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Background: Humeral retroversion is greater in the dominant shoulder than in the nondominant shoulder in baseball players. However,
the effect of different baseball positions during childhood on humeral retroversion remains unknown. The purpose of this study was to
investigate the following: (1) the relationship between humeral retroversion and baseball positions played during elementary and junior-
high schools; (2) the association between humeral retroversion and the prevalence of pain during the medical checkup and self-reported
history of injuries in the dominant shoulder or elbow.
Methods: We enrolled 149 male high-school baseball players who started playing baseball in elementary school. The subjects were
classified into 3 groups according to their baseball positions in elementary and junior-high schools. All participants completed question-
naires regarding their current and past positions, current incidence and history of injuries in their shoulder or elbow joints, and the age
they started playing baseball. Shoulder range of motion, humeral retroversion on ultrasonographic-assisted measurement, and the asso-
ciation between humeral retroversion and shoulder and elbow pain were evaluated.
Results: Humeral retroversion was significantly greater in the dominant shoulder than in the nondominant shoulder in all groups (P <
.001). In addition, humeral retroversion in the dominant shoulder was significantly greater in players who were pitchers in both elemen-
tary and junior-high schools than in those who were fielders during both periods (96.2� and 89.4�, respectively; P ¼ .02). Humeral retro-
version in the dominant shoulder was positively correlated (P ¼ .005, r ¼ 0.23) with the length of career as a pitcher during elementary
and junior-high schools. Humeral retroversion was not correlated with the prevalence of pain during the medical checkup or self-
reported history of injuries in the dominant shoulder or elbow (P values ranging from 0.09-0.99).
Conclusion: These results suggest that playing baseball as a pitcher during elementary school and junior-high school affects the in-
crease in humeral retroversion in the dominant shoulder. Increased humeral retroversion in the dominant shoulder by repetitive throwing
motion is an adaptive change, rather than a pathologic change.
Level of evidence: Level III; Cross-Sectional Design; Epidemiology Study
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Humeral retroversion is defined as the rotational
angle of the proximal humerus relative to the distal
humerus.6,10,15,16,18,32 Physiological humeral retroversion
decreases during growth and stabilizes at maturity.5,7

Edelson showed that the mean humeral retroversion in
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humans decreases by 48� between birth and skeletal
maturity at 16-19 years of age.7 In throwing athletes, the
external forces caused by repetitive throwing are thought to
restrict physiological de-rotation of the humerus,25,32 such
that humeral retroversion is greater in the dominant
shoulder than in the nondominant shoulder in baseball
players.6,15,16,23,32 This side-to-side difference in humeral
retroversion has been reported in elementary school,13,32

junior-high school,32 high school,15,18 college,20,24,29 and
professional6,31 baseball players.

Previous studies reported that side-to-side difference in
humeral retroversion becomes evident from the fourth to
the fifth grade,13,32 and the changes in humeral retroversion
associated with throwing in baseball players are already
completed by high school.15,21 Recently, Nakase et al18

reported a significant negative correlation between humeral
retroversion on the dominant side and the age when the
players started playing baseball. Takenaga et al28 reported
that players who started playing baseball after 11 years of
age demonstrated significantly smaller humeral retrover-
sion in the throwing arm than those who started playing
baseball before age 11. Because of the occurrence of
growth spurt after the age of 11, throwing is likely to
exhibit a more significant influence on the bony structure of
those who started playing baseball before the age of 11 than
those who started playing baseball after the age of 11.32 To
date, however, it remains unclear whether the positions
played during elementary school and junior-high school
affect humeral retroversion. Because pitchers throw more
frequently than fielders during baseball games,3 increasing
the frequency of pitching during elementary school and
junior-high school may increase humeral retroversion in the
dominant shoulder.

