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Background: Throwing-related shoulder and elbow pain continues to be reported among adolescent baseball players. Few
prospective studies have specifically examined the association between throwing-related shoulder and elbow pain and physical
and developmental changes.

Purpose: To evaluate the changes in physical and developmental characteristics during 1 year with respect to throwing-related
shoulder and elbow pain in adolescent baseball players.

Study Design: Case-control study; Level of evidence, 3.

Methods: This 1-year prospective follow-up study investigated 164 baseball players aged 7 to 13 years. Player data (age, height,
weight, field position, and pitch count), lower extremity muscle tightness, and range of motion (ROM) of the shoulder, elbow, and
hip joints were assessed during the 2016 and 2017 preseason medical examinations. After the 2016 season, the participants
completed questionnaires related to throwing-related shoulder and elbow pain, defined as an inability to play for�1 week because
of elbow or shoulder difficulties. For study participants with and without throwing-related shoulder or elbow pain during the 2016
season, we conducted univariate and multivariate logistic regression analysis to identify risk factors for throwing-related shoulder
or elbow pain.

Results: Overall, 21 players (12.8%) reported a shoulder pain episode, 56 players (34.1%) had an elbow pain episode, and
70 players (42.7%) reported having experienced shoulder and/or elbow pain during the 2016 season. In multivariate logistic
regression analysis, (1) shoulder pain was associated with 2016 preseason height (odds ratio [OR], 1.06; 95% CI, 1.01-1.11;
P ¼ .01) and change in dominant-side elbow extension ROM from 2016 to 2017 (OR, 1.12; 95% CI, 1.02-1.24; P ¼ .02); (2)
elbow pain was associated with change in weight from 2016 to 2017 (OR, 1.21; 95% CI, 1.04-1.41; P ¼ .014); and (3) throwing-
related shoulder and/or elbow pain was associated with greater 2016 preseason height (OR, 1.04; 95% CI, 1.003-1.68; P¼ .03) and
an increase in height from 2016 to 2017 (OR, 1.17; 95% CI, 1.01-1.35; P ¼ .03).

Conclusion: Our results indicated that adolescent baseball players who were taller in the preseason and those with an increase in
height over the 1-year study period faced significant risks for developing throwing-related shoulder and/or elbow pain.
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Throwing-related shoulder and elbow pain continue to
occur among adolescent and skeletally immature baseball
players.3,8,9,14,16-19,22,29-33 A study by Bone and Joint

Decade Japan, the Committee for the Prevention and Edu-
cation of Sports Injuries During the Growth Period, and the
Japanese Orthopaedic Association included a nationwide
survey of elementary school baseball players to assess prac-
tice conditions and prevalence of shoulder and elbow
pain.30 Results indicated that among 7894 adolescent base-
ball players with no shoulder or elbow pain, 17.4% had
newly experienced shoulder or elbow pain after 1 year.
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Various factors have been reported as influencing
throwing-related shoulder and elbow pain.† Previous pro-
spective studies in adolescent baseball players have shown
that risk factors for elbow pain were older age, increased
weight, decreased height, weight lifting during the season,
baseball playing outside the league, being a pitcher or
catcher, decreased satisfaction with playing ability, arm
fatigue during the game pitched, increased pitches during
the season, and longer training hours per week.9,17 Fur-
thermore, an earlier cross-sectional study of 122 adolescent
baseball players demonstrated that limitations to hip flex-
ion and internal rotation (IR) at 90� of hip flexion were risk
factors for elbow injury.22

One musculoskeletal characteristic of immature athletes
is growth.7 An increase in height engenders increased bone
length but not the concomitant growth of soft tissues
around the bone. Muscle-tendon imbalances around the
shoulder and elbow joint attributable to bone growth can
occur in adolescent baseball players. Assessing the associ-
ation between developmental factors and throwing-related
shoulder and elbow pain in adolescent baseball players is
particularly important. Producing training programs suit-
able for individuals’ growth may prevent difficulties among
adolescent baseball players.

The aim of this prospective study was to evaluate the
changes in physical and developmental characteristics dur-
ing 1 year with respect to throwing-related shoulder and
elbow pain in adolescent baseball players. We hypothesized
that taller or heavier players and those with rapid growth
and hip range of motion (ROM) loss will be at increased risk
for shoulder and elbow pain.

METHODS

This prospective study examined 164 male baseball players
who were members of regional youth baseball teams during
the 2016 season. All players participated in preseason med-
ical examinations held in February 2016 and February
2017. We assessed the association between shoulder and/
or elbow pain in the 2016 season and the amount of change
in physical and ROM characteristics during 1 year (Febru-
ary 2016 to February 2017).

The inclusion criteria of the study were preseason par-
ticipation, but there were no restrictions on throwing activ-
ity. Players were excluded from the study if they had prior
injury or surgery to the pitching arm. We defined “shoulder
and elbow symptoms” as any condition caused directly by
throwing that resulted in a loss of participation for at least
1 week of baseball. All participants and their parents gave

informed consent to participation in this study, which was
approved by an institutional review board.

Participant Characteristics

Player height and weight were measured during the 2016
and 2017 preseason medical examinations. Height was
measured using a digital height meter (A&D Corp). A mul-
tifrequency segmental body composition analyzer
(MC780U; Tanita Corp) was used to measure body weight.
After the 2016 season, participants completed a self-
administered questionnaire including items related to age,
position, hand dominance, years of playing baseball, hours
of practice per day, number of days practiced per week, and
present and prior experiences of shoulder or elbow pain.

Preseason Medical Examinations

The 2016 and 2017 physical examinations were per-
formed by 2 orthopedic surgeons (H.S. and T.I.) with
>15 years of experience. Participants were guided not
to pitch within at the least 24 hours before the examina-
tion.13 All ROM testing was measured and recorded as a
single value after each joint ROM was moved through its
full range a few times to provide opportunity for the joint
structure to loosen and relax. Physical examinations
were conducted with respect to ROM of the shoulder,
elbow, and hip on both the dominant and nondominant
sides. For each player, we calculated the difference
between the nondominant and dominant sides in elbow
ROM (extension and flexion) as well as the dominant/
nondominant ratio for shoulder ROM, hip ROM, and
straight-leg raise (SLR) angle. Figure 1 demonstrates our
assessment techniques for each extremity.

