphasis has been placed on investigating injury risk at the col-
legiate and professional levels with few studies focusing on athletes
aged less than 18 years.34 Physeal injuries are exclusive to skeletally
immature populations and therefore require further study to better
understand their etiology, pathophysiology, and outcomes.3,29,34

While the mechanisms responsible for LLS are not well under-
stood, some researchers theorized that repetitive stress placed
across the humeral physis may negatively impact the blood supply
to the metaphysis resulting in decreased calcification and the
appearance of widening on a radiograph.29,39,60 Likewise, stresses
associated with repetitive overhead throwing have the potential to
negatively impact the glenoid84 with specific changes occurring at
the anterior and posterior rim of the glenoid.52,55 The age of onset
for LLS is typically between 11 and 16 years, with the proximal
humeral physis closing at or around 18 years,85 and glenoid ossi-
fication peaking around 16 years of age.73,85 Baseball players are the
most commonly reported cases in the literature; however, any
overhead sport, such as softball, tennis, volleyball, gymnastics,
cricket, or swimming, may place a youth athlete at risk.41,63,79 Risk
factors associated with this condition include increased physical
size (eg, height and weight), deficits in shoulder range of motion,
shoulder strength imbalances, and poor pitching or sport
mechanics.3,13,29,34,79 Considerations around player position within
a sport (eg, pitcher), level of competition, and year-round partici-
pationwithout periods of adequate rest are also thought to increase
an athlete’s chances of developing LLS.1,29 Additional data are
needed to better understand the impact of physical growth pat-
terns and osseous development, including humeral retrotorsion
(HRT) and the glenoid surface appearance, on injury risk in skele-
tally immature populations.3,4,29,42

Clinical assessment and diagnosis

LLS often presents to clinic in the form of a youth or adolescent
baseball pitcher with tenderness to palpation at the lateral aspect of
their proximal humerus and pain with overhead throwing mo-
tions.50,63,79 Shoulder pain can be present at rest or with daily ac-
tivities inmore irritable cases.79 Athletesmay delay seeking care for
these symptoms, as they perceive them as manageable without
medical intervention.34,41,63 This likely impacts the clinical
perception of LLS, suggesting that it may be more prevalent in
youth and adolescent throwers than previously considered.

A diagnosis of LLS can be made following clinical assessment,
however internal and external rotation anteroposterior (AP) plain
radiographs are typically ordered for each shoulder, to confirm.4,63

Common radiographic findings include widening of the proximal
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humeral physis, sclerosis, demineralization, and possible frag-
mentation of the metaphysis near the lateral physis with the
nondominant shoulder used for comparison.14,41,50,63,79 Any
radiographic changes may be subtle or difficult to detect, especially
within the first 3 weeks of an athlete’s symptoms.79 Magnetic
resonance imaging is not often recommended for individuals who
present clinically with LLS; however, it can be used in cases where
symptoms are not resolving or when radiographic evidence is un-
clear.41,63,79 T2-weighted images may show physeal widening,
metaphyseal and periosteal edema, and increased signal in the
subchondral bone near the affected physis.4,14 Clinical examination
and diagnostic imaging have been focused on assessing changes in
the proximal humerus; however, the humerus is only one-half of
the affected joint. Additional research is needed to examine how
changes in the glenoid surface may impact the clinical presenta-
tion, diagnosis, and return to sport (RTS) outcomes for individuals
with LLS.

Past and current treatment progression of little league
shoulder

Nonoperative treatment of LLS is very common among
overhead-throwing athletes and appears to be the exclusive
approach to managing this condition. The realm of surgical inter-
vention remains absent from the present literature even in in-
stances where the temporality of symptom resolution has extended
beyond typical timeframes. Over the past 6 decades, symptom
resolution has consistently been used as a primary criterion to
determine RTS readiness after the conservative care of LLS. How-
ever, it is important to note the evolution of prescribed recom-
mendations and additional criteria that have been used to
determine RTS since the late 1960s until now.