Increased humeral retroversion in the dominant shoulder
has been considered an adaptive change in baseball
players.15,31 However, some studies have recently reported
a relationship between the risk of throwing injury and hu-
meral retroversion. Polster et al23 reported a strong rela-
tionship between lower degrees of dominant humeral
retroversion and more severe throwing injuries in profes-
sional baseball pitchers. Noonan et al19 reported that
increased adaptive humeral retroversion is protective
against shoulder injuries but a harmful contributor of elbow
injuries in professional pitchers. On the contrary, Oyama
et al22 reported that shoulder rotation range of motion
(ROM) or humeral retroversion at preseason did not predict
the risk of throwing-related injury of the upper extremity in
high school baseball players. Because of inconsistency in
the findings of previous studies, the association between
increased humeral retroversion in the throwing arm and
throwing injuries remains inconclusive.

Hence, the objectives of this study were to investigate
the following: (1) the effect of baseball positions played
during elementary and junior-high schools on humeral
retroversion in high-school baseball players; (2) the asso-
ciation between humeral retroversion and the prevalence of
pain during the medical checkup and self-reported history
of injuries in the dominant shoulder or elbow. We hy-
pothesized that (1) humeral retroversion would be greater
in baseball players who were pitchers in elementary school
and junior-high school than in those who were fielders; (2)
the increased humeral retroversion in the dominant shoul-
der by repetitive throwing motion does not cause shoulder
and elbow pain.
Materials and methods

Subjects and study design

This is a retrospective cross-sectional epidemiology study. In total,
149 male baseball players in their first year of high-school (age:
mean, 15.4 years; range, 15-16 years) who were medically
examined during the annual team medical checkup were enrolled
in this study. The exclusion criteria were any history of fracture or
previous surgery to the shoulder or elbow joints. All 149 players
had started playing baseball in elementary school. The mean age
at which subjects began playing baseball was 8.0 years (range, 4-
12 years). We classified the subjects into 3 groups based on the
positions played during baseball in elementary and junior-high
schools, as follows: group 1 players (n ¼ 34) were pitchers in both
elementary and junior-high schools; group 2 players (n ¼ 48) were
pitchers in either elementary school or junior-high school; and
group 3 players (n ¼ 67) were fielders in both elementary school
and junior-high school. The demographic data of the subjects are
shown in Table I.

The goals and components of the study were explained to all
participants and their parents. The participants and their guardians
reviewed and signed an informed consent form. All participants
completed questionnaires with the cooperation of their families
regarding their baseball career, including the age when started
playing baseball, current and past positions in elementary school
and junior-high school, current shoulder or elbow pain during
baseball, and history of injuries in the shoulder or elbow joint. In
addition, all subjects were examined for shoulder ROM and hu-
meral retroversion bilaterally using ultrasonography.15,18

Assessment of shoulder joint

The evaluated variables of shoulder ROM were as follows: (1)
external rotation, (2) internal rotation, and (3) the total arc of
rotation. The examiner assessed passive shoulder ROM in the
horizontal plane using a conventional technique recommended by
the American Academy of Orthopaedic Surgeons.2 Neutral rota-
tion was defined as the position at which the long axis of the
forearm was perpendicular to the trunk. The examiner stabilized
the scapula during ROM measurements by holding the subject’s
acromion and coracoid process. The ends of the range of external
and internal rotations were defined by visual or tactual observation
of a movement in the scapula via the subject’s acromion and
coracoid process by the examiner. The second examiner placed a
digital inclinometer (accuracy, 0.1�, Smart Tool; M-D Building
Products, Oklahoma City, OK, USA) on the palmar side of the
forearm to measure the degree of rotation away from the hori-
zontal plane (trunk) as previously described (Fig. 1).15,18 The



Table I Subject demographics

Group 1
(pitcher)
(n ¼ 34)

Group 2
(pitcher/fielder)
(n ¼ 48)

Group 3
(fielder)
(n ¼ 67)

Total
(n ¼ 149)

Age, yr 15.4 � 0.5 15.4 � 0.5 15.4 � 0.5 15.4 � 0.5
Age when subject started playing baseball, yr 7.6 � 1.5 8.1 � 1.4 8.1 � 1.7 8.0 � 1.6
Height, cm 173.4 � 4.9 170.7 � 4.9* 168.8 � 5.2y 170.5 � 5.3
Weight, kg 68.5 � 7.5 66.5 � 7.0 63.5 � 7.8z 65.6 � 7.7
BMI 22.7 � 1.7 22.8 � 2.2 22.3 � 2.1 22.5 � 2.1

BMI, body mass index.
* Significantly less (P ¼ .042) than value for group 1.
y Significantly less (P < .001) than value for group 1.
z Significantly less (P ¼ .006) than value for group 1.