Shoulder ROM

The participants lay supine on an examination table during
measurement of passive shoulder ROM at 90� abducted
external and internal rotation (ABER and ABIR, respec-
tively). One examiner stabilized the scapula and moved the
forearm to the end range, and the second examiner
measured the ROM using a digital goniometer (iGaging)
(Figure 1, A and B). This procedure has been used in earlier
studies.21,27,28

In a prior study,31 we evaluated the intratester reliabil-
ity of passive shoulder ABER and ABIR measurements in
10 healthy men who were measured and remeasured 5 days
later by the same examiner; the intraclass correlation coef-
ficient (ICC) was found to be 0.84 for shoulder ABER and
0.88 for shoulder ABIR.†References 3, 8, 9, 11, 16-19, 22, 24, 31-33.
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Shoulder Horizontal Flexion

In the follow-through phase of a pitch, horizontal flexion is
necessary to minimize stress on the posterior shoulder soft
tissue. The horizontal flexion (HF) test was employed to
evaluate posterior shoulder tightness. Players were posi-
tioned supine on an examination table with the humerus
abducted to 90� and elbow flexed to 90�, and stabilization
was achieved at the scapula behind the chest wall. The
player was then instructed to move the arm passively into
HF (Figure 1C).

Elbow ROM

Elbow ROM was measured with the participant in a seated
position. The shoulder was elevated 90� with the elbow in
full extension and flexion and the wrist in full supination.
The fulcrum of the goniometer was positioned over the lat-
eral epicondyle of the humerus, with 1 arm of the device
along the length of the humerus to the tip of the acromion
process and the other arm along the length of the radius to
the radial styloid process. In our prior study,31 10 healthy
men were measured and remeasured for passive ROM of
elbow extension and flexion within 5 days by the same
examiner, and the ICC was found to be 0.97 for elbow exten-
sion and for 0.98 for elbow flexion.

Hip Flexion ROM

Players were positioned supine with both the hip and knee
flexed to 90�. While 1 examiner stabilized the pelvis and
contralateral thigh, the other rotated the hip internally and
externally to its maximal point (H.S. and T.I.). The distal
limb of the digital goniometer was aligned parallel to the

midaxillary axis,15 and maximal passive external rotation
(ER) and IR were recorded for each hip (Figure 1, E and F).
A pilot test was conducted to evaluate the intratester reli-
ability of the hip ROM measurements in this study. Ten
healthy men were measured and remeasured for passive
hip flexion ROM within 5 days by the same examiner, and
the ICC was found to be 0.96 for hip flexion, 0.86 for hip ER,
and 0.98 for hip IR.

Passive SLR

The passive SLR test, used to evaluate changes in ham-
string muscle flexibility, has demonstrated high interob-
server reliability (ICC, 0.94-0.96).10 Each test was
performed with the individual supine, wearing shorts or
underwear. The following bony landmarks were identified
and labeled with a marker: the anterior superior iliac spine;
the greater trochanter and lateral epicondyle of the femur;
and the head of the fibula and the fibular malleolus. One
examiner (T.I.) performed the passive SLR test by keeping
the knee in full extension and the ankle in neutral plantar-
flexion/dorsiflexion (Figure 1G). Full ankle dorsiflexion was
avoided to prevent calf muscle stiffness or pain (gastrocne-
mius and soleus) from confounding the sensation of ham-
string stiffness and pain. The SLR angle was recorded once
using a digital goniometer.

Statistical Analysis

After data collection was completed, participants were
stratified according to those with shoulder or elbow pain
and those without. First, comparative evaluations of the
2016 preseason data between the 2 groups were made using
univariate analysis and multivariate logistic regression

Figure 1. Assessment techniques for (A) shoulder external rotation, (B) shoulder internal rotation, (C) shoulder horizontal flexion, (D)
hip flexion, (E) external rotation at 90� of hip flexion, (F) internal rotation at 90� of hip flexion, and (G) passive straight-leg raise angle.
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analysis to investigate the risk factors related to shoulder
and elbow pain during the 2016 season. Second, we calcu-
lated the amount of change of the evaluated items (height;
weight; ROM of shoulder, elbow, and hip; and SLR angle)
between the February 2016 and February 2017 examina-
tions, and the data between the 2 groups were compared
using univariate analysis and multivariate logistic regres-
sion analysis to elucidate risk factors for shoulder and
elbow pain in the 2016 season. The data are shown as odds
ratios (ORs) and 95% CIs.

Multivariate logistic regression analysis was used to
identify variables independently related to players with
shoulder pain, with elbow pain, and with shoulder and/or
elbow pain. Variables considered for the model were
selected based on results of univariate analyses (P < .1).19

For all analyses, results with P values <.05 were consid-
ered statistically significant.

RESULTS

The mean age of the 164 baseball players was 10.5 ± 1.4
years (range, 7-13 years). There were 23 pitchers, 15 catch-
ers, and 126 fielders.

Shoulder Pain

Of the players, 21 (12.8%) had experienced episodes of
shoulder pain during throwing in the 2016 season. In the
univariate analysis of shoulder pain in the 2016 season and
preseason variables, shoulder pain was associated with
height (without pain: 140.9 ± 10.1 cm; with pain: 147.9 ±
11.0 cm; OR, 1.06; 95% CI, 1.02-1.11; P¼ .007) and shoulder
ABER ratio (OR, 283.0; 95% CI, 1.18-677,796.5; P ¼ .04)
(Appendix Table A1). Multivariate logistic regression anal-
ysis was conducted with the following explanatory vari-
ables: height; shoulder ABER ratio; and difference
between the nondominant and dominant sides for elbow
flexion ROM. It revealed a significant association between
shoulder pain in the 2016 season and preseason height (OR,
1.06; 95% CI, 1.01-1.11; P ¼ .01).