Prior to the year 1998, prescribed treatment predominantly
centered around complete rest from throwing.1,4 Defining a specific
duration of rest was uncommon, as rest was encouraged until the
resolution of symptoms occurred. More specifically, the resolution
of pain during glenohumeral external rotation during the overhead
throwing motion and hitting.1,5 In baseball players, many surgeons
recommended using radiographic imaging to determine whether
athletes could return to pitching.1,2 While symptom cessation was
frequently used to determine RTS for nonpitching positions, com-
plete physeal closure was the standard criterion for an athlete
returning to the position of pitcher.1,2,4 In fact, in one case, a per-
manent change of positions from pitching was encouraged when
closure did not occur.1 Most cases had a resolution of symptoms by
3 months but because of the physeal closure criterion, RTS times
ranged from 3 months to 2 years.4

Since 1998, much like the treatment prescribed in the early
1980s and 1990s, treatment revolved around symptom resolution.
However, unlike earlier recommendations, very few reported cases
incorporated considerations of anatomical closure of the humeral
physes as a prerequisite for RTS.4 One review of 23 individual cases
showed that players could be asymptomatic and have continued
widening of the humeral physis.8 Radiographic imaging seems to
be more commonly used in the last 25 years to compare progress of
humeral physis narrowing or comparison of physis width to the
noninjured side rather than as a tool for determining RTS readi-
ness.30 When comparing positive vs. absent radiographic confir-
mation of humeral physes widening, one study found that there
was no statistical significance between the 2 groups with regard to
LLS reoccurrence, time to symptom resolution, or RTS time.34

Additionally, there are more cases since 1998 that incorporate a
wider range of interventions such as home-based rehabilitation,
chiropractic care, or formal physical therapy.30,32 However, these
additional treatments still make up the minority of reports.
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Within the last 10 years, a multimodal approach to treating LLS
has started to be incorporated into the continuum of care. Thera-
peutic interventions, symptom progression, and return to throw
programs all merge to accelerate the RTS trajectory.30,16,32,34,78

Although these interventions are becoming more prevalent in the
treatment of LLS, investigations into the efficacy and long-term
effects of these more holistic approaches to treating LLS are lack-
ing. While research geared toward treatment efficacy for LLS is
absent, there is one study that investigated the factors associated
with RTS following LLS.30 The authors found that 95% of players had
fully returned to baseball in just less than 3 months. Interestingly,
25% of those players had a reoccurrence of pain with a subsequent
full RTS that averaged more than 6 months. In addition, less than
half of all (n ¼ 87) baseball players had radiographic imaging that
resembled the nonthrowing side, while the rest of the subjects had
a narrowing of the physis but did not approach the width of the
nonthrowing side.30 These findings support the current evolution
of the RTS criteria following LLS and suggest that future studies
should incorporate a broader range of treatment algorithms and
must radiographically assess the glenoid for potential abnormal-
ities to help drive RTS decision-making for LLS. Future treatment
procedures must include correction of all correctable kinetic chain
conditions, resolution of strength, resolution of glenohumeral
motion loss, and improved ossification of the posterior glenoid rim.

Considerations of the optimal duration of rest for LLS recovery
remain understudied but are likely patient-specific. The efficacy of
treatment interventions for LLS should be investigated. It is
reasonable to suggest that a rehabilitation plan geared to improving
the entire kinetic chain may benefit players sustaining this partic-
ular injury. Specific recommendations are discussed below in the
case example section of this paper. Furthermore, there is a lack of
key clinical objective measures reported in players experiencing
LLS. This information would be useful when healthcare pro-
fessionals are screening for deficits so benchmarks could be
included in the RTS decision-making process.

