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Background: The shoulder motion during pitching is influenced by the trunk and pelvis motions, but
their relationship during the deceleration phase of throwing on flat ground has not yet been clarified.
This study aimed to investigate the relationship between shoulder, trunk, and pelvis kinematics at the
maximum internal rotation (MIR) of the shoulder during the deceleration phase of throwing on flat
ground.
Methods: The study participants included 17 male baseball players over 20 years old and at the rec-
reational playing level. The recreational level was illustrated by players who did not practice at high
intensity and had played only 1-2 competitions per week. Reflective markers were applied to the subject,
and throwing motion was assessed using a three-dimensional motion capture system. Data were
captured at 1000 Hz. We assessed the angle of the shoulder, spine, and pelvis at the MIR on flat ground.
Internal shoulder rotation velocity and spinal and pelvic angular velocities were also assessed. The
relationship between the shoulder, spine, and pelvis kinematics at the MIR was examined using simple
linear regression analysis.
Results: The internal shoulder rotation angle at the MIR was negatively associated with only the spinal
flexion and rotation angle at the MIR (P ¼ .006 and P ¼ .010, respectively). No other significant associ-
ations between shoulder, spine, and pelvis kinematics were detected at the MIR.
Conclusion: For throwing on flat ground, the internal shoulder rotation motion may be suppressed by
producing trunk flexion and rotation motion at the MIR.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Throwing injuries of the shoulder are common in overhead sports
such as baseball.15 The excessive stress that is placed on the shoulder,
especially during the late cocking phase of pitching and ball release,
has been associated with the development of superior labrum
anterior-posterior lesions and other throwing injuries of the shoul-
der.9,10 However, recent studies have focused on throwing injuries of
the shoulder that occur during the deceleration phase of pitching,
which represent the anterosuperior impingement (ASI) injuries.3 ASI
was first defined by Gerber and Sebesta12 as the impingement of the
reflection pulley and subscapularis tendon undersurface in the hori-
zontal adduction and internal rotation positions of the shoulder
against the anterosuperior glenoid rim. In addition, Valadie et al25

verified the contact between the articular surface of the rotator cuff
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tendons and the anterosuperior glenoidwith the armwhenplaced in
the Hawkins position. Thus, it is important to suppress excessive
shoulder horizontal adduction and internal rotation during the
deceleration phase of pitching to prevent ASI.

The throwing motion is a movement that includes the whole
body, where the energy generated from the lower extremity is
transferred to the upper extremity.4 In addition, the motor control
of the trunk, including the pelvis that is located between the upper
and lower extremities, is important to prevent throwing injuries of
the shoulder.1,7 Furthermore, many studies have reported that the
relationship between the motions of the trunk and shoulder are
dependent on the interval between the early cocking phase and ball
release at the maximum external rotation (MER) of the shoulder
during the late cocking phase.1,7,16,19 Miyashita et al19 reported that
the MER angle was not only affected by the glenohumeral external
rotation motion but also by the thoracic extension motion. In
addition, Suzuki et al23 reported that both the excessive gleno-
humeral external rotation and horizontal abductionmotions can be
suppressed through thoracic extension during the shoulder
external rotation at 90� of the shoulder abductions. Manzi et al16
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Figure 1 Analytic phase of a pitch. The maximum internal rotation (MIR) angle of the
shoulder during the deceleration phase of a pitch was analyzed.
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reported that the lateral trunk tilt at ball release increases the
shoulder horizontal abduction motion. These reports suggest that
by controlling the trunk motion, the shoulder motion can be
controlled. On the other hand, there have been few reports that
have examined the relationship between the trunk and shoulder
movements during the deceleration phase. Oliver and Keeley21

examined the relationship between the thoracic and shoulder
motions during the deceleration phase in high school baseball
players, and no relationship was reported between the two seg-
ments. However, because the shoulder motion at MER and ball
release are influenced by the trunk motion, it is assumed that a
similar relationship occurs during the deceleration phase and
should be considered.