In the univariate analysis of changes from 2016 to 2017,
shoulder pain during the 2016 season was associated with
Ddominant elbow extension (OR, 1.13; 95% CI, 1.03-1.24;
P ¼ .009) and Dnondominant hip ER (OR, 1.04; 95% CI, 1.01-
1.08; P ¼ .02) (Appendix Table A2). The multivariate logis-
tic regression analysis for predictors of shoulder pain used
Dheight, Ddominant elbow extension, Ddominant hip ER, and
Dnondominant hip IR as explanatory variables. Results indi-
cated a significant association between shoulder pain in the
2016 season and 1-year Ddominant elbow extension ROM
(OR, 1.12; 95% CI, 1.02-1.24; P ¼ .02).

Elbow Pain

Of the participants, 56 (34.1%) had experienced episodes
of elbow pain during throwing in the 2016 season. Uni-
variate analysis demonstrated no relation between
elbow pain in the 2016 season and preseason variables
(Appendix Table A3).

Regarding 1-year changes, univariate analysis results
showed that elbow pain in the 2016 season was associated
with Dheight (OR, 1.20; 95% CI, 1.03-1.38; P ¼ .015) and
Dweight (OR, 1.30; 95% CI, 1.10-1.43; P < .001) (Appendix
Table A4). Multivariate logistic regression analysis using
Dheight, Dweight, Ddominant hip IR, and Dnondominant SLR angle
as explanatory variables indicated a significant association
between elbow pain in the 2016 season and Dweight (OR,
1.21; 95% CI, 1.04-1.41; P ¼ .014).

Shoulder and/or Elbow Pain

Of the players, 70 (42.7%) had experienced episodes of
shoulder and/or elbow pain during throwing in the 2016
season. In the univariate analysis related with shoulder
pain and/or elbow pain in the 2016 season and variables
in the 2016 preseason, height (OR, 1.04; 95% CI, 1.01-
1.07; P ¼ .01) and being a pitcher (OR, 2.95; 95% CI,
1.16-7.47; P ¼ .02) were significantly associated with
throwing-related shoulder and/or elbow pain (Appendix
Table A5). Multivariate logistic regression analysis indi-
cated that greater height at preseason (OR, 1.04; 95% CI,
1.003-1.68; P ¼ .03) was significantly associated with
throwing-related shoulder and/or elbow pain.

In the univariate analysis of 1-year changes, an increase
in height (OR, 1.17; 95% CI, 1.01-1.35; P ¼ .02) and a
decrease in elbow extension ROM (OR, 1.08; 95% CI, 1.01-
1.15; P ¼ .03) were significantly associated with throwing-
related shoulder and/or elbow pain (Appendix Table A6),
and multivariate logistic regression analysis showed that
an increase in height (OR, 1.17; 95% CI, 1.01-1.35; P ¼ .03)
was significantly associated with throwing-related shoul-
der and/or elbow pain during the 2016 season.

DISCUSSION

Our results showed that shoulder pain during the 2016
season was associated with greater preseason height (OR,
1.06; 95% CI, 1.01-1.11; P ¼ .01). Our data also demon-
strated that throwing shoulder and/or elbow pain was asso-
ciated with greater preseason height (OR, 1.04; 95% CI,
1.003-1.68; P ¼ .03) and an increase in height from 2016
to 2017 (OR, 1.17; 95% CI, 1.01-1.35; P ¼ .03).

Few studies have investigated risk factors for shoulder
and elbow pain in adolescent baseball players. Lyman
et al17 conducted a longitudinal study and demonstrated
that shoulder pain was associated with increased game
pitches, decreased cumulative pitch count, arm fatigue, and
decreased self-perceived performance in 298 young base-
ball pitchers. Matsuura et al18 conducted a 1-year prospec-
tive study that found history of shoulder or elbow pain,
playing pitcher, playing catcher, and increasing training
as factors affecting shoulder pain in 900 young baseball
pitchers. However, that study found no association between
height and shoulder pain occurrence. We believe that taller
baseball players are likely to have longer arms, which are
likely to weigh more than shorter arms, with motion main-
tained by shoulder joints during pitching. Taller baseball
players exert more torque through the arm in throwing
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motion and increased pitching velocity as a sequel to a lon-
ger lever arm.1,4 Our findings implicate height as a physical
characteristic related to shoulder and elbow health condi-
tions in young baseball players.

Earlier studies demonstrated a relation between devel-
opmental factors and throwing-related shoulder or elbow
pain in youth baseball pitchers.8,33 Yukutake et al33 retro-
spectively investigated risk factors for elbow pain during
the prior year for 392 Little League baseball players aged 6
to 12 years, with emphasis on developmental factors. They
reported greater height (OR, 1.10; 95% CI, 1.03-1.17) and
increased height of >6.3 cm per year (OR, 1.16; 95% CI,
1.00-1.34) as risk factors related to throwing elbow pain
after adjustment for demographic, developmental, and
other baseball-related factors. Greenberg et al8 examined
the association between physical characteristics related to
growth and shoulder performance, baseball exposure, and
throwing-related shoulder and elbow pain in 84 young
baseball players in a case-control study. Their results
revealed player height as the most predictive of throwing-
related arm pain, with a 1-inch (2.54-cm) increase in height
resulting in a 77% increased risk of pain (OR, 1.77; 95% CI,
1.17-2.66). In our study, the mean amount of increased
height of the participants with throwing-related shoulder
or elbow pain was 6.4 cm per year, which is similar to data
reported by Yukutake et al. Gill and Micheli7 reported that
bone growth engenders muscle-tendon imbalance around
the shoulder and elbow joints, caused by increased muscle
tension with the decreased flexibility in skeletally imma-
ture athletes. These findings between musculoskeletal
growth and shoulder and elbow pain in baseball players are
important in order to educate parents and coaches. This
awareness may prevent throwing-related pain.