Anatomical and biomechanical considerations of the
throwing athlete

Understanding skeletal immaturity and the consequences this
immaturity may have on the shoulder during an overhead
throwing motion is imperative. A skeletally immature athlete has
different bony and collagen composition when compared to a
skeletally mature athlete. Bony changes to the proximal humeral
epiphyseal physis and the glenoid do not completely ossify until
late adolescences, aged 17-18 years and 16-18 years, respectively.85

A greater production of type III collagen is present in ligaments in
tendons when compared to adult ligaments and tendons which
potentially contribute to laxity in the skeletally immature person.77

The combination of bony immaturity and laxity under significant
forces during throwing can be a recipe for shoulder injury.77

It is well documented that the baseball throw generates large
torques and rotational range of motion at the shoulder.22 Both
rotational and distraction forces during the late cocking and ac-
celeration phases are present during the throwing motion. The
rotational forces, specifically, external rotation torque, are much
larger than shoulder distraction forces, and are thought to be more
of a contributing factor to LLS as the repetitive microtrauma gen-
erates deformation to the proximal humeral epiphysis.67 In
conjunction with the damage to humeral epiphyseal physis,
changes to humeral torsion and to the posterior glenoid are
present.67

Researchers over the past decade have been investigating hu-
meral torsion,54 specifically, HRT and its relationship to shoulder
and elbow injury in the throwing athlete.58 Humeral torsion
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describes the twist about the long axis of the humerus,15 and is
defined as the angular difference between the orientation of the
axis of the proximal humeral head and the epicondylar axis at the
distal humerus.45 At birth, both humeri are in a marked position of
HRT, as represented by a large angle between the proximal humeral
head and epicondylar axis at the distal humerus.18 As development
occurs from infancy to adolescence, a remodeling process occurs
along the shaft of the humerus and proximal physis, resulting in
less retrotorsion (smaller angle between the proximal humeral
head and epicondylar axis at the distal humerus).18,45 However,
throwing that takes place in a skeletally immature athlete will
delay the natural derotation (slowing down the development of
humeral internal rotation) process on the throwing arm.28 This in
turn leads to a difference in side-to-side HRTmeasurements, which
is defined as relative HRT. HRT is often measured using an indirect
ultrasonographic technique,57 and has been described and vali-
dated by previous researchers.53 To date, one case study on a
baseball player suggests HRTmay contribute to the diagnosis of LLS.
The patient in the studywas part of a screening program for healthy
baseball players at the age of 13 andwas diagnosedwith LLS 2 years
later, in which time a repeat screening was completed, which
included HRT. HRT findings in the case study29 are consistent with
previous literature, as humeral torsion is slowed down because of
the biomechanical forces that are associated with throwing.67 The
authors go onto suggest that “in skeletally immature throwing
athletes, the proximal humerus of the dominant arm is being
exposed to opposing torsional influences: the natural physiological
forces acting to decrease HRT, and the forces that act in opposition
of that process.”29 Consequently, the opposing forces may increase
the degree of mechanical stress, leading to physeal damage that is
often times associated with LLS. Longitudinal research is certainly
needed in this area to determine if changes in HRT during adoles-
cences have consequences to physeal injuries. In addition, to HRT
considerations, bony changes to the scapula in the form of posterior
glenoid dysplasia are present as a result of repeated throwing.
Investigation into how glenoid dysplasia interacts with injuries
such as LLS may also provide insight on how to better treat this
condition.

Little league shoulder and posterior glenoid dysplasia

Sports medicine professionals have traditionally concerned
themselves with the proximal humeral physis while ascertaining a
diagnosis of LLS. However, examination of the glenoid is a clinical
necessity in determining the appropriate plan of care for a youth
baseball athlete with throwing-related shoulder pain.

The glenoid has been previously investigated in throwing pop-
ulations as it relates to glenoid version and changes to glenoid
morphology. Glenoid version has previously been shown to relate
to the development of humeral torsion in professional baseball
pitchers on the throwing limb when compared to the nonthrowing
limb.84 Glenoid version, andmore specifically, glenoid retroversion,
is an increase in the posterior orientation of the glenoid which has
been associated with posterior instability but not necessarily
associated with throwing-related pain.10,62,64,75 Other adaptive
changes to the osseous morphology of the glenoid have been
identified in the literature including posterior glenoid dysplasia.42

Posterior glenoid dysplasia is described as mild rounding of the
posterior rim in comparison to the normal triangular shape of the
glenoid.42 Alterations in posterior glenoid morphology, including
posterior glenoid dysplasia, have been shown to be associated with
injury in both throwing and nonthrowing populations.31,76