Figure 1 The shoulder range of motion in the horizontal plane was measured using a conventional technique recommended by the
American Academy of Orthopaedic Surgeons.2 Neutral rotation was defined as the position at which the long axis of the forearm was
perpendicular to the trunk. The degree of rotation away from the horizontal plane (trunk) was measured using a digital inclinometer (Smart
Tool, M-D Building Products; accuracy, 0.1�). (A) External rotation; (B) neutral rotation; (C) internal rotation.
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angles from the neutral rotation to each endpoint were calculated.
All measurements of shoulder ROM were bilaterally taken 3 times
by the same examiners, and the average of the 3 trials was used for
statistical analysis. Previous studies reported the interobserver
reliabilities of these measurements using intraclass correlation
coefficients (ICCs).15,18 They reported that interobserver re-
liabilities for external rotation and internal rotation were 0.73 and
0.89, respectively.15 In this study, we assessed the intraobserver
reliability of measurement using all ROM measures.

The rotation angle of the proximal humerus relative to that of
the distal humerus (humeral torsion angle) was bilaterally
measured using ultrasonography, as previously described
(Fig. 2).15,18 Players were placed in the supine position with the
shoulder at 90� of abduction, the elbow at 90� flexion, and the
forearm in the neutral position. The humeral torsion angle was
defined as the angle between the long axis of the forearm and a
line parallel to the trunk when the line tangential to the greater
tuberosity and lesser tuberosity (forming the bicipital groove) was
parallel to the horizontal baseline on the ultrasound monitor, while
the ultrasound probe was held parallel to the floor. The humeral
torsion angle was similarly measured using a digital inclinometer
(accuracy, 0.1�, Smart Tool; M-D Building Products) that was
placed on the palmar side of the forearm. In this study, a greater
numerical value implied greater humeral torsion and greater hu-
meral retroversion. The measurements of the humeral torsion
angle were bilaterally taken twice by the same examiners, and the
average of the 2 trials was used for statistical analysis. Previous
studies demonstrated that the ICCs of this measurement for hu-
meral retroversion were 0.89 for interobserver reliability.15,18 In
this study, we assessed the intraobserver reliability using all hu-
meral torsion angle measures.
Statistical analyses

We calculated ICCs in the assessment of the intraobserver
reliability of measurements. Subsequently, in the examination of
the absolute reliability and the degree to which repeated mea-
surements vary for individuals, the standard error of measure-
ment (SEM) was calculated as SD �O1 – ICC. The SEM was
used for calculating the minimal detectable change (MDC90),
which was calculated as SEM � 1.65 � O2. Data were
expressed as mean � standard deviation. The mean humeral
torsion angle was compared between the dominant and



Figure 2 The humeral torsion angle was measured using ultrasonography, as previously described.15,18 Players were placed in the supine
position with the shoulder at 90� of abduction, the elbow at 90� flexion, and the forearm in the neutral position. (A) The humeral torsion
angle was defined as the angle (a) between the long axis of the forearm and a line parallel to the trunk, (B) when the line tangential to the
greater tuberosity (GT) and lesser tuberosity (LT, forming the bicipital groove) was parallel to the horizontal baseline on the ultrasound
monitor, (C) while the ultrasound probe was held parallel to the floor. The humeral torsion angle (a) was measured using a digital
inclinometer (Smart Tool, M-D Building Products; accuracy, 0.1�) placed on the palmar side of the forearm.
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nondominant shoulders using the paired t test. For the com-
parison among the 3 groups, a one-way analysis of
variance followed by Tukey post hoc test was used.
Pearson correlation coefficient was used to analyze the rela-
tionship between the humeral retroversion and length of entire
baseball career or career as a pitcher. The correlation coefficient
(r value) was interpreted according to commonly used defini-
tions as follows: <0.1, negligible; 0.10-0.39, weak; 0.40-0.69,
moderate; 0.70-0.89, strong, and >0.9, very strong relation-
ship.1,27 The associations between humeral torsion angle and
studied variables (the prevalence of pain during the medical
checkup or self-reported history of injuries in the dominant
shoulder or elbow) were determined by calculating the odds
ratios (ORs), with 95% confidence intervals (CIs), using logistic
regression analyses. Values of P < .05 were considered statis-
tically significant. All statistical analyses were performed using
the JMP Pro 14.0 software (SAS Institute Inc., Cary, NC, USA).

