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Morphological changes of the posterosuperior glenoid on
ultrasonography in adolescent baseball players
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Background: This study aimed to evaluate the ultrasonographic changes of the posterosuperior glenoid (PSG) in adolescent baseball players.
Methods: We analyzed 132 consecutive adolescent baseball players (mean age, 13.4 years; height, 162.6 cm; weight, 58.9
kg; playing career length, 3.2 years) who underwent bilateral sonographic comparison of the PSG. Fifty-four players complained about shoulder pain and 79 players displayed posterior tightness of the dominant shoulder. Using the nondominant shoulder as a control, the PSG of the dominant shoulder was scanned on horizontal axis view with a linear-array
transducer, and demographic factors related to PSG abnormalities were evaluated. All players were divided into groups
based on distinctive sonographic abnormalities of the PSG: normal, beak, slope, and round types.
Results: Of the 132 players, 123 (93.2%) demonstrated abnormal PSG changes compared to the nondominant shoulder:
beak type, 28.8% (38 players); slope type, 50.0% (66 players); and round type, 14.4% (19 players). Significant differences in
mean age and length of playing career were identified among the different types: players with the beak type, slope type,
and round type were a mean of 12.1, 13.8, and 15.6 years old (P = 0.002) and had a mean playing career length of 2.0, 3.5,
and 5.4 years (P = 0.004), respectively. The mean slope angle of the slope type was 42.7°, and this angle was associated
with the length of playing career (P = 0.035). Player position (P = 0.583), the presence of dominant shoulder pain (P = 0.739),
and posterior shoulder tightness (P = 0.203) were not significantly associated with the type of PSG and slope angle.
Conclusion: Morphological changes of the PSG in the dominant shoulder occur very frequently in adolescent baseball
players. Age and length of playing career were significantly associated with this physiologic remodeling process of the
premature PSG.
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INTRODUCTION
The motion of repeated overhead throwing subjects the
shoulder to extreme forces. Pathologic changes commonly observed in the throwing shoulder of adults include internal impingement, tears in the undersurface
of the rotator cuff, and posterosuperior labral tears [1,2].
These injuries, although possible, are less commonly
observed in younger adolescent athletes. Instead, bony
changes, such as little leaguers’ shoulder or retrotorsion
of the humeral head, are predominant in this age group
[3,4].
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The posterior part of the glenoid reciprocally contacting the humeral head undergoes significant mechanical shear stresses with the throwing motion. Combined
anterior capsular stretching and posterior shoulder contracture in the late cocking phase of throwing can shift
the contact point of the glenohumeral joint posterosuperiorly and cause characteristic posterosuperior internal
impingement [1,4]. These outcomes are related to the
adaptive changes in response to repetitive overhead activities, and these posterosuperior glenoid (PSG) changes
in skeletally immature overhead athletes may differ from
those in mature adult players [5,6]. However, there is a
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paucity of studies focused on adolescent throwers’ PSG
changes including the pathomechanism, morphological
characteristics, incidence, and its association with the
players’ demographics. Additionally, it is unclear whether
the nature of the change is simply physiologic adaptive changes of the PSG due to an immature skeleton or
whether it is associated with shoulder pain or abnormal
physical findings of the dominant shoulder. A diagnostic ultrasound of the shoulder offers advantages when
utilized for scanning adolescent throwers. It exhibits a
myriad of soft tissue and osseous problems and allows
for a bilateral comparison without ionizing radiation [7,8].
The purpose of our study was to investigate the morphological changes of the PSG in adolescent baseball
players using ultrasound; we also analyzed the relationship of these changes with their symptoms and physical
and demographic factors.

METHODS

1.4; mean age, 11.1 ± 1.4 years old), and the mean career
length at the time of the ultrasound examination was 3.2
± 2.0 years. Fifty-four (54/132, 40.9%) players complained
of dominant shoulder pain, 65 (65/132, 49.2%) players of
dominant elbow pain, and 13 (13/132, 9.8%) players of
other musculoskeletal problems. Of the 54 patients who
complained of shoulder pain, the main area of pain was
anterior, lateral, and posterior in 34, 14, and 6 players, respectively. Thirty-one of these 54 players were diagnosed
with little leaguers’ shoulder on plain radiographs. In the
physical examination, 79 players (79/132, 59.8%) underwent a combined abduction or horizontal flexion test [9]
that suggested posterior shoulder tightness. Among these
players, 32 (32/132, 24.2%) exhibited glenohumeral internal rotation deficit (Table 1) [10].