In our study, shoulder pain during the 2016 season was
associated with the 1-year change in dominant-side elbow
extension ROM (OR, 1.12; 95% CI, 1.02-1.24; P ¼ .02). An
improvement in dominant-side elbow extension appeared
to have a protective effect on the rest of the shoulder, result-
ing in better condition of the elbow joint in young baseball
players. We also noted that in univariate analysis, the 1-
year change in hip ER of the nondominant side was signif-
icantly larger in players with versus without shoulder pain
(OR, 1.04; 95% CI, 1.01-1.08; P ¼ .02)

Excess hip ER of the lead leg (nondominant side) during
arm acceleration through ball release may cause early pel-
vic rotation, attenuating force production and transfer, as
well as decreasing the ability of the lower extremities to
absorb the forces in the kinematic chain of throwing
motion. The inability of the lower extremities to absorb
force will cause the rotator cuff to contract eccentrically to
absorb those forces in order to decelerate the arm, which
may cause stress at the glenohumeral joint.2,5,25,26 Con-
trary to our hypothesis, this result implies that excess hip
ER on the lead leg may be related to throwing shoulder pain
in adolescent baseball players. Further research is needed
to elucidate the relationship between throwing-related pain
and anthropometric conditions of the nondominant side in
adolescent baseball players.

Another distinguishing characteristic of our results is
that elbow pain in the 2016 season was associated with

increased weight. Lyman et al17 demonstrated increased
weight as a risk factor for elbow pain among skeletally
immature baseball players. Heavier baseball players are
likely to have heavier arms, resulting in more weight being
maintained by the elbow joint during pitching motion.17

This might generate a greater moment of inertia, resulting
in higher torque on the elbow joint. None of the preseason
variables for 2016 were associated with elbow pain (Appen-
dix Table A3); however, in univariate analysis, the changes
in height and weight during 1 year were related to elbow
pain (Appendix Table A4). This suggests that rapid growth
during a season is an important risk factor for elbow pain.

In the univariate analysis, we found that the hip flexion
ratio (dominant/nondominant side) of the 2016 preseason
tended to be related with elbow pain in the 2016 season, but
the tendency was not significant. Saito et al22 demonstrated
the hip flexion ROM of the bilateral side in the elbow pain
group to be significantly smaller than those in the no elbow
pain group in 122 adolescent baseball players. Throwing
motions are accomplished through activation of a kinetic
chain involving individual body parts such as the leg, pel-
vis, trunk, and arm—all coordinated in their movements by
muscle activity and body positions to generate, combine,
and transfer force through the body into the arm.12,13 In
the pitching motion, proper plant-leg positioning when the
foot is planted (a closed-shoulder position) allows for inte-
gral rotation of the hips, pelvis, and trunk, thereby provid-
ing increased speed and power in both hips after flexion
through the kinetic chain.5,6 Achieving this position during
the cocking phase of the throwing motion requires suffi-
cient hip ROM to allow IR of the trailing leg. Restrictions
of hip ROM inhibit proper trunk rotation.34 As hypothe-
sized, hip flexion loss was associated with elbow pain,
although this was not significant. This finding may be used
to encourage coaches to check the hip flexion ROM of
players to prevent elbow pain. Additional studies should
be conducted to elucidate the association between the
throwing-related pain and the conditioning of the core mus-
culature and lower extremities in adolescent baseball
players.

In this study, 1-year elbow extension ROM deficits in the
participants with throwing-related pain were significantly
larger than those in participants without throwing-related
pain. Sakata et al23 performed a prospective investigation
of physical risk factors for a medial elbow injury within
junior baseball players (aged 6-12 years). In their results,
a side-to-side elbow extension deficit of �5� was signifi-
cantly associated with medial elbow injury. These findings
suggest that early identification of elbow extension deficits
may prevent throwing-related pain and injury. It may be
important for coaches and parents to check for early signs
of throwing-related injury in order to intervene before the
onset of pain.

Our study presents several limitations. First, we defined
“shoulder and elbow symptoms” as a condition caused
directly by throwing that caused participation loss for at
least 1 week during 1 year. However, we could not objec-
tively confirm the exact pathology of throwing-related pain
and evaluate the duration and severity of shoulder and
elbow pain. Second, the cumulative pitch count and hours
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of training and position, which have been reported as risk
factors for shoulder and elbow pain in earlier studies, were
not associated with the throwing-related pain.3,8,9,14,16-19

These data were influenced by each participant’s recall
bias. Third, we did not analyze several risk factors of elbow
injury that have been described in earlier reports of the
relevant literature, including pitching mechanics, pitches
per game or day, innings pitched per season, games per
year, pitch type, and pitch velocity. Fourth, we could not
evaluate the effect of shoulder pain on the elbow joint in
pitching from the viewpoint of the kinetic chain. The scap-
ula, which makes up the shoulder joint, is key in facilitating
this energy transfer distally to the hand.12 Scapular dys-
function that may cause the shoulder pain prohibits opti-
mal energy transfer and may influence the elbow joint
condition during the throwing motion.12,20 Future research
is needed to further identify the association of shoulder
pain and elbow pain with failure of any links in the kinetic
chain in young baseball players.

CONCLUSION

Our results indicate that adolescent baseball players who
are taller in the preseason and those with an increase in
height over 1 year face significant risks for developing
throwing-related shoulder or elbow pain. Our findings sug-
gest that a preseason or in-season medical checkup of hip
and elbow ROM may be an important strategy to prevent
and discover earlier throwing-related shoulder and elbow
pain and injuries for adolescent baseball players. We recom-
mend that coaches and parents monitor closely the
throwing-related pain in taller and heavier baseball players
and that they check the height and weight development,
reduce throwing volumes, and devote due attention to the
establishment of training programs for players with rapid
growth to prevent throwing-related injuries.
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APPENDIX

TABLE A1
Preseason and In-Season Variables for Players With Shoulder Paina

Variable Without Shoulder Pain (n ¼ 143) With Shoulder Pain (n ¼ 21) Odds Ratio (95% CI)b P