We used the G*Power3 package to perform a power analysis
after data collection. We calculated the power (1 – b) of
comparison among the 3 groups by defining the sample size as
34 (for group 1), 48 (for group 2), and 67 (for group 3), the
threshold of significance (a) as 0.05, and the effect size as 0.23
for humeral retroversion in the dominant shoulder. Similarly,
we calculated the power (1 – b) of comparison between the
dominant shoulder and nondominant shoulder in each group by
defining the sample size as 34 (for group 1), 48 (for group 2),
67 (for group 3), and 149 (in total), and threshold of signifi-
cance (a) as 0.05. In addition, the effect size was defined as
1.07 (for group 1), 0.97 (for group 2), 0.81, (for group 3), and
0.84 (in total), respectively, for humeral retroversion; 0.92 (for
group 1), 0.80 (for group 2), 0.94 (for group 3), and 0.89 (in
total), respectively, for external rotation; 1.48 (for group 1),
1.57 (for group 2), 1.57 (for group 3), and 1.54 (in total),
respectively for internal rotation; and 0.67 (for group 1), 0.78
(for group 2), 0.80 (for group 3), and 0.76 (in total), respec-
tively, for total arc of rotation.
Results

In the power analysis, the comparison among the 3 groups
demonstrated a power of 0.70 for the humeral torsion angle
in the dominant shoulder. The comparison between the
dominant and nondominant shoulders revealed power
ranging between 0.99-1.0 for humeral torsion angle, 0.99-
1.0 for external rotation, 0.99-1.0 for internal rotation, and
0.97-1.0 for the total arc of rotation.

The ICC for the shoulder ROM measurement was 0.94
for external rotation and 0.94 for internal rotation. Values of
SEM were 2.4� for external rotation and 3.0� for internal
rotation. In addition, values of MDC90 were 5.6� for
external rotation and 7.1� for internal rotation. The ICC for
measurement of humeral torsion angle was 0.96; the values
of SEM and MDC90 were 2.5� and 5.9�, respectively.

The average age during medical checkup and the age
when subjects started playing baseball did not differ
significantly among the 3 groups (Table I). In all groups,
humeral torsion angle was significantly greater in the
dominant shoulder than in the nondominant shoulder (P
< .001) (Table II). In particular, humeral torsion angle
was greater in group 1 (96.2� � 13.8�) than in group 3
(89.4� � 11.7�) (P ¼ .02). For all players, the mean side-
to-side difference in humeral torsion angle was 9.8� �
10.7� and was observed to be higher in group 1 (13.0� �
12.2�) than in group 3 (8.1� � 9.9�); however, the dif-
ference was not significant (P ¼ .09). In all groups, the
maximum external rotation was significantly greater in
the dominant shoulder than in the nondominant shoulder
(P < .001 in all groups), whereas the maximum internal
rotation and total arc of rotation were significantly less
(P < .001 in all groups). External rotation, internal



Table II Humeral torsion angle and shoulder ROM according to the positions played in the elementary school and junior-high school

Group 1
(pitcher)
(n¼34)

Group 2
(pitcher/fielder)
(n ¼ 48)

Group 3
(fielder)
(n ¼ 67)

Total
(n ¼ 149)

Humeral torsion angle (�)
Dominant side 96.2 � 13.8*,y 91.8 � 11.3* 89.4 � 11.7* 91.7 � 12.3*

Nondominant side 83.2 � 12.5 81.7 � 11.6 81.3 � 9.6 81.9 � 10.9
Side-to-side difference 13.0 � 12.2 10.0 � 10.3 8.1 � 9.9 9.8 � 10.7