Ultrasound examination
HS 40 (Samsung Medison, Seongnam, Korea) with a 15
MHz linear-array transducer was used in all cases, and an
orthopedic surgeon who majored in sports medicine per-

Patient data
All participants and their parents or legal guardians provided written informed assent and consent, respectively,
and this study was approved by our institutional review
board. This study included 132 adolescent male baseball
players (from the fourth grade in elementary school to the
first grade of high school) who visited our hospital from
November 2017 to May 2020 and underwent bilateral ultrasound examination of the posterior shoulder. Players
with acute shoulder trauma, recurrent dislocation, and a
history of shoulder surgery were excluded. There were 47
elementary school players, 74 junior high school players,
and 11 high school players, and the mean age was 13.4 ±
1.8 years. The mean height was 162.6 ± 12.6 cm, the mean
weight was 58.9 ± 15.6 kg, and the mean body mass index
(BMI) was 22.3 ± 3.5 kg/m2. The dominant arm was the
right arm in 114 players and the left arm in 18 players.
There were 34 pitchers (25.8%), 30 pitchers or fielders
(22.7%), 7 catchers (5.3%), 41 infielders (31.1%), and 20
outfielders (15.2%). Pitchers or fielders were classified as
pitchers, while catchers and in/outfielders were classified
as fielders. According to this classification, there were 64
pitchers (48.5%) and 68 fielders (51.5%). The 64 pitchers and 68 fielders threw a mean of 413 ± 224 and 398 ±
190 pitches or throws per week, respectively. The pitch
count for fielders includes the approximate number of
throws in both playing and practice. The athletes began
playing baseball in elementary school (mean grade, 4.1 ±
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Table 1. Demographic characteristics of the patients (n = 132)
Characteristic

Value

Age (yr)

13.4 ± 1.8

Height (cm)

162.6 ± 12.6

Weight (kg)

58.9 ± 15.6
2

Body mass index (kg/m )

22.3 ± 3.5

Career length (yr)

3.2 ± 2.0

Dominant (right:left)

114:18

Player position
Pitcher
Pitcher only

34 (25.8)

Pitcher or fielder

30 (22.7)

Fielder
Catcher

7 (5.3)

In-fielder

41 (31.1)

Out-fielder

20 (15.2)

Pitch count/week
Pitcher

413 ± 224

Fielder

398 ± 190

Dominant shoulder pain

54 (40.9)

Anterior

34

Lateral

14

Posterior
Posterior shoulder tightness

6
79 (59.8)

Values are presented as mean ± standard deviation, number only, or
number (%).
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formed all the scans. Before the ultrasound examination,
a three-dimensional computed tomographic image of a
player diagnosed with little leaguers’ shoulder was obtained to determine the positional relationship between
the scapular spine and the PSG, and it was confirmed
that the contact area of the transducer corresponds to the
PSG at the lower margin of the scapula spine (Fig. 1A).
To select a reproducible location of the transducer for
bilateral scanning, the posterolateral corner of the scapular spine, which is relatively easy to palpate, was used as
a bony landmark. The patient held their shoulder in a
neutral rotation with 0° abduction while sitting, and the
transducer was placed posteriorly to be parallel to and
just below the lower margin of the acromion (Fig. 1B). The
imaginary vertical line below the posterolateral corner of

the acromion was the lateral limit of the transducer, and
the position of the transducer was adjusted so that the
posterosuperior humeral head, labrum, and PSG could
be observed on the same plane. The transverse shortaxis image of the PSG was obtained and morphological
abnormalities were compared with the nondominant
shoulder (Fig. 1C). Considering normal ultrasound imaging of the posterior glenoid, which has a triangular edge
and flat glenoid articular surface without periosteal reaction or cartilage change, as a reference [8], if the shape
of the PSG of the dominant shoulder is not deformed
and is the same as that of the nondominant side, it was
considered normal. Abnormal morphological changes
of the PSG were classified into three types: (1) beak type:
the PSG protruded sharply with a periosteal reaction;

