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Background: The posterosuperior humeral head contacts the glenoid during pitching. While magnetic resonance imaging often detects
abnormalities in the posterosuperior humeral head of baseball pitchers, ultrasonography may also be effective in identifying these ab-
normalities. However, studies on such abnormalities in asymptomatic players are limited. Thus, this study aimed to determine the prev-
alence of abnormal findings in the humeral head using ultrasonography in asymptomatic collegiate baseball pitchers.

Methods: We utilized ultrasonography to assess abnormal findings in the humeral head, defined as a break in continuity or an irregular
surface around the infraspinatus insertion, in 33 college baseball pitchers (pitcher group) and 30 college students without experience in
overhead sports (control group). For 11 of the 33 pitchers, computed tomography-like images were used to locate the abnormalities. The
location was quantitatively identified in the axial plane using a clock system, with the bicipital groove designated as 12 o’clock, and
qualitatively assessed in the sagittal plane. Shoulder internal and external rotation ranges of motion (IR and ER ROMs) and humeral
retroversion were measured using an inclinometer. The prevalence of abnormalities among the 4 subgroups (throwing and nonthrowing
shoulders of the pitcher group and dominant and nondominant shoulders of the control group) was compared using the Fisher’s exact
test. A paired t-test was also performed to compare the IR and ER ROMs, as well as the humeral retroversion between each group’s
throwing (dominant) and nonthrowing (nondominant) sides.

Results: The prevalence of abnormalities was significantly higher (76%) in the throwing shoulder of the pitcher group than in the other
shoulder groups (<.001). The mean position of the humeral head abnormalities in the axial plane was 8:32 &£ 0:21 in the clock system,
with all abnormalities located at the infraspinatus insertion on the greater tuberosity in the sagittal plane according to CT-like image
analysis. While ER ROM and humeral retroversion were greater in the throwing shoulder, IR ROM was less than that in the non-
throwing shoulder in the pitcher group (<.001).

Conclusion: Ultrasonographic assessments revealed a higher prevalence of abnormalities in humeral head for asymptomatic collegiate
baseball pitchers. Repetitive throwing motions may lead not only to adaptations in the ROM of the shoulder joint but also to abnormal-
ities in the humeral head. Thus, ultrasonography may help identify asymptomatic baseball players with physiological internal
impingement.

This study was approved by Osaka University Hospital ethical review *Reprint requests: Tomoya Uchida, RPT, MS, Toyota Athlete Support
board (number: 23041). Center, Toyota Memorial Hospital, 1-1, Heiwa-cho, Toyota, Aichi
471-8513, Japan.
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Throwing shoulder injuries, such as rotator cuff tears,
superior labral anterior to posterior lesions, and internal
impingement, result from repetitive throwing mo-
21339 Previous studies have demonstrated that large
forces and torques occur at the shoulder joint during
maximum external rotation to the ball release in the
pitching motion. These mechanical stresses are the main
factors contributing to the throwing injuries.” Some
cadaveric studies have demonstrated that maximum
external rotation during the cocking phase increases contact
pressure on the greater tuberosity of humerus, where the
supraspinatus and infraspinatus insert, which may cause
internal  impingement.”>*  Consequently,  repetitive
impingement forces may generate lesions in the poster-
osuperior part of the glenohumeral joint.

There have been several reports on the prevalence of
abnormal findings in the glenohumeral joint among overhead
sports athletes identified using magnetic resonance imaging
(MRI)."'>'%** These studies suggest that overhead motions
might contribute to the development of abnormalities in the
glenohumeral joint. On the glenoid side, Bennet lesions,
superior labral anterior to posterior lesions, and posterior
glenoid cartilage abnormalities are frequently observed in
baseball players.'®**** However, most of these studies on
abnormal findings of glenohumeral joint for baseball players
were conducted only on players experiencing pain, and only
a few studies have investigated the prevalence of these
findings in asymptomatic players.'* Therefore, to discuss
the development of injury mechanics, further studies are
required to explore the prevalence of glenohumeral joint
abnormal findings in healthy athletes.

