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Objectives: We aimed to examine the relationship between the hip range of motion (ROM) and
ankle ROM and throwing-related shoulder and elbow injuries in elementary school baseball pitch-
ers. Methods: This retrospective comparative study (Level of evidence: Level III) included 195
baseball pitchers (mean age 10.8+1.0 years, range 8—12 years). All pitchers underwent physical
function measurements, including height, weight, shoulder strength, and hip and ankle ROM.
Shoulder and elbow injury was defined as shoulder and elbow pain that the pitchers had been
aware of in the past or at the time of medical checkups. The results for the injured and non-
injured groups were then compared. Results: The shoulder ROM and strength in the injured and
non-injured groups did not differ to a statistically significant extent. The hip external rotation on
the dominant side (injured vs. non-injured: 48.9+11.1° vs. 53.3+9.7°, P<0.01), the hip internal rota-
tion on the non-dominant side (injured vs. non-injured: 36.6£12.0° vs. 40.9+11.0°, P=0.01), and
ankle plantar flexion on the non-dominant side (injured vs. non-injured: 52.0+6.8° vs. 54.3+6.7°,
P=0.02) were significantly smaller in the injured group than in the non-injured group. Conclu-
sions: The hip external rotation ROM on the dominant side and the hip internal rotation and ankle
plantar flexion on the non-dominant side were significantly lower in the injured group than in
the non-injured group. These results may suggest measures to reduce the incidence of elbow and

shoulder injuries in elementary school baseball pitchers.
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INTRODUCTION

Although several risk factors for shoulder and elbow in-
juries have been elucidated, shoulder and elbow injuries in
young baseball players remain a major problem.” A previous
study reported that the overall incidence of elbow pain in
elementary school baseball players was 1.5 per 1000 athlete
exposures (AEs), and the overall incidence of shoulder pain
was 0.6 per 1000 AEs.? In the same study, it was also re-
ported that the incidence of elbow pain in elementary school

baseball pitchers was 2.5 per 1000 AEs, and the rate of medial
elbow injuries was 2.2 per 1000 AEs.? Although many stud-
ies have been conducted on the upper limb, few studies have
so far been conducted on the lower limb. For example, previ-
ous studies have reported that glenohumeral internal rotation
deficit, shoulder external rotation insufficiency,” high pitch
velocity,” deficits in preseason supraspinatus, prone external
rotation strength,” and imbalance of muscle strength around
the shoulder® were risk factors for shoulder and elbow inju-
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ries. Furthermore, a recent systematic review regarding re-
search on pitching mechanics in youth baseball players also
focused on the upper extremities.” The absence of research
on the relevance of the lower extremities in throwing-related
upper extremity injuries is problematic because the biome-
chanics of the lower extremities are a fundamental part of
the throwing motion. This is because the tremendous energy
generated by the lower extremities is transferred through the
kinetic chain ultimately to the ball through the trunk, shoul-
der, elbow, and hand.® A young pitcher with poor lower body
mechanics often tries to compensate for such deficiencies,
thereby putting stress on the upper limb and increasing the
risk of injury.”) The number of studies investigating dysfunc-
tion of the trunk and lower extremities as risk factors for
shoulder and elbow injuries is relatively small in comparison
to those investigating the risk factors related to the upper
extremities. Significant associations have been demonstrated
between throwing-related shoulder and elbow injuries and
trunk and lower limb dysfunction,” abnormal foot posture,'?
and hip range of motion (ROM) deficits in elementary school
baseball players.?!1? Furthermore, no study has so far ad-
dressed the relationship between hip and ankle ROM and
shoulder and elbow injuries in elementary school baseball
players, or specifically pitchers. Consequently, the purpose
of this study was to investigate the relationship between hip
and ankle ROM and the incidence of shoulder and elbow
injuries with a focus on elementary school baseball pitchers.

In this study, we evaluated the hypothesis that a restricted
ROM in the hip and ankle of pitchers is related to shoulder
or elbow injuries.

MATERIALS AND METHODS

Participants

A total of 463 elementary and junior high school baseball
players belonging to the Gunma Prefecture Elementary and
Junior High School Baseball Federation who participated
in medical checkups held at Gunma University Hospital in
February 2016 were enrolled. Before enrolment in the study,
all players and their parents provided written informed con-
sent. The study was approved by the Institutional Review
Board of Gunma University Hospital on January 28, 2015
(Identification number 1003 2015—-01-28). All methods were
carried out in accordance with the relevant guidelines and
regulations. Being able to collect a questionnaire to be filled
in at the time of participation in the medical checkups and
the provision of informed consent by both the player and
their parents were among the inclusion criteria. Junior high

school students were excluded from this study because of
the difference in body size between junior high school and
elementary school students. Furthermore, we specifically
targeted pitchers, even among elementary school baseball
players. As a result, players who only played in the field were
excluded (Fig. 1).