Right (D)

A

Left (ND)

B

C

Fig. 1. Scanning technique and corresponding sonographic images of both shoulders. (A) Three-dimensional computed tomography of the shoulder
showing the anatomical relationship between the lower margin of the acromion and posterosuperior glenoid (PSG) (the rigid line box indicates the
location of the transducer and the vertical dotted line indicates the lateral margin of the transducer corresponding to the posterolateral corner of the
acromion). (B) The transducer is placed just below the lower margin of the scapular spine (rigid line). (C) Transverse images of both shoulders show relatively round PSG of the dominant right shoulder. D, dominant; ND, nondominant; DEL, deltoid muscle; ISP, infraspinatus muscle; L, posterosuperior
labrum; HH, humeral head.

Right (D)

Left (ND)

Right (D)
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Right (D)
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Left (ND)

C
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Left (ND)

Fig. 2. Bilateral sonographic images of the three types of posterosuperior glenoid (PSG). (A) Beak type; sharply protruded PSG with periosteal
reaction (arrow). (B) Slope type; slanted PSG with increased cartilage
hypoechoic area (arrow). (C) Round type; smooth rounded PSG without
cartilage change (arrow). D, dominant; ND, nondominant; HH, humeral
head.
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(2) slope type: the PSG slanted posteriorly relative to the
articular surface with hypoechoic cartilage thickening;
and (3) round type: the PSG has a smooth rounded shape
without angulation or any changes in cartilage (Fig. 2). In
the slope type, the PSG slope angle to the glenoid articular surface was measured using a PACS (Standard picture
archiving and communication system; General Electric
Medical Systems, Milwaukee, WI, USA) imaging tool to
evaluate the relationship between the degree of the slope
and related variables including demographics (Fig. 3).
The mean of two measurements was used.

Data analysis and statistics
The incidence of PSG abnormalities via ultrasound was
converted into the percentage of players with those abnormalities. Demographic data including age, physical
characteristics, length of playing career, and pitch count
for pitchers were compared using a one-way ANOVA
for each group classified with a PSG morphological
abnormality. Chi-square tests were used to assess the
relationships among variables including players’ position, shoulder pain, and posterior shoulder tightness.
In the slope type, the correlation was verified through
a linear regression analysis between the measured PSG
slope angle and the demographic characteristics, and
an independent sample t-test was used to compare the

Right (D)

Left (ND)

Fig. 3. Measurement of the posterosuperior glenoid (PSG) slope angle in
the slope type. The angle represents between the posterior slope of the
PSG margin (dotted line) and the articular surface of the glenoid (rigid
vertical line). The measured mean angle was 47.2°. D, dominant; ND,
nondominant; HH, humeral head.

differences of angles according to the position, shoulder
pain, and posterior shoulder tightness. All statistical data
were analyzed using SPSS (ver. 16.0; SPSS, Chicago, IL,
USA), and statistical significance was achieved when the
P-value was less than 0.05.