Abnormal findings of humeral head around the greater
tuberosity are also often present in overhead athletes,
believed to result from internal impingement.'”"''***® The
osteochondral lesions or cystic changes are typical abnor-
malities of the humeral head associated with internal
impingement and are most frequently observed on the hu-
meral head around the greater tuberosity.'’ Repetitive
microtrauma to the anterior soft tissues or dysfunction of
the dynamic stabilizers of the glenohumeral joint can
contribute to anterior translation of the humeral head on the
glenoid,'” leading to repetitive contact of the humeral head
around the greater tuberosity with the posterosuperior gle-
noid margin. Since the contact area of the glenohumeral
joint is structured around the rotator cuff insertion between
the glenoid and humeral head, the rotator cuff tear may be
caused by internal impingement. Thus, abnormal findings
in the humeral head may be indirectly related to pathologic
internal impingement.

Evaluation of abnormal findings in the humeral head
may help identify athletes with physiological or pathologic
internal impingement. However, previous studies that have
investigated the prevalence of abnormalities in the humeral
head used radiographic, arthroscopic assessment, MRI or
CT.”'**%% A major limitation of these medically specific
and expensive apparatuses is their limited availability for
evaluating asymptomatic athletes with abnormalities in the
humeral head.

The location of the abnormalities of the humeral head
resembles Hill-Sachs lesions, bone defects associated with
shoulder dislocation. Previous studies have demonstrated
that ultrasonography (US) is highly reliable for evaluating
Hill-Sachs lesions.”'® These results suggest the potential
utility of US in identifying abnormal findings in the humeral
head among baseball players. Therefore, detecting such
findings during medical examinations using US could aid in
identifying asymptomatic athletes experiencing mechanical
stress, such as impingement force and/or traction force, on
the shoulder joint due to repetitive throwing motions.

This study aimed to determine the prevalence of
abnormal findings in the posterosuperior humeral head of the
throwing shoulder among asymptomatic collegiate baseball
pitchers using US. In the present study, the prevalence of
abnormalities in the throwing shoulder was compared to that
in the nonthrowing shoulder and in both shoulders of col-
legiate students without experience in overhead sports. We
hypothesized that the prevalence of abnormal findings in the
throwing shoulder joint would be higher among baseball
pitchers than in nonthrowing shoulders or among partici-
pants without experience in overhead sports.

Materials and methods

Ethics statements

This study was conducted in accordance with the Declaration of
Helsinki and approved by our institution’s ethical review board
(number: 23,041). Written informed consent was obtained from all
participants.

Study design and participants

This cross-sectional study enrolled 37 collegiate baseball pitchers
who participated in preseason medical examinations as the pitcher
group, and 30 collegiate students without overhead sports expe-
rience as the control group. The pitcher group comprised pitchers
from Division 1 of a university baseball league affiliated with the
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Figure 1  Participant is positioned in a side-lying posture with the
palmar surface of the examination side laid on the abdomen. To
detect posterosuperior abnormal findings in the humeral head, the
ultrasonography probe was initially placed on the medial side of the
infraspinatus and then moved onto the lateral side (black arrow).

Japan University Baseball Federation, boasting an average pitch
speed of 142.2 + 1.0 km/h. The exclusion criteria for both groups
were as follows: difficulty in measuring joint ROM due to pain, a
history of shoulder dislocation, or upper limb surgery. Pitchers
experiencing shoulder discomfort during pitching at the time of
measurement were also excluded from this study. Inclusion
criteria for the control group encompassed individuals aged
18-25 years with no history of regular overhead sports. Both
groups were recruited between February 2023 and May 2023, with
measurements conducted between March and June 2023.

Assessment of abnormal findings in humeral head
using ultrasonography (US assessment)

The posterior region of the humeral head was assessed using US
(LOGIQ e Premium; GE HealthCare, Japan). Participants were
instructed to lie on their sides with the measurement side facing
upward while placing their palms on their abdomen. An examiner
(T.U.) with 7 years of clinical experience in ultrasonography,
positioned the US transducer along the long axis in the medial
region of the infraspinatus and then laterally maneuvered it to
assess the posterior humeral head' (Fig. 1). A break in continuity
or an irregular surface of the posterolateral humeral head around
the infraspinatus insertion was defined as an abnormal finding
(Fig. 2B).”® In the present study, these findings are referred to as
“abnormal findings in the humeral head.” On the other hand,
intact continuity was defined as a normal finding (Fig. 2A).