External rotation (�)
Dominant side 113.9 � 7.9* 113.5 � 9.6* 110.1 � 10.3* 112.1 � 9.7*

Nondominant side 105.5 � 10.2 106.4 � 5.6 103.0 � 8.5 104.7 � 8.2
Side-to-side difference 8.3 � 8.9 7.1 � 8.9 7.6 � 7.6 7.4 � 8.3

Internal rotation (�)
Dominant side 28.4 � 13.6z 25.3 � 12.3z 27.6 � 11.9z 27.1 � 12.4z

Nondominant side 43.9 � 10.2 42.5 � 10.5 42.7 � 11.8 42.9 � 11.0
Side-to-side difference �15.5 � 10.4 �17.1 � 10.9 �15.1� 9.6 �15.9 � 10.2

Total arc of rotation (�)
Dominant side 142.3 � 15.3z 138.8 � 16.8z 137.7 � 16.6z 139.1 � 16.4z

Nondominant side 149.4 � 13.9 148.9 � 12.9 145.7 � 14.1 147.6 � 13.7
Side-to-side difference �7.1 � 10.6 �10.1 � 13.0 �7.9 � 9.9 �8.5 � 11.1

ROM, range of motion.

Data are expressed as mean � standard deviation.
* Significantly greater (P < .001) than value for the nondominant side.
y Significantly greater (P ¼ .02) than value for the dominant side of subjects in group 3.
z Significantly less (P < .001) than value for the nondominant side.

Table III The correlation between the humeral torsion
angle and length of career as a pitcher or entire baseball career

r values P values

Length of career as pitchers
Dominant 0.23 .005*

Nondominant 0.10 .21
Length of entire baseball career
Dominant 0.08 .34
Nondominant 0.02 .80

* Significant correlation between the humeral torsion angle in the

dominant shoulder and length of career as a pitcher (P ¼ .005).
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rotation, and the total arc of rotation in the dominant or
nondominant shoulder did not significantly differ among
the 3 groups.

Subsequently, we assessed the correlations between
humeral torsion angle and the length of career as a pitcher
or that of entire baseball career during elementary school
and junior-high school. A positive correlation was observed
between the humeral torsion angle and the length of career
as a pitcher in the dominant shoulder (P ¼ .005, r ¼ 0.23);
however, no positive correlation was observed in the
nondominant shoulder (P ¼ .21, r ¼ 0.10). On the contrary,
no significant correlation was noted between the humeral
torsion angle and the length of total baseball career in the
dominant shoulder (P ¼ .34, r ¼ 0.08) and the nondominant
shoulder (P ¼ .80, r ¼ 0.02) (Table III).

The association between humeral torsion angle and the
prevalence of pain during the medical checkup and self-
reported history of injuries in the dominant shoulder or
elbow were consequently assessed according to ORs, 95%
CIs, and P values (Table IV). Of 149 study subjects in total,
12 players had shoulder pain and 25 players had elbow pain
during the medical checkup. In addition, 60 players had
self-reported history of shoulder injury, whereas 92 players
had that of elbow injuries. Forty players had no self-
reported history of shoulder or elbow injury. Humeral tor-
sion angle was not correlated with the prevalence of pain
during the medical checkup or a self-reported history of
injuries in the dominant shoulder or elbow (P values
ranging from .09-.99).
Discussion

The most important finding of this study was that humeral
retroversion was significantly greater in baseball players
who were pitchers in both elementary school and junior-
high school than in players who were fielders during both
periods even though the age when they started playing
baseball did not differ. Furthermore, we found a significant
positive correlation between the length of career as a
pitcher during elementary school and junior-high school,
and humeral retroversion in the dominant shoulder although
the value of correlation coefficient (r ¼ 0.23) was inter-
preted as weak correlation according to previous defini-
tions.1,27 Notably, this correlation was not observed in the



Table IV Association between humeral torsion angle and prevalence of pain during the medical checkup or history of shoulder or
elbow injuries