Posterior glenoid dysplasia is thought to occur concurrently
with changes to the proximal humeral physis between the ages of 8
and 16 years in overhead-throwing athletes.43,61 The subcoracoid



Figure 1 Patient position for radiographic imaging for the posterior glenoid (the
Conway method). The red line indicates the direction of the x-ray beam.
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secondary ossification center, which is located along the surface of
the glenoid, does not fully mature until aged approximately 8-10
years.42 Furthermore, the inferior two-thirds of the glenoid has
been shown as the last to ossify, with ossification beginning be-
tween 11 and 14 years and fusion occurring between 12 and 16
years.42,44 In combination with repetitive overhead throwing and
the secondary ossification center’s late ossification age, the de-
mands of throwing may lead to maladaptive changes in the post-
eroinferior glenoid rim prior to bone maturation, leading to
posterior glenoid dysplasia. Edelson19 described this dysplasia as
posteroinferior glenoid hypoplasia in a nonthrowing museum
specimen population in 1995. In the same study, Edelson pro-
spectively evaluated 12 patients with nontraumatic multidirec-
tional instability, and found 9 of the 12 displayed posteroinferior
glenoid hypoplasia.19 A classification system was generated from
this work and describes different anatomic forms of the posterior
glenoid rim at the base of the scapula: (1) rounded glenoid defi-
ciency known as the lazy J and (2) triangular bony deficiency
known as delta.19,80 These anatomic variations of the glenoid have
been reported in baseball players.42

The anterior portion of the glenoid is postulated to be stronger
than the posterior glenoid due to the triangular linear cortex that
assists with anterior stability.69 Comparatively, the posterior rim of
the glenoid has been described as a balcony-like structure with
decreased structural support. The mechanism driving morphologic
changes at the posterior rim is thought to be attributed to activity-
dependent remodeling of the glenoid. These observedmorphologic
adaptions are due to calcific changes of the posterior-inferior gle-
noid from repeated traction of the posterior capsule and the pos-
terior band of the inferior glenohumeral ligament that occurs
during the overhead throwing motion.17,35,42 The decreased sup-
port, in conjunction with repetitive stresses across the posterior
glenoid rim during overhead throwing, may lead to the develop-
ment of posterior glenoid dysplasia.

Currently, there is little available evidence regarding the inci-
dence of posterior glenoid dysplasia in overhead-throwing athletes,
particularly, in a youth subset. Kirimura et al42 investigated a cohort
of baseball players with a mean age of 15 years and found that
96.7% of baseball athletes with a painful shoulder presented with
posterior glenoid dysplasia. Additionally, the authors found total
years’ experience and a younger starting throwing age increased
the risk of posterior glenoid dysplasia, although these findingswere
not significant.42 To the present authors’ knowledge, this is the only
study looking at the incidence of posterior glenoid dysplasia in a
youth cohort. There remains a void in the available literature that
investigates the relationship between LLS, posterior glenoid
dysplasia, and overall shoulder health of overhead-throwing ath-
letes. Additionally, the effect of posterior glenoid dysplasia, in the
presence of LLS, on clinical and RTS outcomes is unknown. This lack
of information leaves a critical gap in the collective evidence of the
propermanagement of youth athletes presentingwith both LLS and
posterior glenoid dysplasia.

The impact of posterior glenoid dysplasia on long-term health in
the throwing athlete is currently unknown. In general populations,
posterior glenoid dysplasia is present and is associated with pos-
terior and multidirectional instability.24,31,38 Although previous
studies have demonstrated that glenoid dysplasia is prevalent in a
youth population,42 children may be asymptomatic upon presen-
tation.74 However, it has been proposed that children presenting
with asymptomatic glenoid dysplasia may become symptomatic
later in life, and with an increase in exacerbating activities (ie,
overhead athletic activity).31,37,83 While it has not been directly
shown to associate with the development of time-loss injury in
adolescent or adult throwing athletes, posterior glenoid dysplasia
may contribute to the development of posterior shoulder
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instability20 injuries in the baseball athlete, such as Batter’s
Shoulder7,23,48 and Dynamic Posterior Instability in the
Thrower.68,72 As such, assessing for posterior glenoid dysplasia
should be incorporated into the clinical care program for young
baseball players. Posterior glenoid dysplasia can be assessed with
appropriate procedures using radiographic imaging.