RESULTS
Of the 132 players, 123 (93.2%) had PSG morphological
abnormalities in the dominant throwing shoulder compared with the nondominant shoulder, and 9 players
(6.8%) displayed no differences. The PSG was classified as
the beak type in 38 players (28.8%), the slope type in 66
players (50.0%), and the round type in 19 players (14.4%);
thus, the slope type was the most frequent (Table 2). No
morphological changes were identified in the nondominant shoulder. Significant differences were observed in
chronological age and length of playing career among
each type of PSG. The mean player age was 12.1 ± 1.2
years for the beak type, 13.8 ± 1.4 years for the slope type,
and 15.6 ± 1.0 years for the round type (P = 0.002). The
mean length of playing career for these three types was 2.0
± 1.5, 3.5 ± 1.8, and 5.4 ± 1.7 years, respectively (P = 0.004).
As the morphological change progresses from the beak
type to the slope and round types, the mean player height
and weight increased significantly to 153.4 ± 9.7, 166.4
± 10.3, and 174.1 ± 6.2 cm (P = 0.003) and to 47.1 ± 10.5,
64.2 ± 14.0, and 70.6 ± 10.5 kg, respectively (P = 0.002).
However, no statistical relationship was found between
the types of PSG and BMI (P = 0.052), player position (P =
0.287), pitch count for pitchers (P = 0.062), shoulder pain
(P = 0.127), or posterior shoulder tightness (P = 0.056)
(Table 3). In the slope type, which was the most common
(66 patients), the mean measured PSG slope angle was
42.7° ± 12°. The PSG slope angle increased significantly as
the length of playing career increased (P = 0.035); however, it was not related to age (P = 0.096), height (P = 0.164),
weight (P = 0.171), BMI (P = 0.188), and pitch count for
pitchers (P = 0.448) (Table 4). Furthermore, player position (P = 0.583), dominant shoulder pain (P = 0.739), and

Table 2. Sonographic criteria and type of posterosuperior glenoid (PSG) morphology in the dominant shoulder (n = 132)
PSG type

Sonographic criteria

Value

Normal

No significant side-to-side difference

Beak type

Sharply protruded PSG with periosteal reaction

38 (28.8)

9 (6.8)

Slope type

Slanted PSG with increased cartilage hypoechoic area

66 (50.0)

Round type

Smooth rounded PSG without cartilage change

19 (14.4)

Values are presented as number (%).
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Table 3. Characteristics of 132 players according to posterosuperior glenoid morphology of the dominant shoulder
Normal
(n = 9)

Beak type
(n = 38)

Slope type
(n = 66)

Round type
(n = 19)

11.4 ± 1.2

12.1 ± 1.2

13.8 ± 1.4

15.6 ± 1.0

0.002*

Height (cm)

149.8 ± 13.6

153.4 ± 9.7

166.4 ± 10.3

174.1 ± 6.2

0.003*

Weight (kg)

45.3 ± 14.7

47.1 ± 10.5

64.2 ± 14.0

70.6 ± 10.5

0.002*

20.2 ± 3.9

20.3 ± 2.9

23.2 ± 3.4

23.3 ± 2.6

0.052

0.9 ± 0.8

2.0 ± 1.5

3.5 ± 1.8

5.4 ± 1.7

0.004*

398 ± 89.2

430 ± 102.2

410 ± 95.6

416 ± 67.4

0.062

Variable
Age (yr)

2

Body mass index (kg/m )
Career length (yr)
a)

Pitch count /week

P-value

Pitcher:fielderb)

4:5

16:22

37:29

11:8

0.287

Dominant shoulder painb)

4 (44.4)

15 (39.5)

27 (40.9)

8 (4.1)

0.127

4 (44.4)

23 (60.5)

41 (62.1)

11 (57.9)

0.056

b)

Posterior shoulder tightness

Values are presented as mean ± standard deviation or number (%).
*P < 0.05.
a)
Pitch counts for pitchers.
b) 2
χ test among the abnormal three types.

Table 4. Univariate linear regression model for the influence of demographics on the posterosuperior glenoid slope angle in 66 players with the slope
type
Variable

Mean ± SD

Coefficient (95% CI)

P-value

13.8 ± 1.4

0.74 (−1.38 to 2.87)

0.096

166.4 ± 10.3

0.11 (−0.17 to 0.41)

0.164

Weight (kg)

64.2 ± 14

0.14 (−0.06 to 0.35)

0.171

Body mass index (kg/m2)

23.2 ± 3.4

0.58 (−0.29 to 1.46)

0.188

Pitch counta)/week

410 ± 95.6

0.09 (−0.01 to 0.04)

0.448

Career length (yr)

3.5 ± 1.8

1.82 (0.18 to 3.45)

0.035*

Age (yr)
Height (cm)

SD, standard deviation; CI, confidence interval.
*P < 0.05.
a)
Pitch counts for pitchers.