The control of the pelvis motion is necessary to reduce the
pressure on the shoulder.13,14 Laudner et al14 reported that
instability in the direction of the anterior-posterior pelvis tilt
during the single-leg standing position was associated with
increased shoulder horizontal abduction torque during pitching.
In addition, an increase in the pelvis lateral tilt angle at the MER
and pelvis rotation angular velocity at ball release resulted in an
increased glenohumeral compressive force.13 Thus, the effects of
the pelvis motion at the MER and ball release on the shoulder
have been previously reported; however, no study has reported
on these effects through the deceleration phase or on the trunk.
In addition, most studies have analyzed pitching on the mound
but not throwing on a flat ground. However, throwing injury
may occur during the deceleration phase even among fielders
who throw on a flat ground, an effect that requires further
investigation. Moreover, demonstrating the relationship be-
tween shoulder, trunk, and pelvis motions would help prevent
throwing injuries of the shoulder that occur during the decel-
eration phase.

This study aimed to investigate the relationship between
shoulder, trunk, and pelvis kinematics at the maximum internal
rotation (MIR) of the shoulder during the deceleration phase of
throwing on flat ground. We hypothesized that a correlation exists
at the MIR as well as at the MER and ball release.

Materials and methods

Participants

Recreational-level baseball players over the age of 20 were
recruited in this study. The recreational level was defined by
players who did not practice at high intensity and had played only
1-2 competitions per week. Players with shoulder, trunk, and lower
extremity pain at the time of testing were excluded from the study.
The study protocol was approved by the Research Ethics Committee
(study number: 543). All participants provide written informed
consent before data collection.

Throwing analysis

Prior to the start of the throwing test, the participants were
allowed an unlimited warm-up and stretching time. The partici-
pantswere set positioned and threw three fastballs using the official
baseball (ZETT Corp., Osaka, Japan) thatweighed 145.0-147.0 g, with
theirmaximumeffort toward a 1.1�1.1m target at a distance of 3m.

The throwing motions were measured via a three-
dimensional motion analysis system (Vicon MX; Vicon Motion
Systems Ltd., London, UK), which houses nine infrared strobe
cameras. We secured 39 reflective markers to the anatomic
landmarks in accordance with the Plug-In Gait model (Vicon
Motion Systems Ltd.) (spinous process of the 7th cervical
vertebra, spinous process of the 10th thoracic vertebra, sternal
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notch, xiphoid process, right scapula, bilateral anterior/posterior
head, acromioclavicular joint, lateral upper arm, lateral humeral
epicondyle, lateral forearm, radial/ulnar styloid, second meta-
carpal head, anterior/posterior superior iliac spine, lateral thigh,
lateral femoral condyle, lateral shank, lateral malleoli, second
metatarsal head, and calcaneus) and captured the data at 1000
Hz. Based on the Vicon Plug-In Gait model, we computed the
angles at the MIR of the following: shoulders (horizontal
adduction/abduction, abduction/adduction, and internal/external
rotation), spine (flexion/extension, nonthrowing/throwing side
lateral flexion, and nonthrowing/throwing side rotation), and
pelvis (anterior/posterior tilt, nonthrowing/throwing side lateral
tilt, and nonthrowing/throwing side rotation).2,20 In addition, we
computed the internal shoulder rotation velocity at the MIR as
well as the spinal (flexion/extension, nonthrowing/throwing side
lateral flexion, and nonthrowing/throwing side rotation) and
pelvic (anterior/posterior tilt, nonthrowing/throwing side lateral
tilt, and nonthrowing/throwing side rotation) angular velocities
at the MIR. We computed the MIR using the obtained joint angle
data (Fig. 1). The marker trajectory data were low-pass filtered
using a fourth-order Butterworth filter with a 13.4 Hz cutoff
frequency.8 We defined the axes as follows: The Y-axis extended
toward the pitch; the X-axis, orthogonal to the Y-axis, extended
from first toward third base; and the Z-axis was perpendicular to
both the Y- and X-axes (Fig. 2). We defined the shoulder angle
between the thoracic and upper arm segments, the spine angle
between the thoracic and pelvis segments, and the pelvis angle
as the absolute angle of the pelvis segment to the laboratory axis.
Among the three-throwing tasks of each participant, we based
our analysis on the throw in which the angle of the internal
shoulder rotation at the MIR was the greatest.