Examination of the posterior glenoid in youth throwing athletes
may include plain radiographs using either the Bernageau method
or the Conway method (a modified axillary view). The Bernageau
method is used with the patient in a side-lying position with the
palm of the hand behind the patient’s head, the scapula oriented at
a 95� angle, and the image taken at a 15�-20� angle of incidence
caudally.42 The Conway method uses a modified axillary view with
the patient in a seated position next to the X-ray table.11 The patient
is instructed to side bend at the trunk to the ipsilateral side to an
angle of 20� while the affected arm is abducted to 80�, and the head
is side bent to the contralateral side to allow for the X-ray tube to be
angled at 0� caudally (Fig. 1). Both the Benageau and Conway
methods depict the suprascapular loop which allows clinicians to
visualize the posterior glenoid (Fig. 2 A and B). This loop is defined
by the curving contour of the spine of the scapula as it meets the
glenoid neck. Themodified axillary viewallows for the patient to be
in a seated position without measuring the orientation of the
scapula as described by Kirimura et al.42

Clinical implications

The present authors recommend that the evaluation of a youth
throwing athlete with suspected LLS should involve an interdisci-
plinary sports medicine team and should not be limited to the
involved shoulder. Primarily, an examination by a fellowship-
trained, board-certified orthopedist is recommended with an



Table I
Initial objective measures.

Measure Right Left Differencey
Glenohumeral ER 100� 100.5� �0.5�

Glenohumeral IR 17.5� 30� �12.5�

Glenohumeral TROM 117.5� 130.5� �13�

HRT 20� 34� �14�

HRT Corrected ER �14.5� - -
HRT Corrected IR þ1.5� - -
Shoulder ER Strength 3.7 kg (8.3 lbs) 7.8 kg (17.2 lbs) �4.0 kg (�8.9 lbs)
Shoulder IR Strength 7.7 kg (17 lbs) 13.3 kg (29.5 lbs) �5.6 kg (�12.5

lbs)
Shoulder Scaption

Strength
4.2 kg (9.1 lbs) 10.0 kg (22.2 lbs) �5.9 kg (�13.1

lbs)
Y-Balance Anterior Reach 59.5 cm 55.0 cm þ4.5 cm

ER, external rotation; IR, internal rotation; TROM, total range of motion; kg, kilo-
gram;lbs, pounds; cm, centimeters; HRT, humeral retrotorsion.
*Denotes pain with examination maneuvers.

yDifference was calculated as the involved arm (right) minus the uninvolved arm
(left). A positive value indicates a gain for a given measure, while a negative value
indicates a deficit compared to the uninvolved side.

Figure 2 Suprascapular loop from a modified axillary view with skeletal model (A) and radiographic imaging (B). (A) A skeletal model of the right scapula that depicts a circular
loop (highlighted in red) where the spine of the scapula meets the glenoid neck to best visualize the posterior glenoid during a modified axillary view (the Conway method). (B)
Radiographic image of the right glenohumeral joint depicting the same curricular loop.
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assessment to include a comprehensive examination of the
throwing extremity, as well as imagining as indicated by the clinical
examination. In the case of suspected LLS, the current literature
recommends bilateral AP radiographic views to properly evaluate
the proximal humeral physis.34 The authors of this paper are also
recommending a modified axillary view (Fig. 1) to best view the
posterior glenoid of the involved shoulder, as well as the unin-
volved shoulder, to serve as a reference for any perceived changes
to an immature skeleton. In conjunction with a clinical evaluation
by a board-certified, fellowship-trained orthopedic physician with
experience in treating overhead-throwing athletes, a musculo-
skeletal screen to identify key objective impairments is recom-
mended. The objective measures included should incorporate not
only the involved extremity but the contralateral extremity to serve
as a reference, as well as measures that evaluate the entire kinetic
chain of the throwing athlete.70 The objective examination should
include measures that have been previously associated with
throwing-related injury, including but not limited to glenohumeral
range of motion,26 shoulder strength,6,27 humeral torsion and its
interpretation in regards to glenohumeral rotational range of mo-
tion,33,81 as well as measures of balance and neuromuscular
control.25