Validation of the US assessment

To validate the US assessment, 11 of the 37 participants under-
went MRI following the US assessment. MRI images were

acquired using a 3.0-T MRI scanner (MAGNETOM Skyra;
Siemens, Erlangen, Germany) with computed tomography (CT)-
like image sequences.'® Since CT-like images can serve as a
viable alternative to conventional CT scans, they were deemed
suitable for evaluating the continuity of the humeral head.”’ This
evaluation was conducted solely to assess the validity by con-
firming the presence or absence of continuity in the humeral head
in the present study. An orthopedic surgeon (T.S.) evaluated the
break in continuity of the posterolateral humeral head on MRI,
and the results were compared with those from the US assessment.
The evaluator of the MRI images was blinded to the results of the
US assessment.

Inter-rater and intra-rater reliabilities of the US
assessment

Eleven participants whose CT-like images were analyzed were
examined for inter- and intra-rater reliability. For inter-rater reli-
ability, another examiner (J.S.) who has over 10 years of the
clinical experience in ultrasonography, conducted a US assess-
ment based on the above definition. For intra-rater reliability, an
examiner (T.U.) performed a reassessment at least one month after
the initial assessment.

Position of abnormal findings in the humeral head

CT-like images of 11 participants in the pitcher group were used to
locate abnormal findings in the humeral head, based on a previous
study.”’ For each participant, an axial-plane image with the widest
part of the abnormality was selected. Subsequently, a circum-
scribed circle fitting the humeral head surface was described in
these axial plane images. Using the image analysis software
SYNAPSE VINCENT (FUJIFILM Corp., Tokyo, Japan), the
center of the circumscribed circle of the humeral head, the deepest
point of the bicipital groove, and the midpoint of the defect (ie, the
abnormal finding observed in the humeral head). were identified.”’
These images were then imported into Image J,*° and the co-
ordinates of each point were determined. As shown in Fig. 3B, the
angle between the OG and OM vectors was calculated from their
inner products. The position of the observed abnormal finding in
the humeral head was represented by replacing the clock face with
a “G” at the 12 o’clock position (Fig. 3B). To ensure consistency
in analysis, the images of the left shoulder were inverted and
adjusted to match the orientation of the right shoulder images. In
the sagittal plane, the vertical position of the observed abnormal
finding in the humeral head was qualitatively evaluated based on
its location in relation to the supraspinatus, infraspinatus, and teres
minor (Fig. 3C).

Shoulder joint range of motion: humeral retrover-
sion and glenohumeral joint range of motion

Humeral retroversion and glenohumeral joint ROM were measured
to confirm whether the throwing shoulder joints of the pitchers in
this study exhibited typical functional characteristics of pitchers.
US was also utilized to assess humeral retroversion.'>** Partici-
pants were positioned supine on a bed with the shoulder joint
abducted to 90° and the elbow flexed to 90°. One examiner (T.U.)
placed the US probe vertically on the anterior aspect of the shoulder
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Figure 2
(B) Abnormal).

Figure 3

Definition of ultrasonography images. A white arrowhead indicates a break in the continuity of the humeral head ((A) Normal,

Location of posterosuperior abnormal findings in the humeral head in the axial and sagittal planes. The location was measured

using a computed tomography (CT)-like image. (A) Original image of a CT-like image of the humeral head in the axial plane. (B)
Measurement image of the location of the abnormality. (C) CT-like image of the humeral head in the sagittal plane. (O) Center of the
humeral head. (G) The deepest point of the bicipital groove. (M) Midpoint of the abnormal findings. Arrowhead: Posterosuperior abnormal

findings in the humeral head.

joint, rotated the participant’s humerus, and identified the position
in which the line connecting the apices of the greater and lesser
tuberosities appeared parallel to the horizontal plane in the ultra-
sound image.'>** Another examiner (LN. or H.Y.) measured the
shoulder joint rotation angle along the ulna using an inclinometer,
with the ulnar angle representing the humeral retroversion angle.
The internal and external rotational ranges of shoulder motion
were measured using an inclinomete.'>?*! Participants were
positioned in the same manner as during the humeral retroversion
assessment. The examiner (T.U.) rotated the shoulder joint inter-
nally and externally to the maximum ROM. Another examiner
(IN. or H.Y.) positioned the inclinometer as described earlier and

recorded it as the shoulder internal and external rotation angle
(Overall IR and Overall ER, respectively).” The shoulder joint IR
and ER rotation angles, adjusted for the humeral retroversion
angle, were then calculated as the soft tissue-related IR and ER
angles (STR IR and STR ER, respectively).'”