Medical Checkups

We asked the players to fill out a questionnaire at the check-
ups; the questionnaire included the player’s age and dominant
arm. All pitchers underwent measurements of their physical
function, such as height, weight, shoulder strength and ROM,
and hip and ankle ROM. To avoid any confirmation bias, the
examiners were blinded to the participants’ hand dominance.
ROM measurements were performed before muscle strength
measurements because muscle tonus can vary with the ef-
fects of reciprocal inhibition due to muscle contraction.

Shoulder and Elbow ROM

The ROMs were measured with the subject in the supine
position. We previously established the intra-rater validity
and reliability of the goniometer and hand-held dynamom-
eters.®!?) Following the methodology of previous studies,®
certified orthopedic surgeons measured the bilateral passive
elbow ROM of flexion and extension, the passive shoulder
ROM of horizontal adduction, and 90°-abducted external
and internal rotation using a digital protractor (iGaging, San
Clemente, CA, USA). When measuring passive horizontal
adduction, the examiner stabilized the axillary border of
the scapula and another certified orthopedic surgeon placed
a digital protractor on the humerus. When measuring the
passive external rotation and internal rotation, the examiner
stabilized the scapula by applying a posterior force to the
coracoid process and another certified orthopedic surgeon
placed a digital protractor on the forearm. Elbow flexion
and extension ROMs were also passively measured with the
participants in a supine position.

Shoulder Strength

A single certified orthopedic surgeon performed strength
measurements in an isometric manner according to a specific
protocol. Muscle strength measurements were performed in
a manner similar to that reported by Byram et al.>) As in pre-
vious studies,>*'¥ certified orthopedic surgeons measured
the internal and external rotation strength in both shoulders
using a PowerTrack II Commander hand-held dynamometer
(J-Tech Medical, Salt Lake City, UT, USA). The intra-rater
validity and reliability of shoulder strength measurements
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All participants (n=463)
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l

Injured (n=94)

Non-injured (n=101)

Fig. 1. Flow chart of the pitchers included in this study.

by hand-held dynamometers were established in a previous
study.® In the present study, the intra- and/or inter-rater
reliability of all measurements of shoulder strength were
established in ten healthy volunteers.®’ The intraclass corre-
lation coefficients (ICCs) of intra-rater measures were in the
acceptable range for external and internal rotation strength
[ICC(12=0.96 and 0.98; 95% confidence interval (CI)
0.83-0.99 and 0.93-0.99, respectively].” Internal and exter-
nal rotation were measured with abduction of the humerus to
90° and 90° of elbow flexion. Next, the examiner stabilized
the humerus, and the arm was set in a neutral position. The
participant was then asked to rotate their arm externally or
internally with maximum power against the dynamometer.
When measuring internal and external rotation, the dyna-
mometer was placed on the volar and dorsal sides of the
forearm respectively, 5 cm proximal to the proximal wrist
flexion crease. Three trials were performed for each muscle
strength measurement, and the median value of the three tri-
als was recorded and used for the analysis.

Hip and Ankle ROM

All hip ROM data were collected by two orthopedic sur-
geons using a digital protractor (iGaging) and utilizing a
reliable and previously validated technique.'>'® With one of
the measurers immobilizing the athlete’s pelvis in the prone
position, the other measurer bent the knee on the measure-
ment side 90° and rotated the hip joint internally and exter-
nally with 0° of flexion. The other leg was kept straight on

the ground. The angles between the perpendicular plane and
the lower leg were defined as internal rotation and external
rotation, respectively. The passive ankle dorsal and plantar
flexion were measured with hip, knee, and ankle joints in
a neutral position of flexion/extension and inversion/ever-
sion in the supine position.!” The participant’s ankle and
foot joints were passively dorsal or plantar flexed by the
examiner. When measuring passive dorsal flexion, a digital
protractor was aligned along the medial border of the tibia
and the medial aspect of the foot. Whereas, when measuring
passive plantar flexion, the digital protractor was aligned
along the medial border of the tibia and the navicular bone.