Age, y 10.5 ± 1.4 10.8 ± 1.5 1.15 (0.83-1.58) .4
Height, cm 140.9 ± 10.1 147.9 ± 11.0 1.06 (1.02-1.11) .007
Weight, kg 35.5 ± 9.6 39.1 ± 10.5 1.03 (0.99-1.08) .14
Position, n

Fielder 111 15 1
Catcher 14 1 0.53 (0.06-4.31) .55
Pitcher 18 5 2.06 (0.67-6.34) .21

Training, d/wk 2.0 ± 1.5 2.1 ± 1.6 1.02 (0.75-1.39) .89
Hours of training

Per weekday 1.8 ± 1.1 1.5 ± 0.9 0.78 (0.50-1.23) .3
Per weekend 13.4 ± 2.7 12.8 ± 2.7 0.92 (0.78-1.09) .33
Total 17.8 ± 4.7 17.0 ± 4.0 0.96 (0.86-1.07) .45

Pitch count/wk, n
0 70 12 1
0-50 45 6 0.81 (0.28-2.30) .69
50-100 20 3 0.63 (0.17-2.42) .5

Elbow extension, deg
Dominant 7.2 ± 5.6 6.7 ± 5.9 0.98 (0.90-1.07) .68
Nondominant 7.9 ± 5.6 7.4 ± 5.3 0.98 (0.90-1.07) .71
Ddominant-nondominant 0.6 ± 3.4 0.7 ± 4.5 1.0005 (0.88-1.14) .94

Elbow flexion, deg
Dominant 140.0 ± 4.6 139.0 ± 5.1 0.95 (0.86-1.06) .36
Nondominant 142.6 ± 4.1 143.7 ± 5.2 1.06 (0.95-1.19) .27
Ddominant-nondominant 2.6 ± 4.9 4.7 ± 5.0 1.08 (0.99-1.19) .09

Shoulder ABER, deg
Dominant 115.7 ± 9.3 115.2 ± 10.1 0.99 (0.95-1.05) .83
Nondominant 110.8 ± 9.0 106.1 ± 8.8 0.94 (0.89-0.99) .02
ABER ratio 1.04 ± 0.09 1.09 ± 0.09 283.0 (1.18-67,796.5) .04

Shoulder ABIR, deg
Dominant 43.7 ± 11.9 41.5 ± 11.6 0.98 (0.94-1.02) .42
Nondominant 52.1 ± 12.9 52.8 ± 12.0 1.004 (0.97-1.04) .82
ABIR ratio 0.88 ± 0.3 0.80 ± 0.2 0.34 (0.05-2.23) .26

Shoulder HF, deg
Dominant 18.9 ± 12.2 19.3 ± 12.6 1.003 (0.97-1.04) .9
Nondominant 26.8 ± 19.3 30.1 ± 21.0 1.009 (0.99-1.03) .47
HF ratio 0.8 ± 0.7 0.6 ± 0.5 0.61 (0.27-1.37) .23

Hip flexion, deg
Dominant 124.3 ± 11.9 125.4 ± 9.2 1.009 (0.97-1.05) .69
Nondominant 124.8 ± 9.2 125.2 ± 9.3 1.005 (0.96-1.06) .85
Hip flexion ratio 0.9 ± 0.1 1.0 ± 0.0 1.61 (0.01-323.4) .86

Hip ER, deg
Dominant 55.4 ± 11.6 52.5 ± 10.5 0.98 (0.94-1.02) .28
Nondominant 52.4 ± 9.8 50.3 ± 10.3 0.98 (0.93-1.03) .36
Hip ER ratio 1.08 ± 0.26 1.08 ± 0.27 0.91 (0.15-5.53) .92

Hip IR, deg
Dominant 49.2 ± 9.7 51.1 ± 10.3 1.02 (0.97-1.07) .41
Nondominant 50.4 ± 10.5 49.9 ± 14.1 0.99 (0.96-1.04) .85
Hip IR ratio 1.04 ± 0.23 1.07 ± 0.21 3.3 (0.46-23.7) .23

SLR angle, deg
Dominant 71.1 ± 8.7 71.3 ± 10.7 1.002 (0.95-1.05) .93
Nondominant 72.2 ± 9.2 72.9 ± 12.0 1.01 (0.96-1.06) .76
SLR ratio 0.99 ± 0.10 0.99 ± 0.13 0.82 (0.01-51.1) .93

aData are reported as mean ± SD unless otherwise indicated. Bolded P values indicate statistically significant between-group difference
(P < .05). ABER, abducted external rotation; ABIR, abducted internal rotation; ER, external rotation; HF, horizontal flexion; IR, internal
rotation; SLR, straight-leg raise.

bOdds ratios were calculated using univariate analysis. A 1-unit change in the explanatory variable increases the odds of having shoulder
pain by a factor of the odds ratio.
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TABLE A2
Change in Variables for Shoulder Pain From 2016 to 2017a

Amount of Change Without Shoulder Pain (n ¼ 143) With Shoulder Pain (n ¼ 21) Odds Ratio (95% CI)b P

Dheight, cm 5.8 ± 2.3 6.7 ± 2.6 1.18 (0.97-1.42) .09
Dweight, kg 4.1 ± 2.5 3.8 ± 3.9 0.97 (0.81-1.15) .69
Elbow extension, deg
Ddominant –0.9 ± 4.5 2.2 ± 6.2 1.13 (1.03-1.24) .009
Dnondominant –1.3 ± 5.0 0.5 ± 3.5 1.08 (0.98-1.19) .11

Elbow flexion, deg
Ddominant 0.0 ± 6.2 –0.2 ± 7.1 0.99 (0.93-1.07) .91
Dnondominant –1.5 ± 5.3 –1.5 ± 7.0 1.0009 (0.92-1.08) .98

Shoulder ABER
Ddominant –2.8 ± 11.2 –0.9 ± 12.5 1.02 (0.97-1.06) .47
Dnondominant –3.3 ± 11.2 –3.6 ± 10.0 0.99 (0.96-1.04) .9

Shoulder ABIR
Ddominant –0.8 ± 15.4 2.3 ± 14.4 1.01 (0.98-1.04) .37
Dnondominant –4.0 ± 17.0 –6.6 ± 14.6 0.99 (0.96-1.02) .58