Following a diagnosis of LLS, the plan of care should incorporate
a period of rest from aggravating activities, namely, throwing and
hitting. Formal rehabilitation is also recommended with a board-
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certified physical therapist with a clinical specialty in sports and/
or orthopedics and demonstration of experience working with
overhead-throwing athletes.34 The physical therapy plan of care
should focus on improving any observed deficits noted from
objective measures, as well as patient education on throwing vol-
ume and its relation to injury risk, in attempts to mitigate future
injury risk.49 At the cessation of the suggested rest period and
formal physical therapy, the patient should undergo subsequent
evaluation by the sports medicine team. Once the patient is cleared
from physician care, the patient, the patient’s caregivers, and pa-
tient’s coaching staff should be educated on the implementation
and execution of an individualized interval throwing program to be
completed prior to full return to prior level of competition and
throwing volume.9,36 Additionally, corrections of all correctable
kinetic chain conditions, resolution of strength, resolution of gle-
nohumeral motion loss, and improved ossification of the posterior
glenoid rim should be evident on radiographic imaging prior to full
return to prior level of competition.

Case example

The following case example demonstrates the evaluation and
course of care of one youth baseball athlete with a primary diag-
nosis of LLS. Prior to initial evaluation by a board-certified,
fellowship-trained orthopedic surgeon (J.E.C.), the patient re-
ported to the outpatient sports medicine physical therapy clinic for
objective measurements used in conjunction with a physical ex-
amination and imaging to ascertain a diagnosis. Each of the
objective measures was performed by researchers with previously
reported reliability.25,26,40,51 This case was purposefully chosen to
demonstrate the progression of care when proximal humeral
physis widening is present concomitantly with incomplete ossifi-
cation of the posterior glenoid (posterior glenoid dysplasia).

Case example
Thirteen-year-old, right-handed male with a diagnosis of LLS

with observed posterior glenoid dysplasia

Initial patient subjective
The patient is a pitcher and third basemanwho presented to the

outpatient sports medicine clinic for evaluation of right shoulder
pain. About a year prior to this appointment, he was seen by a
general orthopedist for right shoulder pain andwas diagnosed with
a “growth plate fracture.” He was told to take 3 months off from
throwing and was given a throwing program to start after his rest



Figure 3 Initial X-rays of proximal huemral physis. (A) Right AP view. (B) Left AP view. The right proximal humeral physis is observed to be larger than that of the left.

Figure 4 Initial X-rays of posterior glenoid. (A) Right modified axial view. (B) Left modified axial view. The red circle indicates the observed incomplete ossification of the posterior
glenoid on the right shoulder.

Table II
Six-month objective measures.

Measure Left Right Difference*

Glenohumeral ER 113.5� 104� þ9.5�

Glenohumeral IR 23� 34� �11�

Glenohumeral TROM 136.5� 138� �1.5�

HRT 15.5� 20.5� �5�

HRT Corrected ER �4.5� - -
HRT Corrected IR þ3� - -
Shoulder ER Strength 10.1 kg

(22.3 lbs)
9.1 kg
(20.2 lbs)

0.95 kg
(2.1 lbs)

Shoulder IR Strength 16.8 kg
(37.2 lbs)

17.5 kg
(38.6 lbs)

�0.63 kg
(�1.4 lbs)

Shoulder Scaption Strength 11.2 kg
(24.7 lbs)

12.6 kg
(27.8 lbs)

�1.4 kg
(�3.1 lbs)

Y-Balance Anterior Reach 62 cm 61 cm þ1.0 cm

ER, external rotation; IR, internal rotation; TROM, total range of motion; kg, kilo-
gram;lbs, pounds; cm, centimeters; HRT, humeral retrotorsion.