Statistical analysis

Categorical data (throwing and nonthrowing) and numerical de-
mographic data (age, height, and weight) were compared between
the pitcher and control groups using chi-square and independent t-
tests, respectively.
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Table I Demographic data of pitcher and control groups
Variable Pitcher group Control group P value”
Number of participants 33 30
Dominant side, right/left 23/13 27/3 n.s.
Age, mean &£ SD, yrs 20.1 £ 0.9 20.7 £ 2.8 n.s.
Height, mean & SD, m 1.77 £ 0.05 1.72 £+ 0.08 n.s.
Weight, mean + SD, kg 78.6 £ 7.0 62.2 + 13.1 <.001

n.s., not significant; SD, standard deviation.

* Statistical significance level was adjusted using Bonferroni correction.

Inter- and intra-rater agreement for the US assessment was
assessed using Cohen’s Kappa Coefficient and classified accord-
ing to Landis and Koch'’: values < 0 were considered poor, 0.00-
0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good and
0.81-1.00 excellent agreement.

Fisher’s exact test was employed to compare the prevalence of
abnormal findings in the humeral head between the throwing and
non-throwing shoulders in the pitcher group, and between domi-
nant and non-dominant shoulders in the control group. Humeral
retroversion, Overall IR and ER, and STR IR and ER within each
group were compared using a dependent t-test. The statistical
significance level was adjusted using Bonferroni correction with
JMP Prol6 (SAS Institute Inc., Cary, NC, USA).

Results

Four participants were excluded from the pitcher group due
to pain during pitching at the time of the US assessment. A
priori power analysis (o = 0.05, 1-B = 0.80) was performed
using G Power” (Version 3.1.9.4 Kiel University, Germany)
to determine the sample size. The sample size, calculated
from a prior power analysis, was 44 participants, based on a
large effect size of Cohen’s w = 0.5. The total number of
participants in both groups was 63 (33 in the pitcher group
and 30 in the control group), which was adequate to
calculate the differences between the groups. The de-
mographic data showed a significant difference between the
pitcher and control groups in terms of weight, while no
significant differences were observed in the other variables
(Table I).

Cohen’s Kappa coefficients for the inter- and intra-rater
reproducibility of the US assessment were both 0.744,
indicating substantial agreement.'’

The prevalence of abnormal findings in the humeral
head detected via US assessment significantly differed be-
tween the groups (P < .001, Cramer’s V = 0.58; Table II).
Specifically, the prevalence on the throwing side in the
pitcher group was 76%, whereas it was <20% in the other
groups.

Findings from MRI images for 11 pitchers showed that 2
were evaluated as having continuity of the posterosuperior
humeral head, while 9 exhibited a break in continuity. The
US assessment and CT-like images were in complete
agreement regarding the presence of a break in the

continuity of the humeral head (Fig. 4). The average
location of the abnormal findings in the humeral head,
based on CT-like images, was 8:32 + 0:21 according to the
clock system in axial plane analysis. In the sagittal plane,
the abnormal findings in the humeral head were consis-
tently located at the infraspinatus insertion in the humeral
greater tuberosity across all participants.

Humeral retroversion and overall ER in the throwing
shoulder were significantly greater than those in the non-
throwing shoulder (Table III). Additionally, the overall IR
of the throwing shoulder was significantly lower than that
of the non-throwing shoulder in the pitcher group (Table
[1T). However, the STR IR and ER showed no significant
differences between the shoulders. In the control group, for
the dominant and nondominant shoulders, humeral retro-
version was 70 &+ 7 and 69 £+ 9° (P = .776, Cohen’s
d (E.S.) = 0.13), overall ER was 109 + 12 and 105 4+ 10°
(P =.883, E.S. =0.31), overall IR was 38 + 9 and 42 + 8°
(P = .021, ESS. = 0.53), STR ER was 128 £ 9 and
126 £ 12° (P =.738, E.S. =0.17), and STR IR was 18 + 6
and 22 £+ 8° (P = .045, E.S. = 0.44), respectively. No
variables showed significant differences in the control

group.