Table 5. Posterosuperior glenoid (PSG) slope angle in 66 players with the slope type morphology
Player position

PSG slope angle (°)
a)

P-value

Posterior shoulder tightness

Dominant shoulder pain

Pitcher
(n = 37)

Fielder
(n = 29)

Positive
(n = 41)

Negative
(n = 25)

Positive
(n = 27)

Negative
(n = 39)

41.9 ± 13.4

43.6 ± 10.1

44.2 ± 12.2

40.3 ± 11.4

42.1 ± 9.0

43.0 ± 13.6

0.583

0.203

0.739

Values are presented as mean ± standard deviation.
a)
Independent t-test.

posterior shoulder tightness (P = 0.203) did not significantly affect the PSG slope angle (Table 5).

DISCUSSION
The PSG exerts significant stress in overhead throwing,
and in adolescent athletes with immature bones, it may
lead to plastic deformation of the subchondral bone
of the PSG rather than soft tissue damage [1,4]. In our
study, morphological abnormalities of the dominant PSG
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were observed at a high rate (93.2% [123/132] of all players). Furthermore, a peculiar finding in this study is that
the shape of the PSG changes to a certain type as age or
length of playing career increases. Youth baseball players
usually start participating as a hobby in the lower grades
and begin playing baseball in earnest in the fourth and
fifth grades (10–11 years old) of elementary school. Based
on the results of our study indicating that the mean
playing career length of the nine players with a normal
PSG was approximately one year and that the mean age
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of players with the beak type PSG was 12.1 years with
a mean career length of two years, it can be speculated
that early PSG changes appear after about one year from
the formal start of baseball playing. The PSG shows a
posterior slope throughout junior high school, and when
the baseball career extends more than five years into the
latter part of junior high school or early high school, the
PSG is remodeled into a round shape. The statistical differences in height and weight according to each type of
PSG are caused by the differences in physical development according to chronological age.
The initial beak type deformation may be caused by
the traction-induced reactive periosteal reaction of the
PSG, which is anatomically connected to the joint capsule to maintain posterior glenohumeral joint stability
[11,12]. Subsequently, as age and length of playing career
increased, the subchondral bone of the PSG developed
a slanted appearance from the repeated posterosuperior dynamic compressive force of the humeral head in
throwing. As observed in our study, the hypoechoic PSG
cartilage on ultrasound was relatively thicker in the slope
type. This can be interpreted as a self-defense mechanism
in which non-ossified cartilage proliferates in response to
a deforming force, and it contributes to remodeling the
PSG into a round shape with subsequent ossification [13].
Burkhart et al. [10] proposed that the glenohumeral internal rotation deficit caused by the posterior contracture
results in a posterosuperior translation of the contact
point of the humeral head with the glenoid when the
shoulder is in abduction and external rotation. In our
study, 79 of 132 patients (59.8%) had posterior shoulder
tightness, suggesting that the friction between the PSG
and humeral head caused by posterosuperior translation
may contribute to some extent to PSG change. Astolfi
et al. [14] measured the posterior capsular thickness via
ultrasound in 36 youth baseball players aged 8–12 years
old and confirmed the presence of a thicker (mean, 0.11
mm) posterior capsule in the dominant shoulder; they
postulated that adult-like adaptive changes may occur
even in young players. However, it is difficult to conclude
that the mechanism of PSG change only results from posterior shoulder tightness because PSG changes were also
observed in 53 players (40.2%) without posterior shoulder tightness, and our statistical results showed that the
various types of PSG observed on ultrasound were not
related to posterior shoulder tightness. The arm deceleration phase of throwing begins at ball release, and the
greatest amount of joint loading is generated during this
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phase. A compressive force (1,090 N) slightly greater than
bodyweight is generated to resist shoulder distraction
while a posterior shear force of 40%–50% of bodyweight is
generated to resist shoulder anterior subluxation [15,16].
Therefore, the PSG changes are thought to be caused by a
combination of the shear force in the late cocking phase
and the compression force in the acceleration phase of
throwing.
In this study, 54 (40.9%) of 132 players complained of
dominant shoulder pain, which was less than the proportion of players who visited for elbow or other musculoskeletal problems (n = 78, 59.1%). Furthermore, there