Number (%) Dominant side Nondominant side Side-to-side difference

Odds
ratio

95% CI P values Odds
ratio

95% CI P values Odds
ratio

95% CI P values

Prevalence of shoulder pain 12 (8.1) 1.00 0.95, 1.05 .99 1.00 0.95, 1.06 .88 1.00 0.94, 1.05 .87
Prevalence of elbow pain 25 (16.8) 0.99 0.95, 1.02 .50 1.04 0.99, 1.08 .10 0.97 0.93, 1.01 .17
History of shoulder injury 60 (40.3) 1.00 0.98, 1.03 .83 1.01 0.98, 1.05 .32 0.98 0.95, 1.01 .21
History of elbow injury 92 (61.7) 0.99 0.96, 1.02 .52 1.01 0.98, 1.04 .35 1.00 0.97, 1.02 .83
No history of shoulder or

elbow injury
40 (26.8) 0.99 0.96, 1.02 .71 0.97 0.94, 1.00 .09 1.02 0.97, 1.05 .18

CI, confidence interval.
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nondominant shoulder. On the contrary, no significant
correlation was noted between the length of entire baseball
career and humeral retroversion in either the dominant or
the nondominant shoulder. These results suggest that
playing baseball as a pitcher during elementary school and
junior-high school affects the increases in the humeral
retroversion in the dominant shoulder. Because pitchers
throw more frequently than fielders during baseball games,3

and are thought to experience greater torsional stress on
their throwing limb than fielders,26 increasing the frequency
of pitching during elementary school and junior-high
school may increase humeral retroversion in the dominant
shoulder.

On the other hand, the humeral retroversion of baseball
players who were fielders in both elementary school and
junior-high school was significantly greater in the dominant
shoulder than the nondominant shoulder. This suggests that
playing baseball in elementary school and junior-high
school (even as fielders only) increases humeral retrover-
sion. This result was consistent with findings from previous
reports.15,28

Humeral retroversion in baseball players has been
assumed to occur around the proximal physis.21,24,25 The
epiphyseal plate consists of the fibrous, cartilaginous, and
bony parts. The cartilage of the epiphyseal plate is weaker
than the surrounding ligaments and is susceptible to
torsional stress.4,8 The shear stress arising from high tor-
ques during the arm cocking throwing phase in overhead
sports is significant enough to lead to the deformation of the
weak proximal humeral epiphyseal cartilage.25 In the pe-
diatric population, the closure of the growth plate of the
proximal humerus starts around 14 years of age, and the
last anatomic site to close is the posterolateral region,
which closes at 17 years of age.14 Little Leaguer’s shoulder,
a proximal humeral epiphysiolysis, is known to occur as a
result of excessive rotational stress on the proximal physis
during throwing motion in preadolescent or adolescent
throwing athletes.11,25 In addition, Johanson et al12 found
alterations in the lateral and ventral growth plates of the
proximal humerus in the dominant arm of asymptomatic
elite adolescent tennis players; this implies that repetitive
loading in the overhead motion during elementary and
junior-high schools may increase the humeral retroversion
around the proximal epiphyseal plate without causing
throwing injuries. Recently, a 3-dimensional computed
tomographic analysis showed that side-to-side differences
in humeral retroversion were observed at the insertions of
the internal rotators of the pectoralis major, latissimus
dorsi, and teres major, as well as around the proximal
epiphyseal plate in baseball players between the age of 15-
38 years.10 A previous electromyographic study showed
that the internal rotator muscles of the humerus (sub-
scapularis, pectoralis major, and latissimus dorsi) become
extremely active and contract eccentrically during late
cocking, with their activity progressing into the accelera-
tion phase of the throwing motion.9 Repetitive throwing
and pitching in elementary and junior-high schools could
similarly increase the tensile stress at the insertions of in-
ternal rotator muscles; this, therefore, restricts the physio-
logical derotation of the humerus during growth and
increasing humeral retroversion, compared to that of the
nondominant humerus in baseball players.