Shoulder HF, deg
Ddominant –8.5 ± 14.8 –10.8 ± 18.6 0.99 (0.96-1.02) .52
Dnondominant –9.6 ± 20.7 –11.2 ± 22.9 0.99 (0.97-1.02) .74

Hip flexion, deg
Ddominant –0.9 ± 14.5 –3.4 ± 10.2 0.99 (0.95-1.02) .45
Dnondominant –2.0 ± 12.1 –1.4 ± 7.1 1.01 (0.97-1.05) .8

Hip ER, deg
Ddominant –2.8 ± 13.1 2.3 ± 11.9 1.03 (0.99-1.08) .09
Dnondominant –1.6 ± 12.8 5.4 ± 14.2 1.04 (1.01-1.08) .02

Hip IR, deg
Ddominant –1.2 ± 9.2 –0.4 ± 8.6 1.01 (0.96-1.06) .72
Dnondominant –2.8 ± 10.8 –0.7 ± 9.0 1.02 (0.98-1.28) .26

SLR, deg
Ddominant –2.5 ± 9.8 0.1 ± 9.7 1.03 (0.98-1.08) .26
Dnondominant –3.9 ± 10.1 –1.5 ± 11.5 1.02 (0.98-1.07) .33

aData are reported as mean ± SD unless otherwise indicated. Bolded P values indicate statistically significant between-group difference
(P < .05). ABER, abducted external rotation; ABIR, abducted internal rotation; ER, external rotation; HF, horizontal flexion; IR, internal
rotation; SLR, straight-leg raise.

bOdds ratios were calculated using univariate analysis. A 1-unit change in the explanatory variable increases the odds of having shoulder
pain by a factor of the odds ratio.
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TABLE A3
Preseason and In-Season Variables for Players With and Without Elbow Paina

Variable Without Elbow Pain (n ¼ 108) With Elbow Pain (n ¼ 56) Odds Ratio (95% CI)b P

Age, y 10.4 ± 1.5 10.7 ± 1.3 1.13 (0.90-1.42) .3
Height, cm 141.1 ± 11.6 142.9 ± 7.5 1.02 (0.99-1.05) .3
Weight, kg 35.6 ± 10.6 36.6 ± 8.0 1.01 (0.98-1.05) .53
Position, n

Fielder 87 39 1
Catcher 9 6 1.49 (0.50-4.77) .5
Pitcher 12 111 2.04 (0.83-5.04) .12

Training, d/wk 2.0 ± 1.5 2.1 ± 1.6 1.06 (0.85-1.32) .58
Hours of training

Per weekday 1.8 ± 1.0 1.7 ± 1.2 0.94 (0.69-1.27) .67
Per weekend 13.4 ± 2.6 13.2 ± 3.1 0.98 (0.87-1.10) .71
Total 17.6 ± 4.2 17.9 ± 5.3 1.01 (0.95-1.09) .7

Pitch count/wk, n
0 70 12 1
0-50 45 6 0.81 (0.28-2.30) .69
50-100 10 13 0.63 (0.17-2.42) .5

Elbow extension, deg
Dominant 7.5 ± 5.7 6.5 ± 5.4 0.97 (0.91-1.03) .29
Nondominant 7.9 ± 5.6 7.6 ± 5.4 0.99 (0.93-1.05) .76
Ddominant-nondominant 0.4 ± 3.6 1.1 ± 3.6 1.06 (0.96-1.16) .24

Elbow flexion, deg
Dominant 139.9 ± 4.5 139.9 ± 4.8 0.99 (0.93-1.07) .99
Nondominant 142.3 ± 4.1 143.3 ± 4.6 1.04 (0.75-1.13) .27
Ddominant-nondominant 2.6 ± 5.4 3.4 ± 4.6 1.03 (0.97-1.10) .36

Shoulder ABER, deg
Dominant 115.3 ± 9.4 116.2 ± 9.4 1.01 (0.98-1.05) .56
Nondominant 111.1 ± 8.0 110.4 ± 11.0 1.004 (0.97-1.04) .81
ABER ratio 1.05 ± 0.09 1.06 ± 0.09 2.64 (0.06-110.2) .61

Shoulder ABIR, deg
Dominant 44.0 ± 12.3 42.4 ± 10.9 0.99 (0.96-1.02) .4
Nondominant 52.1 ± 12.9 52.2 ± 12.7 1.001 (0.98-1.03) .97
ABIR ratio 0.89 ± 0.3 0.85 ± 0.3 0.63 (0.20-1.97) .43

Shoulder HF, deg
Dominant 18.4 ± 12.5 20.0 ± 11.7 1.01 (0.98-1.04) .44
Nondominant 26.0 ± 19.9 29.4 ± 18.8 1.01 (0.99-1.03) .29
HF ratio 0.78 ± 0.68 0.77 ± 0.51 0.96 (0.57-1.61) .87

Hip flexion, deg
Dominant 124.9 ± 11.0 123.8 ± 12.0 0.99 (0.97-1.02) .59
Nondominant 123.9 ± 9.6 126.7 ± 8.2 1.03 (0.99-1.07) .07
Hip flexion ratio 1.01 ± 0.08 0.98 ± 0.09 0.02 (0.0003-1.01) .051

Hip ER, deg
Dominant 55.0 ± 11.3 54.9 ± 11.9 0.99 (0.97-1.03) .93
Nondominant 52.1 ± 10.0 52.3 ± 9.7 1.002 (0.97-1.04) .89

Hip ER ratio 1.08 ± 0.25 1.08 ± 0.28 0.99 (0.28-3.50) .99
Hip IR, deg

Dominant 49.8 ± 10.8 48.8 ± 7.5 0.99 (0.96-1.02) .52
Nondominant 50.8 ± 11.1 49.4 ± 10.7 0.99 (0.96-1.02) .44
Hip IR ratio 1.01 ± 0.23 1.02 ± 0.22 1.36 (0.32-5.72) .67