was no statistical relationship between each type of PSG
and shoulder pain. Additionally, considering that the
main area of shoulder pain due to little leaguers’ shoulder is anterior or lateral, the PSG change itself observed
on ultrasound is likely an asymptomatic lesion. Internal
impingement can be accompanied by dull aching in the
posterior shoulder. However, various imaging findings
suggesting internal impingement are not necessarily related to clinical symptoms or physical findings [1,17]. Of
six players who complained of posterior shoulder pain,
Bennett lesions were later identified in three players,
a posterosuperior labral tear in one player, and osteochondritis dissecans of the PSG in two players. All were
independent lesions concomitant with the PSG change.
Unlike the PSG change, Bennett lesions are specifically
observed at the glenoid attachment of the posteroinferior
joint capsule [6,18].
We observed that the mean PSG slope angle relative to
the glenoid articular surface measured in the 66 players
with a slope type PSG, which was the most common type
in this study, was 42.7°. This angle reflects the inclination
of the posterior edge of the PSG different from the retroversion of the entire surface of the glenoid. As the age
range of the slope type was narrow, the difference in the
PSG slope angle according to age was not clear. However,
as the playing career length increased, the slope angle
increased, which is believed to be due to an adaptive
mechanism similar to an increase in glenoid retroversion
to reduce friction between the PSG and the greater tuberosity during the late cocking phase [19]. We cannot measure the PSG slope angle of the round type because of its
morphology, and the authors believe that the sloped PSG
rim is remodeled into a round shape while maintaining
the increased PSG angle.
BMI, pitch count, and player position were not related
to the morphology and slope angle of the PSG in our re-
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sults. Because the larger fat mass of the upper arm can
elevate increased joint torque during pitching, obesity
can be a risk factor for shoulder injury in young baseball
players [20]. However, the mean BMI of the players in
this study was not high (22.3 kg/m2), and morphological
changes of the PSG were observed at a fairly high incidence even when the BMI was in the normal range. Additionally, since players’ muscle mass is relatively larger
than that of general students, there may be errors in the
accuracy of the BMI, which does not distinguish between
body fat and muscle mass [21].
Since pitchers have more strength and pitch more frequently than fielders, the incidence of shoulder injury
may be higher in pitchers [22]. However, in this study,
the 64 pitchers (including pitchers or fielders) and 68
fielders had similar incidences of PSG change, and even
in the slope type, there was no difference between the
PSG slope angle and pitch count or player position. This
discrepancy may have several explanations. In youth
players, unlike adults, players change positions more
frequently and younger players often pitch less (usually
2–3 innings); fielders also throw as much as pitchers (413
pitches for pitchers, 398 pitches for fielders) due to frequent throwing practice. Additionally, abnormal kinetic
chains caused by poor pitching mechanics and conditioning may play a larger role than pitch count or player
position [2,23].
Although this study was conducted with 132 players, it

is a retrospective study, and the inter-observer error from
the ultrasound was not analyzed. However, Bica et al. [24]
stated that the intraclass correlation coefficient of ultrasound examinations performed by a single experienced
examiner is 0.75–0.94, and examination with appropriate
techniques can have relatively good reliability and accuracy. Furthermore, the authors performed comparisons with the relatively healthy nondominant shoulder;
however, no control group of non-athletes was enrolled.
Since ultrasound may be less accurate than computed tomography or magnetic resonance imaging in determining osseous or soft tissue lesions such as labral tears, a
comparative analysis may be a subject of future research
to verify the relationship between PSG type and clinical
symptoms.
In conclusion, we observed the PSG in adolescent
baseball players using ultrasound and identified morphological abnormalities in 93.2% of players. These lesions are physiologic adaptive changes of immature PSG
remodeled in a characteristic shape according to age and
playing career, and our results can be considered a useful
reference for evaluating various lesions around the posterior glenoid in adolescent baseball players.
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