Statistical Analyses

The baseline characteristics and the results of a univariate
analysis were reported as the means + standard deviations.
In the questionnaire, “shoulder or elbow injury” was defined
as the presence of any shoulder or elbow pain that the subject
had been aware of since starting to play baseball (Appendix
). In accordance with previous studies, shoulder injuries
and elbow injuries were examined together.' The pitchers
were divided into injured and non-injured groups according
to the questionnaire replies. The results were analyzed using
an independent ¢-test for continuous variables to compare
the baseline characteristics between the groups. Thereafter,
to identify the risk factors for shoulder and elbow injuries
and to calculate odds ratios and 95% Cls, a logistic regres-
sion analysis was performed after adjusting for variables
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Table 1. Demographic data for each group

Non-injured (n=101)

Injured (n=94)

Mean SD Mean SD P value
Age (years) 10.6 1.1 10.9 1.3 0.05
Height (cm) 141.7 8.9 146.1 7.5 <0.01*
Weight (kg) 35.0 7.5 38.9 8.1 <0.01*
*Significant differences at P<0.05.
Table 2. Univariate analysis of the upper limb
Non-injured (n= 101) Injured (n=94)
Mean SD Mean SD P value
Shoulder on the dominant side
Shoulder ER strength (kg) 8.1 2.0 8.4 2.1 0.53
Shoulder IR strength (kg) 8.9 2.6 8.8 2.5 0.50
Shoulder ER ROM (°) 114.4 10.1 115.7 10.2 0.35
Shoulder IR ROM (°) 46.1 18.1 427 12.4 0.75
Shoulder HA ROM (°) 106.6 12.7 105.7 13.0 0.60
Elbow on the dominant side
Flexion ROM (°) 140.4 5.2 140.1 5.8 0.30
Extension ROM (°) 6.6 5.1 6.3 4.9 0.66

The shoulder ROM and strength in the injured and non-injured groups did not differ significantly.
ER, external rotation; IR, internal rotation; HA, horizontal adduction.

that were identified as significant in the univariate analyses.
Before performing logistic regression analysis, Pearson cor-
relation coefficients were calculated to avoid multicollinear-
ity. Variables that showed a P value of <0.1 on univariate
analysis were included in the model. All statistical analyses
were performed using the IBM SPSS Statistics software
package (version 26, IBM Japan, Tokyo). P values of <0.05
were considered to indicate statistical significance.

RESULTS

Of the 387 players who visited for checkups, 113 junior
high school students and 165 elementary school fielders were
excluded; the remaining 195 elementary school pitchers were
included in the study. Of the 195 pitchers (mean age 10.8<1.0,
8—12 years) who completed the questionnaire, 94 pitchers
(48%) had either previously experienced or currently had
shoulder or elbow injuries (Fig. 1).

Univariate Analysis

The height and weight of the injured group were signifi-
cantly higher than those of the non-injured group (injured vs.
non-injured: 146.1£7.5 cm vs. 141.7+8.9 cm, P<(0.01, 38.9+8.1
kg vs. 35.0£7.5 kg, P<0.01, respectively) (Table 1). The

shoulder ROM and strength in the injured and non-injured
groups did not differ to a statistically significant extent (Table
2). The hip external rotation on the dominant side (injured
vs. non-injured: 48.9+11.1° vs. 53.3+£9.7°, P<0.01), the hip
internal rotation on the non-dominant side (injured vs. non-
injured: 36.6+12.0° vs. 40.9+11.0°, P=0.01), and ankle plantar
flexion on the non-dominant side (injured vs. non-injured:
52.04+6.8° vs. 54.3+£6.7°, P=0.02) were significantly smaller
in the injured group than in the non-injured group (Table 3).

Multivariate Analysis

Among the variables with P values less than 0.1 based on
the results of univariate analyses, height and weight were
significantly correlated with age (P<0.01, correlation coef-
ficient=0.542 and 0.403, respectively). As a result, the height
and weight data were removed. Logistic regression analysis
showed that hip external rotation on the dominant side in
the injured group was significantly smaller than that of the
non-injured group (P=0.03, odds ratio 0.967) (Table 4).

Post-hoc Power Analysis
A post-hoc power analysis demonstrated the statistical
power between the injured and non-injured groups to be 0.99.
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Table 3. Univariate analysis of the lower limb

Non-injured (n=101)

Injured (n=94)

Mean SD Mean SD P value

Hip on the non-dominant side

IR ROM (°) 40.9 11.0 36.6 12.0 0.01*

ER ROM (°) 494 10.3 479 12.3 0.34
Hip on the dominant side

IR ROM (°) 38.5 10.8 36.2 12.2 0.16

ER ROM (°) 53.3 9.7 48.9 11.1 <0.01*
Ankle on the non-dominant side

PF ROM (°) 543 6.7 52.0 6.8 0.02*

DF ROM (°) 23.7 8.4 22.8 6.7 0.42
Ankle on the dominant side

PF ROM (°) 53.6 7.5 52.0 9.7 0.18

DF ROM (°) 22.8 7.1 21.9 6.4 0.39

The hip external rotation on the dominant side, the hip internal rotation on the non-dominant side, and the ankle plantar
flexion on the non-dominant side were significantly smaller in the injured group than in the non-injured group.