Statistical analysis

For statistical analysis, we utilized JMP Pro software, version 16
(SAS Institute Inc., Cary, NC, USA). The associations between the



Figure 2 Coordinate system. (A) Coordinate system for the laboratory, thoracic, and pelvis segments. (B) Upper arm segment coordinate system. CL, laboratory coordinate system;
CU, upper arm coordinate system; CT, thoracic coordinate system; CP, pelvis coordinate system; XL, X-axis of CL; YL, Y-axis of CL; ZL, Z-axis of CL.

Figure 3 Flowchart of the study.
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shoulder kinematics data and the spine and pelvic kinematics data
were analyzed using simple linear regression analysis. Shoulder
kinematics data were considered as objective variable, and spine
and pelvic kinematics data were considered as explanatory vari-
ables. Statistical significance was set at P < .05. In a simple linear
regression analysis, for an effect size of 0.15, a significance level of
0.05, and a power of analysis of 0.8, the required sample size was
determined to be 55 participants.

Results

In this study, the throwing motion of 21 baseball players was
measured. Of these, four players were excluded because their
shoulder angle or pelvic angle at the MIR could not be calculated.
Thus, only 17 players were included in the analysis (age, 22.4 ± 2.5
years; body mass, 67.2 ± 8.0 kg; height, 170.5 ± 4.4 cm; and
experience, 11.7 ± 2.8 years) (Fig. 3).
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Data regarding shoulder, spine, and pelvis kinematics at theMIR
are presented in Table I and their associations are presented in
Tables II and III. Using simple linear regression analysis, we deter-
mined that the internal shoulder rotation angle at the MIR was
negatively associated with spine flexion and rotation angle at the
MIR. No other significant associations between the shoulder, spine,
and pelvis kinematics were detected at the MIR.

Discussion

During pitching, the shoulder is overloaded from theMER to ball
release; thus, a throwing injury of the shoulder is likely to occur
during these phases.9,10 However, throwing injury of the shoulder
can also occur during the deceleration phase after ball release, such
as ASI.3 Because ASI results from the excessive shoulder horizontal
adduction and internal rotation movement during the deceleration
phase, controlling these movements is important to prevent



Table I
Kinematics data of the shoulder, spine, and pelvis at MIR during throwing.

Variables Mean ± SD

Shoulder angle (�)
Horizontal adduction (þ)/horizontal abduction (�) 32.6 ± 10.8
Abduction (þ)/adduction (�) 101.6 ± 10.9
Internal rotation (þ)/external rotation (�) 2.8 ± 19.4
Spine angle (�)
Flexion (þ)/extension (�) 16.0 ± 15.7
Nonthrowing side lateral flexion (þ)/throwing

side lateral flexion (�)
21.5 ± 24.7

Nonthrowing side rotation (þ)/throwing side rotation (�) 24.4 ± 13.6
Pelvic angle (�)
Anterior tilt (þ)/posterior tilt (�) 16.4 ± 12.3
Nonthrowing side lateral tilt (þ)/throwing side lateral tilt (�) 8.1 ± 23.0
Nonthrowing side rotation (þ)/throwing side rotation (�) 101.7 ± 9.1
Shoulder angular velocity (�/s)
Internal rotation (þ)/external rotation (�) 32.5 ± 23.9
Spine angular velocity (�/s)
Flexion (þ)/extension (�) 146.2 ± 92.4
Nonthrowing side lateral flexion (þ)/throwing

side lateral flexion (�)
66.9 ± 49.5

Nonthrowing side rotation (þ)/throwing side rotation (�) 67.9 ± 66.0
Pelvic angular velocity (�/s)
Anterior tilt (þ)/posterior tilt (�) �40.7 ± 77.7
Nonthrowing side lateral tilt (þ)/throwing side lateral tilt (�) 49.8 ± 33.7
Nonthrowing side rotation (þ)/throwing side rotation (�) 84.2 ± 58.0

Data are presented as the mean ± standard deviation (SD).
MIR, maximum internal rotation during the deceleration phase.
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ASI.12,25 In addition, the shoulder motion during pitching is influ-
enced by the trunk and pelvis motions.5,13,14,16,19,24 Previous studies
have demonstrated the relationship between shoulder, trunk, and
pelvis motions during the MER and ball release, but their rela-
tionship during the deceleration phase remains unknown.13,16,19

This study utilized a three-dimensional motion analysis system to
examine the relationship between shoulder, trunk, and pelvis ki-
nematics at the MIR.