*Difference was calculated as the involved arm (right) minus the uninvolved arm
(left). A positive value indicates a gain for a given measure, while a negative value
indicates a deficit compared to the uninvolved side.
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period. After the rest, he initiated a throwing program and was able
to get back to a place where he could play third base, however, was
not able to get back to competitive pitching off a mound for another
729
couple of months. He has been going through pitching lessons with
an instructor who has worked extensively on his throwing me-
chanics. Three weeks prior to his initial evaluation, after an outing
on the mound, he started to experience soreness in his right
shoulder. This soreness lasted several days, but he was able to
participate in practice at third base and went on to pitch the
following weekend. During his warm-up session in the bullpen on
that weekend, his shoulder felt tight. He was able to pitch a pain-
free first inning, but in the second inning he started to experience
increased right shoulder painwith every pitch, as well as a decrease
in velocity and throwing accuracy. His shoulder was significantly
sorer after this outing. At his next outing, he was only able to get
through one inning before being taken out due to right shoulder
pain. He denies any neurovascular or mechanical complaints. He
does not have any neck or elbow pain.

Initial objective measures
The patient’s initial objective measures can be found in Table I.

These included measures of glenohumeral external and internal
range of motion (measured in supine 90� of shoulder abduction and
90� of elbow flexion while stabilizing the scapula with an incli-
nometer),82 HRT (using an indirect ultrasonographic technique),31

external and internal shoulder strength (measured via manually
resisted isometric handheld dynamometry at 0� shoulder



Figure 5 Follow-up X-rays of posterior glenoid. (A) Right shoulder axial view at 12-week follow-up. (B) Right shoulder axial view at 6-month follow-up.
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abduction and 90� elbow flexion),27 shoulder scaption strength (via
manually resisted isometric handheld dynamometry in the posi-
tion of arm abduction of 90� in the scapular plane, 30� anterior to
the frontal plane [scaption]),56,65 and postural control using the
anterior reach of the y-balance test.25 These measures were
meaningfully chosen as they have been previously associated with
injury risk development in youth baseball athletes.25,33,54,59,71

Initially, the patient had key clinical differences found in
shoulder strength (external rotation, internal rotation, and Scap-
tion), a loss of total range of motion (with torsion-correctedmotion
suggesting he was lacking external rotation), and neuromuscular
control deficits of his stride limb. The patient’s initial Kerlan-Jobe
Orthopaedic Clinic (KJOC) Shoulder and Elbow score was 40 out of
100 at his initial evaluation.

Initial clinical examination
The patient’s clinical examination by the orthopedic surgeon

included diagnostic maneuvers to test for postural abnormalities,
scapular dyskinesis/malposition, thoracic outlet compression/syn-
drome, shoulder impingement testing, and shoulder stability
testing. Key findings within the examination included mild scap-
ular dyskinesis, asymmetric scapular winging, mild tenderness to
palpation of the proximal humeral physis, the lesser tuberosity and
the posterior/inferior glenoid, and moderately painful and weak
Whipple and high Whipple tests compared to the uninvolved limb.
The patient was also observed to have 1þ posterior manual
translation on the right compared to trace translation on the left.

Initial imaging
The patient’s intitial imaging is above in Fig. 3. The dictation of

the films by the radiologist and confirmed by the orthopedic sur-
geon documented an immature skeleton, proximal humeral physis
in the right shoulder widened (Fig. 3A) than that of the left shoulder
(Fig. 3B), and moderate-to-severe posterior glenoid dysplasia with
incomplete ossification of the posterior glenoid rim of the right
shoulder (Fig. 4) when compared to the left shoulder (Fig. 4B).

Plan of care
Following the objective measures, physician evaluation, and

imagining, the patient initiated a comprehensive, linked kinetic
chain-based rehabilitation program with a board-certified clinical
specialist sports physical therapist. The linked kinetic chain-based
rehabilitation program incorporates the integration of the lower
extremity and trunk, while simultaneously challenging the stability
and strength of the upper extremity. The patient and his family
730
were instructed to have him refrain from hitting or throwing during
this time of rest and rehabilitation. Due to the finding of incomplete
ossification of the posterior glenoid rim, the initial plan was for the
patient to avoid throwing for at least 4.5 months, but with the
possibility that it may be delayed until 6 months depending on his
examination and follow-up X-rays.