*Significant differences at P<0.05.
PF, plantar flexion; DF, dorsal flexion.

Table 4. Results of the multivariate analysis

Variable Odds ratio 95% CI P value
Age 1.12 1.455-3.268 0.40
Ankle dorsal flexion (non-dominant) 0.959 0.900-0.995 0.07
Hip IR (non-dominant) 0.978 0.950-0.999 0.11
Hip ER (dominant) 0.967 0.939-0.996 0.03*

The hip external rotation on the dominant side was an independent predictor of shoulder and elbow injury in elementary

school baseball pitchers.
*Significant difference at P<0.05.

DISCUSSION

The important finding of this study was that a decreased
hip ROM in external rotation on the dominant side was an
independent risk factor of shoulder and elbow injuries in
elementary school baseball pitchers. Furthermore, we found
that the hip ROM in internal rotation and ankle plantar flex-
ion on the non-dominant side, being tall, and being heavy
were also associated with both shoulder and elbow injuries.
To the best of our knowledge, this is the first study to provide
evidence that hip and ankle ROM deficits can affect shoulder
and elbow injuries in elementary school baseball pitchers.

Hip ROM Deficit

Recently, the concept of “the kinetic chain” has received a
lot of attention, and there is growing evidence that any disrup-
tion in this chain of motion can affect subsequent elements,
resulting in an increased risk of injuries.'®!? According to a

previous study, limitation of the hip joint internal ROM was
one cause of disturbance of the kinetic chain.’? Sakata et al.
reported that the ROM of hip internal rotation on the non-
dominant side was lower in players with elbow injuries than
in players without elbow injuries in elementary and junior
high school baseball players.? Sekiguchi et al. also noted that
a small ROM of the hip internal rotation on the non-dominant
side was associated with an awareness of shoulder and elbow
injuries during competition in elementary school baseball
players.'? In the current study, we found similar results to
those of Sekiguchi et al. The major difference between our
study and theirs is the subject selection. The previous studies
examined all players without dividing them into pitchers and
fielders, which is a limitation in those studies. This is prob-
lematic because previous studies have shown that pitchers
are susceptible to upper extremity injuries, as indicated by
higher incidences of shoulder and elbow injuries.?) Although
no similar studies in the past have found shoulder and elbow
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injuries to be associated with hip external rotation ROM,
Crawford et al. measured the hip ROM required during the
pitching motion and showed that internal rotation on the non-
dominant side and external rotation on dominant side were
specifically required.?? It has been found through pitching
motion analyses that the non-dominant hip internal rotation
ROM in particular is required during the early and late cock-
ing phases, whereas throwing hip external rotation ROM is
required only during the late cocking phase.?? The study of
Crawford et al. was conducted on pitchers only, which could
indirectly support the results of our study. This is because
abnormal loading mechanics of the dominant limb and the
landing pattern of the non-dominant limb during the pitch-
ing motion can result in inefficient energy transfer, thereby
requiring the trunk and upper extremities to generate more

force to maintain ball velocity.?*>%

Ankle ROM Deficit

It is generally accepted that the pitching motion is divided
into six phases: wind up, stride, arm cocking, acceleration,
deceleration, and follow through.? Although no previous
report has investigated the association between ankle func-
tion and shoulder and elbow injuries, ankle function plays a
critical role in the pitching motion. The ankle joint is involved
in the early phase of the kinetic chain, and, consistent with
the concept of the kinetic chain, improper positioning and
movement of the ankle can affect all subsequent segments.
Rabin et al. reported that a decreased ankle ROM is associ-
ated with increased frontal plane hip motion, increased trans-
verse plane knee motion, and decreased sagittal plane knee
motion.?®) Therefore, changes in lower extremity kinematics
during the early phases of the pitching motion could upset
the latter phases.?”) In the present study, univariate analysis
demonstrated that the ROM of ankle plantar flexion on the
non-dominant ankle in the injured group were significantly
smaller than those in the non-injured group. Interestingly,
whereas ankle dorsiflexion ROM limitation has been found
to affect dynamic balance,’® no such ankle plantar flexion
ROM limitation has been previously examined.