SLR angle, deg
Dominant 70.8 ± 8.7 71.7 ± 9.5 1.01 (0.98-1.05) .54
Nondominant 71.4 ± 9.7 74.0 ± 9.0 1.03 (0.99-1.06) .17
SLR ratio 1.00 ± 0.11 0.97 ± 0.11 0.13 (0.006-2.49) .17

aData are reported as mean ± SD unless otherwise indicated. ABER, abducted external rotation; ABIR, abducted internal rotation;
ER, external rotation; HF, horizontal flexion; IR, internal rotation; SLR, straight-leg raise.

bOdds ratios were calculated using univariate analysis. A 1-unit change in the explanatory variable increases the odds of having shoulder
pain by a factor of the odds ratio.
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TABLE A4
Change in Variables for Elbow Pain From 2016 to 2017a

Amount of Change Without Elbow Pain (n ¼ 108) With Elbow Pain (n ¼ 56) Odds Ratio (95% CI)b P

Dheight, cm 5.6 ± 2.2 6.5 ± 5.5 1.2 (1.03-1.38) .015
Dweight, kg 3.5 ± 2.3 5.1 ± 3.1 1.30 (1.10-1.43) < .001
Elbow extension, deg
Ddominant 0.2 ± 5.7 –0.8 ± 4.4 1.04 (0.97-1.11) .24
Dnondominant –1.3 ± 4.8 –1.4 ± 5.7 0.98 (0.92-1.05) .57

Elbow flexion, deg
Ddominant 0.1 ± 6.6 –0.3 ± 5.4 0.99 (0.94-1.04) .73
Dnondominant –1.3 ± 5.3 –2.0 ± 5.9 0.98 (0.92-1.04) .41

Shoulder ABER
Ddominant –1.8 ± 10.6 –4.1 ± 12.7 0.98 (0.95-1.01) .21
Dnondominant –3.1 ± 10.8 –3.8 ± 11.4 0.99 (0.97-1.02) .69

Shoulder ABIR
Ddominant –0.1± 16.2 –1.0 ± 13.2 0.99 (0.97-1.02) .71
Dnondominant –3.9 ± 17.6 –6.4 ± 14.8 0.99 (0.97-1.01) .37

Shoulder HF, deg
Ddominant –8.5 ± 14.7 –9.3 ± 16.0 0.99 (0.97-1.02) .75
Dnondominant –9.1 ± 21.5 –11.2 ± 19.8 0.99 (0.98-1.01) .54

Hip flexion, deg
Ddominant –1.7 ± 14.0 –0.4 ± 14.1 1.01 (0.98-1.03) .56
Dnondominant –1.0 ± 12.9 –3.8 ± 8.3 0.97 (0.95-1.01) .15

Hip ER, deg
Ddominant –1.7 ± 13.3 –2.9 ± 12.5 0.99 (0.97-1.02) .57
Dnondominant –0.4 ± 13.5 –1.3 ± 12.4 0.99 (0.97-1.02) .7

Hip IR, deg
Ddominant –0.2 ± 9.2 –2.8 ± 8.0 0.97 (0.93-1.003) .08
Dnondominant –2.6 ± 11.0 –2.3 ± 9.8 1.003 (0.97-1.03) .83

SLR angle, deg
Ddominant –1.6 ± 9.9 –3.3 ± 9.6 0.98 (0.95-1.02) .29
Dnondominant –2.6 ± 10.0 –5.5 ± 10.5 0.97 (0.94-1.004) .09

aData are reported as mean ± SD unless otherwise indicated. Bolded P values indicate statistically significant between-group difference
(P < .05). ABER, abducted external rotation; ABER, abducted external rotation; ABIR, abducted internal rotation; ER, external rotation;
HF, horizontal flexion; IR, internal rotation; SLR, straight-leg raise.

bOdds ratios were calculated using univariate analysis. A 1-unit change in the explanatory variable increases the odds of having shoulder
pain by a factor of the odds ratio.
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TABLE A5
Preseason and In-Season Variables for Players With and Without Shoulder and/or Elbow Paina

Variable Without Pain (n ¼ 94) With Pain (n ¼ 70) Odds Ratio (95% CI)b P

Age, y 10.4 ± 1.5 10.7 ± 1.3 1.14 (0.92-1.43) .23
Height, cm 140.0 ± 10.9 144.1± 9.3 1.04 (1.01-1.07) .01
Weight, kg 35.1 ± 10.3 37.1 ± 8.8 1.02 (0.99-1.06) .19
Position, n

Fielder 77 49 1
Catcher 9 6 1.05 (0.35-3.13) .93
Pitcher 8 15 2.95 (1.16-7.47) .02

Training, d/wk 2.0 ± 1.4 2.1 ± 1.6 1.02 (0.83-1.26) .81
Hours of training

Per weekday 1.8 ± 1.0 1.6 ± 1.2 0.86 (0.64-1.15) .31
Per weekend 13.4 ± 2.6 13.2 ± 3.0 0.99 (0.88-1.10) .8
Total 17.6 ± 4.2 17.7 ± 5.1 1.004 (0.94-1.08) .89

Pitch count/wk, n
0 48 34 1
0-50 30 21 1.04 (0.51-2.13) .91
50-100 16 15 1.35 (0.59-3.10) .48

Elbow extension, deg
Dominant 7.5 ± 5.7 6.8 ± 5.7 0.98 (0.93-1.04) .46
Nondominant 7.8 ± 5.79 7.8 ± 5.3 1.002 (0.95-1.06) .94
Ddominant-nondominant 0.3 ± 3.5 1.0 ± 3.6 1.06 (0.97-1.16) .2

Elbow flexion, deg
Dominant 139.9 ± 4.4 139.9 ± 4.8 1 (0.94-1.07) .99
Nondominant 142.4 ± 4.0 143.2 ± 4.6 1.05 (1.13-1.46) .24
Ddominant-nondominant 2.5 ± 5.3 3.3 ± 5.0 1.03 (0.97-1.10) .33