Based on the obtained results, none of the variables were
associatedwith the shoulder horizontal adduction angle at theMIR.
However, the internal shoulder rotation angle at the MIR was
negatively associated with the spinal flexion and rotation angle at
the MIR. These results suggest that the internal shoulder rotation
motion may be suppressed by producing trunk flexion and rotation
motion at the MIR.

Regarding the motion of the shoulder horizontal plane, Suzuki
et al23 compared the horizontal abduction angle of the gleno-
humeral joint during the shoulder external rotation at 90� of the
shoulder abductions from the sitting position between the thoracic
extension and thoracic flexion positions, and they reported that the
horizontal abduction angle of the glenohumeral joint was signifi-
cantly decreased in the thoracic extension position. Manzi et al16

analyzed the pitching motion of professional baseball players, and
they reported that players with a large trunk nonthrowing lateral
flexion angle at ball release had a large shoulder horizontal
abduction angle. Because the shoulder horizontal plane motion up
to ball release was influenced by the trunk motion, the shoulder
horizontal plane motion could also be influenced by the trunk
motion at the MIR. However, the findings in this study differed.
Therefore, the relationship between the shoulder horizontal plane
motion and trunk motion varies depending on the throwing phase.
However, the electromyographic analysis during the throwing
motion showed that the muscle activity in the posterior deltoid and
teres minor muscles was greater during the deceleration phase.6

Since not only the posterior deltoid but also the teres minor were
involved in the shoulder horizontal plane motion,24 these muscles
were thought to contract eccentrically during the deceleration
phase. Thus, the shoulder horizontal adduction motion at the MIR
could be controlled by the muscles around the shoulder.
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Currently, there is only one report that has examined the rela-
tionship between the internal shoulder rotation motion and trunk
motion at the MIR.21 Oliver and Keeley21 performed a three-
dimensional pitching motion analysis on high school baseball
players and reported that there was no relationship between the
shoulder rotation angle at theMIR and the thoracic flexion angle and
angular velocity of rotation. However, the present study identified a
relationship between the angle of the internal shoulder rotation at
theMIR and the angle of spinal flexion and rotation. The definition of
the thoracic angle duringmeasurementwas the absolute angle of the
thorax relative to the laboratory coordinate system.21 Due to the
differences between the two studies regarding the participants and
the definition of the trunk angle, it is challenging to form a com-
parison between previous21 and present studies. However, the
identification of a relationship between the internal shoulder rota-
tion angle and the spinal flexion and rotation angle at the MIR is
important when considering the mechanism of throwing injury of
the shoulder at theMIR. In addition, this study showed no significant
association between the internal shoulder rotation velocity and
spinal angular velocity at the MIR; we have not found any reports
examining the association between shoulder angular velocity and
spinal angular velocity at the MIR, and many points remain unclear.
In the future, it would be interesting to examine the factors that
might influence internal shoulder rotation motion at the MIR in
terms of spinal angular velocity at the MIR as well as maximum
angular velocity of the spine during the entire throwing phase.

The thorax at the MER of a pitching motion is in an extension
position; then, in the later phases, it undergoes flexion and non-
throwing side rotation.19,21 It has also been shown that the angle of
the scapular anterior tilt in the shoulder MER at 90� of abduction is
greater in the thoracic flexion position compared to the thoracic
extension position.23 Miyakoshi et al17 utilized three-dimensional
motion analysis to examine the effects of trunk rotation on scap-
ular motion. The results indicated that the scapular anterior tilt
angle was greater during the contralateral trunk rotation compared
to the trunk when in a neutral position. Consequently, the trunk
movement affected the scapular movement, which exhibited an
anterior tilt movement from the MER to MIR.22 Miyashita et al18

examined the relationship between the scapular anterior tilt mo-
tion and glenohumeral joint internal rotation motion at ball release
and reported a negative correlation between these two variables.
Thus, players with greater scapular anterior tilt motion at ball
release exhibited less glenohumeral joint internal rotation motion.
Based on these reports, it is possible that the participants in this
study with greater spinal flexion and rotation motion to the non-
throwing side at the MIR had greater scapular anterior tilt motion,
which resulted in a smaller internal rotation angle of the shoulder.
However, because scapular motion was not measured in this study,
further investigation is required to better explain the relationship
between the spinal, scapular, and shoulder motions at the MIR.