Although it is not possible to draw any definitive conclu-
sions from the results of the current study as to why the group
with limited plantar flexion of the ankle joint tended to have
more shoulder and elbow injuries, in a previous study, during
the stride phase, decreased maximum angular excursions for
ankle plantar flexion were observed for each additional pitch
count on the dominant side.?”) That study also reported that
improper positioning and movements of each joint can affect
subsequent joint actions throughout the pitching motion.?”)

This fact may also explain why a limited ankle plantar ROM
is associated with both shoulder and elbow injuries. How-
ever, there are additional factors for the ankle joint that need
to be considered. For example, the throwing motion is per-
formed while the lower limb is loaded, whereas assessment
was performed in the non-loaded state, and the correlation
between the loaded and non-loaded ankle ROM is only mod-
erate.”” These facts suggest that these measurements may
be assessing different constructs and may, therefore, yield
different associations with the lower extremity kinematics.
In the future, it will be necessary to measure the ROM of
the ankle joint in the loaded state. Our findings suggest that
a program to improve hip and ankle ROM may be useful for
preventing the occurrence of shoulder and elbow injuries in
elementary school baseball pitchers.

Demographics

Although age, height, and weight were not independent
risk factors for shoulder and elbow injuries among elemen-
tary school baseball pitchers in this study, height and weight
were associated with shoulder and elbow injuries according
to the univariate analysis. Because age, height, and weight
are strongly correlated, as evaluated by Pearson’s correlation
coefficients, these variables should therefore be discussed
collectively. Takagishi et al. reported that the risk for arm
injuries among pitchers increases with age, height, and
weight.” Lyman et al. also reported in their prospective study
that age and weight were developmental risk factors for elbow
injuries in 9- to 12-year-old baseball players.>” This finding
is similar to the findings of our study, including the target age
group. In addition, their hypothesis focused on the secondary
ossification centers, which are the most vulnerable points in
the young elbow, and these centers begin to ossify between
2 and 11 years of age and do not fuse to the long bones until
as late as 17 years of age.’") These developmental processes
may explain why the rate of throwing-related elbow injuries
increases with age.3) Furthermore, heavier pitchers may
place a greater load on their immature skeletons, thereby
increasing the likelihood of developing elbow injuries. Taller
pitchers are more likely to have longer arms, and longer
arms are expected to weigh more than shorter arms, thereby
resulting in more weight being maintained by the shoulder
joint during pitching.?) This creates a higher torque on the
shoulder joint and could, therefore, be a source of shoulder
injuries. Takagishi et al. reported that the number of years
of baseball experience was not associated with the occur-
rence of shoulder pain in junior high school baseball players.
This finding suggests that the load applied on the shoulders
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increased as a player’s physical abilities improved rather
than being a chronic injury caused by continually playing
the same sport and therefore correlated with older age. Evi-
dently, a stronger degree of power means that a greater force
is potentially applied to the shoulder and elbow. We must
address additional factors in the future, while taking into
account demographic factors such as age, height, and weight.

Limitations

The present study has some limitations. First, this was a
cross-sectional study. Therefore, whether the decrease in the
ROM of the hip joint was the cause or the result of shoulder
and elbow injuries was unclear and might have been af-
fected by recall bias. Second, we did not take into account
the effects of trunk function, such as lumbar lordosis and
dynamic balance. Third, we did not perform imaging tests,
including radiography, computed tomography, or magnetic
resonance imaging, to detect any pathological features in
the participants’ hip joints. Our study was based on medical
checkups only; this was because we wanted to avoid unnec-
essary radiation exposure in the subjects. Fourth, in many
cases, elementary school baseball players are not limited to
being pitchers, but may also play in multiple positions, and
therefore baseball players are not solely pitchers. Fifth, the
age, height, and weight of our subjects differed. In this study,
priority was given to the fact that all subjects were playing
in similar leagues, but we must also consider other factors
in the future while taking into account demographic param-
eters, such as age, height, and weight. Finally, external load
factors, such as the total number of pitches and the number
of innings pitched, were not evaluated in this study. These
factors should be examined in future studies.

CONCLUSION

In the injured group, the hip external rotation on the
dominant side, the hip internal rotation on the non-dominant
side, and the ankle plantar flexion on the non-dominant side
were significantly lower than in the non-injured group. These
results may suggest measures to help reduce the incidence of
these injuries.
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APPENDIX 1: QUESTIONS ASKED OF
THE PLAYERS

Checklist for little league players

Yes No
History of pain in the pitching arm
Mark the parts of your body that have felt sore at any point since you started playing baseball.
1. Shoulder 1 0
2. Elbow 1 0
Present pain in the pitching arm
Mark the parts of your body that hurt at present.
1. Shoulder 1 0
2. Elbow 1 0
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