Discussion

This study highlights a higher prevalence of abnormal
findings in the humeral head, characterized by a break in
the continuity of the posterosuperior humeral head as
determined by US, in the throwing shoulder compared to
the nonthrowing shoulder in the pitcher group and both
shoulders in the control group. Previous studies using MRI
to determine the prevalence of cystic changes in the post-
erosuperior humeral head among overhead sports athletes
reported a prevalence of 70% in athletes diagnosed with
throwing shoulder injuries and 60% in handball
players.'”'® In this study, US was employed to evaluate the
continuity of the humeral head in asymptomatic baseball
pitchers, revealing a prevalence of 76% for abnormal
findings in the humeral head. Both handball throwing and
baseball pitching involve the cocking phase, which includes
shoulder joint abduction and external rotation, accompa-
nied by higher internal rotation torque and anterior force
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Table II  Prevalence of abnormal findings in the humeral head”

Throwing shoulder of Nonthrowing shoulder of Dominant shoulder of Nondominant shoulder of
pitcher group pitcher group control group control group
Normal, 8 (24) 27 (82) 28 (93) 24 (80)
n (%)
Abnormal, 25 (76) 6 (18) 2 (7) 6 (20)
n (%)

* Significant difference between groups (P < .001).

Figure 4  Ultrasonography and CT-like images used in the evaluation of the posterosuperior humeral head. White arrowheads indicate the
break in the continuity of the humeral head. (A-1) The continuity of the humeral head by ultrasonography evaluation. (A-2) The continuity
of the humeral head by computed tomography (CT)-like image (the same participants as A-1). (B-1) Abnormal findings in the humeral head
by ultrasonography evaluation. (B-2) Abnormal findings in the humeral head by CT-like image (the same participants as (B-1)).
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Table III  Shoulder function assessment comparing throwing and non-throwing shoulders in the pitcher group

Variable (°) Throwing shoulder Nonthrowing shoulder P value® Effect size

Mean + SD Mean + SD

Humeral retroversion 83+ 8 70 £ 8 <.001 1.60

Overall ER 127 + 10 117 £ 9 <.001 1.02

STR ER 134 + 11 137 + 12 141 0.26

Overall IR 26 £ 11 43 + 11 <.001 1.57

STR IR 19 +£ 8 23+ 8 .013 0.54

ER, external rotation; IR, internal rotation; STR, soft tissue related.

* Statistical significance level was adjusted using Bonferroni correction.

T Cohen’s d effect size.

applied to the shoulder joint.***** Despite differences in

evaluation methods, findings (cystic change vs. break in
continuity or an irregular surface), and sports, abnormal
findings in the humeral head occurred at similar positions
and rates. This suggests that such findings may result from
the complex shoulder joint movement during the throwing
motion, involving large mechanical forces such as the
impact force due to internal impingement and traction force
due to infraspinatus contraction.

The results of the positional analysis of the abnormal
findings in the humeral head using CT-like images showed
that they were located in the posterolateral part of the hu-
meral head, with their height aligned with the level of the
infraspinatus insertion. In shoulder abduction movements,
the path of contact between the glenoid and the humeral
head is called the “glenoid track.”®’ Omori et al* inves-
tigated the glenoid track while maintaining the arm at
maximum external rotation and horizontal abduction. Their
study demonstrated that the glenoid track shifts from the
bottom to the top of the humeral head as shoulder abduc-
tion increases. Specifically, at 90° shoulder abduction,
which corresponds to the typical shoulder angle at
maximum external rotation during baseball pitching, the
posterosuperior humeral head comes into contact with the
posterior part of the glenoid. Additionally, a cadaveric
study simulating a late cocking posture indicated that the
insertion from the supraspinatus to the infraspinatus con-
tacted the posterosuperior side of the glenoid.”> Moreover,
it was noted that the degree of overlap of these insertions
with the glenoid and the resulting contact pressure
increased with excessive horizontal abduction.”” Excessive
horizontal abduction during the pitching motion, termed
hyperangulation,” is recognized as a risk factor for
throwing shoulder injuries.””® Notably, excessive horizon-
tal abduction during the early cocking and acceleration
phases may increase the contact pressure between the
posterosuperior humeral head and glenoid.”*® This
increased pressure may cause internal impingement and
subsequently lead to some abnormal findings of gleno-
humeral joint. Thus, mechanical stress resulting from
improper pitching mechanics could potentially contribute
to microtrauma around the posterosuperior region of the

humeral head, particularly induced by external shoulder
rotation combined with excessive horizontal abduction.
This increased stress might ultimately lead to the devel-
opment of abnormal findings in the humeral head.