Shoulder ABER, deg
Dominant 115.0 ± 9.4 116.4 ± 9.5 1.02 (0.98-1.05) .37
Nondominant 110.7 ± 7.7 109.7 ± 10.7 0.99 (0.96-1.02) .54
ABER ratio 1.04 ± 0.09 1.07 ± 0.09 23.3 (0.60-904.5) .09

Shoulder ABIR, deg
Dominant 44.1 ± 12.7 42.6 ± 10.8 0.99 (0.96-1.02) .42
Nondominant 51.9 ± 13.1 52.6 ± 12.4 1.004 (0.98-1.03) .73
ABIR ratio 0.89 ± 0.25 0.84 ± 0.25 0.55 (0.18-1.62) .28

Shoulder HF, deg
Dominant 17.8 ± 12.6 20.6 ± 11.2 1.02 (0.99-1.05) .15
Nondominant 26.1 ± 17.3 31.2 ± 18.39 1.02 (0.99-1.03) .07
HF ratio 0.78 ± 0.48 0.77 ± 0.48 0.98 (0.60-1.61) .93

Hip flexion, deg
Dominant 124.5 ± 11.3 124.4 ± 12.0 0.99 (0.97-1.03) .98
Nondominant 123 ± 9.6 126.4 ± 8.49 1.03 (0.99-1.07) .06
Hip flexion ratio 1.01 ± 0.09 0.99 ± 0.09 0.04 (0.001-2.00) .11

Hip ER, deg
Dominant 55.7 ± 11.5 54.0 ± 11.5 0.99 (0.96-1.01) .33
Nondominant 52.3 ± 10.2 51.9 ± 9.6 0.99 (0.96-1.03) .82
Hip ER ratio 1.09 ± 0.25 1.07 ± 0.26 0.7 (0.21-2.37) .57

Hip IR, deg
Dominant 49.7 ± 10.9 49.2 ± 8.1 0.99 (0.96-1.03) .74
Nondominant 50.9 ± 10.9 49. ± 11.2 0.99 (0.96-1.02) .41
Hip IR ratio 1.00 ± 0.23 1.03 ± 0.21 1.7 (0.42-6.79) .45

SLR angle, deg
Dominant 70.8 ± 8.3 71.6 ± 9.8 1.01 (0.98-1.05) .57
Nondominant 71.3 ± 9.2 73.6 ± 9.8 1.03 (0.99-1.06) .13
SLR ratio 1.00 ± 0.12 0.98 ± 0.11 0.16 (0.009-2.70) .2

aData are reported as mean ± SD unless otherwise indicated. Bolded P values indicate statistically significant between-group difference
(P < .05). ABER, abducted external rotation; ABIR, abducted internal rotation; ER, external rotation; HF, horizontal flexion; IR, internal
rotation; SLR, straight-leg raise.

bOdds ratios were calculated using univariate analysis. A 1-unit change in the explanatory variable increases the odds of having shoulder
pain by a factor of the odds ratio.
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TABLE A6
Change in Variables for Shoulder and/or Elbow Pain From 2016 to 2017a

Amount of Change Without Pain (n ¼ 94) With Pain (n ¼ 70) Odds Ratio (95% CI)b P

Dheight, cm 5.5 ± 2.2 6.4 ± 2.4 1.18 (1.01-1.36) .02
Dweight, kg 3.8 ± 2.2 4.4 ± 3.2 1.10 (0.98-1.24) .11
Elbow extension, deg
Ddominant –0.46 ± 4.9 –1.2 ± 4.2 1.08 (1.01-1.15) .03
Dnondominant –1.1 ± 4.8 –1.0 ± 4.5 0.99 (0.93-1.05) .74

Elbow flexion, deg
Ddominant 0.3 ± 6.0 –0.5 ± 5.9 0.98 (0.93-1.03) .40
Dnondominant –1.2 ± 5.2 –1.9 ± 5.9 0.98 (0.92-1.03) .39

Shoulder ABER
Ddominant –1.5 ± 10.6 –4.0 ± 12.3 0.98 (0.95-1.00) .16
Dnondominant –2.7 ± 11.1 –4.2 ± 11.0 0.99 (0.96-1.02) .38

Shoulder ABIR
Ddominant –0.7 ± 16.3 –0.1 ± 13.8 1.002 (0.98-1.02) .82
Dnondominant –3.6 ± 18.0 –6.2 ± 14.6 0.99 (0.98-1.01) .33

Shoulder HF, deg
Ddominant –7.1 ± 14.7 –11.0 ± 15.9 0.98 (0.96-1.00) .11
Dnondominant –8.0 ± 21.4 –12.2 ± 20.2 0.99 (0.98-1.01) .21

Hip flexion, deg
Ddominant –1.2 ± 14.0 –1.2 ± 13.5 1.0001 (0.98-1.02) .99
Dnondominant –1.0 ± 13.5 –3.1 ± 8.1 0.98 (0.96-1.01) .25

Hip ER, deg
Ddominant –2.8 ± 13.3 –1.2 ± 12.6 1.01 (0.99-1.03) .41
Dnondominant –1.4 ± 13.3 0.3 ± 12.9 1.01 (0.99-1.03) .41

Hip IR, deg
Ddominant –0.3 ± 9.5 –2.1 ± 8.0 0.98 (0.94-1.01) .20
Dnondominant –3.2 ± 11.2 –1.5 ± 9.8 1.02 (0.99-1.05) .29

SLR, deg
Ddominant –1.9 ± 9.9 –2.6 ± 9.8 0.99 (0.96-1.02) .64
Dnondominant –2.8 ± 9.9 –4.6 ± 10.9 0.98 (0.95-1.01) .26

aData are reported as mean ± SD unless otherwise indicated. Bolded P values indicate statistical significance (P < .05). ABER, abducted
external rotation; ABIR, abducted internal rotation; HF, horizontal flexion; ER, external rotation; IR, internal rotation; SLR, straight-leg
raise.

bOdds ratios were calculated using univariate analysis. A 1-unit change in the explanatory variable increases the odds of having shoulder
pain by a factor of the odds ratio.
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