The patient was re-assessed 12 weeks later with minimal
changes on X-ray imaging in regard to the posterior glenoid. Due to
the lack of improvement of the ossification of the posterior glenoid,
the patient was asked to refrain from throwing for another 12
weeks. The patient followed up again at the 6-month time point for
re-examination.

Six-month follow-up patient subjective
The patient notes he has not been throwing but has been

working on a progressive preparation for return to throwing pro-
gram including double-arm and single-arm plyometrics. He reports
that he is completely pain-free, and he has continued a course of
intermittent formal physical therapy.

Six-month follow-up clinical objective measures
The patient’s follow-up objective measures can be found in

Table II. The patient demonstrated and improvement in total arc of
motion (remedied by improving his shoulder external rotation as
guided by HRT corrected motion calculations), and strength for all
three measures and y-balance. Additionally, there was no pain
noted upon examination.

At the 6-month follow-up, the patient’s KJOC score improved to
100/100.

Six-month clinical examination
The patient’s clinical examination by the orthopedic surgeon

documented improved scapular dyskinesiswith decreasedwinging,
no tenderness to palpation of any shoulder structures, and no pain
and symmetry in strength with Whipple and high Whipple tests.
Laxity with posterior translation was unchanged on either side.

Six-month follow-up imaging
Follow-up X-ray of the posterior glenoid can be seen in Fig. 5.

The radiologist and orthopedic surgeon again noted an immature
skeleton. The posterior aspect of the glenoid showed an improve-
ment in the ossification of the previously observed dysplasia.

Following adherence to rest from aggravating activities and
participation in a formal, kinetic chainebased physical therapy
program, the patient was able to return to an interval throwing and
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interval batting program. The patient was found to have an
improvement in his posterior glenoid ossification in this time frame.

This case example followed a clinical algorithm for evaluating
and treating youth baseball athletes with throwing-related LLS
pain. The approach to ascertain a diagnosis and treatment plan
should include an interdisciplinary sports medicine team. Objective
measures of musculoskeletal health as it relates to youth baseball
athletes are a necessary step to develop an effective care plan and
identify key objective measures that may predispose a young
thrower to recurrent pain. Plain imaging, including a standard AP
X-ray to visualize the proximal humeral physis, as well as a modi-
fied axillary view to visualize the posterior glenoid, are crucial to
establishing appropriate conservative care timeframes. Improve-
ments in clinical examination, radiographic findings, and objective
measures are necessary to determine the athlete’s appropriateness
for return to an individualized interval throwing program. As
demonstrated in this case example, involvement of posterior gle-
noid dysplasia requires extended rest to allow for appropriate
ossification and further ameliorate development of future pain and
injury. This course of rehabilitation usually entails 12-24 weeks of
rest from overhead throwing prior to medical release followed by
the initiation of an interval throwing program. In a youth athlete
presenting with throwing-related shoulder pain, evaluation of
these anatomic structures is crucial. This information will drive the
creation of an appropriate plan of care as well as set up rehabili-
tation expectations for the athlete and other key stakeholders ul-
timately optimizing RTS and performance outcomes.
Conclusion

LLS is among the most common causes for shoulder pain in
youth baseball players.3,4,29,66 Their immature skeletons respond
differently to throwing-related stress when compared to more
physically mature counterparts.3,34 Osseous changes in the prox-
imal humerus have been previously described in the LLS literature;
however, few studies have examined changes at the
glenoid.14,41,42,50,63,79 While little is known about the impact of
posterior glenoid dysplasia on long-term shoulder health and
function in athletes who experience LLS, these players often require
longer rest periods away from sport, nearly double that of those
who present without changes to the glenoid. Serial radiologic im-
aging for up to 6 months must be required to ensure improved
ossification of the glenoid rim prior to initiating an interval
throwing program. Additional research is needed to better under-
stand the impact of posterior glenoid dysphasia as an osseous
variation of LLS in skeletally developing populations.
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