This study has several limitations. First, the sample size was
small. The required number of participants was 55; this criterion
was not met in the current study. A small sample size is a concern
for type I and type II errors. Therefore, a larger sample size is rec-
ommended for future studies. Second, the throwing distance was
set at 3 m, owing to the limited space of the laboratory where this
studywas conducted. However, during real play, the throwdistance
is > 3 m. Moreover, longer throw distances have been reported to
affect trunk and shoulder motions.11 Therefore, if throws were
made at similar distances, the results might differ. Third, only
recreational-level baseball players were included in this study.
Considering the differences in pitching kinematics observed at
different levels of competition, 10 the results of this study may not
be applicable to all college and professional baseball players.
Fourth, the number of throws evaluated for each player was



Table II
Simple linear regression analysis between shoulder angle, spine, and pelvic angle at MIR during the deceleration phase.

Shoulder angle

Horizontal adduction Abduction Internal rotation

Slope R2 P value 95% CI Slope R2 P value 95% CI Slope R2 P value 95% CI

Spine angle
Flexion �0.080 0.013 .650 �0.426 to 0.266 0.351 0.253 .024 0.046 to 0.656 �0.720 0.338 .006 �1.230 to �0.211
Nonthrowing side lateral flexion �0.042 0.009 .709 �0.262 to 0.178 0.100 0.051 .370 �0.118 to 0.318 0.005 0.000 .981 �0.393 to 0.403
Nonthrowing side rotation �0.037 0.002 .858 �0.438 to 0.365 0.111 0.019 .589 �0.292 to 0.515 �0.793 0.307 .010 �1.400 to �0.190
Pelvic angle
Anterior tilt �0.073 0.007 .746 0.515 to 0.369 �0.160 0.032 .479 �0.602 to 0.283 0.571 0.131 .133 �0.173 to 1.315
Nonthrowing side lateral tilt 0.005 0.000 .965 �0.232 to 0.242 �0.017 0.001 .888 �0.257 to 0.223 �0.152 0.033 .477 �0.572 to 0.267
Nonthrowing side rotation �0.056 0.002 .853 �0.652 to 0.539 0.089 0.005 .773 �0.515 to 0.692 0.442 0.043 .409 �0.608 to 1.492

R2, coefficient of determination; CI, confidence interval; MIR, maximum internal rotation.

Table III
Simple linear regression analysis between shoulder internal rotation angular ve-
locity, spine, and pelvic angular velocity at MIR during the deceleration phase.

Shoulder internal rotation: angular velocity

Slope R2 P value 95% CI

Spine angular velocity
Flexion 0.092 0.126 .142 �0.031 to 0.214
Nonthrowing side lateral flexion �0.066 0.018 .600 �0.308 to 0.176
Nonthrowing side rotation �0.103 0.081 .251 �0.278 to 0.073
Pelvic angular velocity
Anterior tilt 0.051 0.028 .512 �0.102 to 0.205
Nonthrowing side lateral tilt 0.041 0.003 .822 �0.317 to 0.400
Nonthrowing side rotation 0.024 0.003 .823 �0.184 to 0.232

R2, coefficient of determination; CI, confidence interval; MIR, maximum internal
rotation.
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limited. Because players with a large internal shoulder rotation
angle at the MIR often complain of shoulder pain in clinics, this
study analyzed trials, and the maximum internal shoulder rotation
angle was observed in three trials. However, to further generalize
the data, it is necessary to increase the number of throws and
consider the data variability. The strength of this study is that, while
few reports have demonstrated the relationship between the
shoulder, pelvis, and trunk motions at the MIR, this study clarified
those relationships. Because the internal shoulder rotation motion
at theMIR is influenced by other joints, the results of this studymay
assist in the rehabilitation of athletes with shoulder injury symp-
toms at the MIR.

Conclusion

This study utilized a three-dimensional motion analysis system
to examine the associations between the shoulder kinematics at
the MIR and the pelvis and trunk kinematics in healthy partici-
pants. Players with greater spinal flexion and nonthrowing side
rotation angle at the MIR had smaller angles of internal shoulder
rotation. This demonstrates the need to control the spinal flexion
and nonthrowing side rotation to suppress the internal shoulder
rotation at the MIR.
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