The presence of abnormal findings in the humeral head
may provide evidence that physiological internal impinge-
ment of the posterosuperior part of the humeral head
occurred during the pitching motion. Recent analyses of
pitching motion, including scapular models, have suggested
that poor coordination of scapular movement with the
shoulder joint complex during pitching may increase the
risk of developing internal impingement.”® Therefore, a
comparison of the differences in glenohumeral joint motion
during pitching with and without abnormal findings in the
humeral head would help clarify the assumption that
improper scapular motion contributes to the development of
abnormalities.

Takahashi et al’* indicated that abnormal findings in the
humeral head are a factor involved in the enlargement of
the area of impingement (AOI). The AOI, comprising the
greater tuberosity at the rotator cuff attachment and pos-
terior glenoid fossa, is larger in the throwing shoulder
compared to the nonthrowing shoulder. Furthermore, the
prevalence of abnormal findings in the shoulder joint (such
as greater tuberosity cystic changes and posterior labrum
degeneration) was significantly higher in the throwing
shoulder than in the non-throwing shoulder, suggesting that
these abnormal findings may contribute to a larger AOI and
increase the risk of rotator cuff injury.”* Therefore,
detecting abnormal findings in the humeral head using ul-
trasonography may assist in identifying the risk of physi-
ological internal impingement related to the rotator
cuff tear.

In our study, the pitcher group displayed characteristic
shoulder joint functions characteristic, such as greater humeral
retroversion, increased external rotation of the glenohumeral
joint, and reduced internal rotation. These results are consis-
tent with findings from previous studies'**** and indicate the
frequent occurrence of abnormal findings in the humeral head
of the throwing shoulder among collegiate baseball pitchers.
Considering these results alongside the findings of the current
study, it is suggested that repetitive mechanical stress from the
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pitching motion not only contributes to the adaptations in the
shoulder joint ROM and humeral retroversion but also
morphological changes in the humeral head, such as the
observed abnormal findings in the humeral head.

This study has a few limitations. First, the US assessment
evaluated only breaks in the continuity or irregular surfaces
of the humeral head. Its association with other abnormal
findings in the humeral head, such as osseous edema or
cysts, is unknown. However, the purpose of this study was to
focus on abnormal findings in the humeral head that can be
assessed using ultrasound. These associations call for
further studies. Second, the results cannot be generalized to
other age groups because only college students participated
in this study. Future studies involving participants from
different age groups are warranted. Third, a causal rela-
tionship between abnormal findings in the humeral head and
throwing shoulder injuries could not be established.
Therefore, the relationship between abnormal findings in the
humeral head and shoulder pain remains unclear. There is
currently no consensus on the appropriate course of action
following early detection, as the findings have shown
limited correlation with clinical symptoms.”’ After early
detection, further investigation using a prospective approach
is needed. Finally, in this study, STR IR and ER are
calculated, but glenoid retroversion was not included.
Glenoid retroversion, like humeral retroversion, may be a
protective adaptive change and could have affected STR IR
and ER.'"** However, a previous study investigating the
overall IR, overall ER, STR IR, and STR ER in baseball
players with pathological internal impingement also only
used humeral retroversion.'” In that study, the functional
characteristics of the throwing shoulders of baseball pitchers
were represented without measuring glenoid retroversion.
Following this methodology, we employed the same
approach. Thus, our results indicating that our pitcher group
exhibited typical functional characteristics of baseball
pitchers were not affected by the absence of glenoid retro-
version measurement.'”

Conclusion

Abnormal findings in the humeral head were success-
fully identified using US. A higher prevalence of these
findings was observed in the throwing shoulder
compared to the nonthrowing shoulder and control
groups, with a prevalence of 76% even in asymptomatic
players. Therefore, morphologic changes due to physi-
ological internal impingement may have already begun,
potentially progressing to pathological internal
impingement. The study found morphologic changes
that might represent the transition from physiological to
pathologic internal impingement. This suggests that ul-
trasonographic assessment may help identify the

potential risk of internal impingement in asymptomatic
baseball players.
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