Several studies have demonstrated that the increased
humeral retroversion in baseball players is an adaptation to
prevent throwing-related injuries in the shoulder
joint.6,15,19,23 Increased humeral retroversion in throwing
athletes is thought to increase external rotation and
decrease internal rotation of the shoulder joint due to the
shift of the rotational arc.6,15,24 Increased external rotation
is thought to produce greater ball speed and, thus, allows
athletes to play at a higher competitive level.30 Further-
more, increased humeral retroversion in the throwing arm
allows pitchers to achieve maximum external rotation with
less twisting and traction on the anterior capsules, long
head of the biceps, and rotator cuff tendons.23

In contrast, some previous studies reported that college17

and professional baseball pitchers with a history of elbow
injuries, such as ulnar collateral ligament injury,
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demonstrated a greater side-to-side difference in humeral
retroversion.19 In addition, Ito et al11 has reported that
high school baseball players with severely increased
humeral retroversion following an incidence of Little
Leaguer’s shoulder demonstrated a high rate of shoulder or
elbow injury. The mean side-to-side difference in humeral
retroversion in players with shoulder or elbow injuries
ranged from 20.0�-23.2� in previous studies.11,17,19 In this
study, however, no correlation was observed between
humeral retroversion and the prevalence of pain during
the medical checkup or self-reported history of injuries
in the dominant shoulder or elbow. In this cohort, the
mean side-to-side difference in humeral retroversion
was 9.8�, which was consistent with the values of asymp-
tomatic high school baseball players or those with
no throwing injuries in previous studies (range,
8.3-13.4).11,15,22 These results suggest that increased hu-
meral retroversion of the dominant shoulder due to repeti-
tive throwing motion during elementary and junior-high
schools is an adaptive change, rather than a pathologic
change. However, excessive humeral retroversion, which
may occur after throwing-related pathologies, such as Little
Leaguer’s shoulder, may increase the risk of throwing in-
juries in baseball players.

This study has some limitations. First, we did not
investigate the pitching volume and characteristics (pitch
counts, innings pitched, velocity, and competitive level)
during elementary and junior-high schools, with potential
effects on the humeral retroversion. However, it is known
that pitchers throw more frequently than fielders.3 There-
fore, we believe that the increased frequency of throwing
contributed to the differences between players who were
pitchers in elementary and junior-high schools and those
who were not. Second, we did not investigate the effects of
baseball positions played during high-school. However,
Oyama et al21 reported that the humeral retroversion did
not change over a year in a cohort of 138 high-school
baseball players. Furthermore, we included only baseball
players in the first year of high school to minimize the
effects of position played in high school. Thus, we believe
the position played in high school does not affect the results
of our study. Third, we used self-reported data in the
analysis of the correlation between humeral retroversion
and history of shoulder or elbow injuries; therefore, there is
a possibility of recall bias, although we asked all partici-
pants to complete the questionnaires with the cooperation
of their family. Fourth, throwing injuries due to increased
humeral torsion might be observed later in the playing
career. Therefore, further longitudinal study is needed to
investigate the correlation between the humeral torsion and
shoulder and elbow injuries in baseball players. Fifth, likely
errors could have been overlooked due to differences in
muscle mass between sides because the inclinometer was
aligned with the forearm.

To our knowledge, this is the first study to demonstrate
that baseball positions played in elementary and junior-
high schools affect the humeral retroversion. In the future,
longitudinal analysis of humeral retroversion that in-
corporates more precise measures of participation volume,
pitch counts, and innings pitched during elementary and
junior-high schools will provide further knowledge
regarding changes in the humeral retroversion in baseball
players.
Conclusions
High-school baseball players who were pitchers in both
elementary school and junior-high school had greater
humeral retroversion in the dominant side than those
who were fielders during both periods. Humeral retro-
version in the dominant shoulder was positively corre-
lated with the length of career as a pitcher during
elementary school and junior-high school. These results
suggest that playing baseball as a pitcher during
elementary school and junior-high school affects the
increase in humeral retroversion in the dominant
shoulder. Moreover, the increased humeral retroversion
in the dominant shoulder was not correlated with
shoulder and elbow pain in this study. This result sug-
gests that the increased humeral retroversion in the
dominant shoulder by repetitive throwing motion during
elementary and junior-high schools is an adaptive
change, rather than a pathologic change.
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