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Abstract. [Purpose] The purpose of this study was to investigate changes in the shoulder and elbow joint angles, 
upper limb angular velocities, and elbow varus torque when throwing balls of two different sizes. [Participants and 
Methods] The pitching motion of 26 junior baseball players was analyzed using an optical motion capture system. 
The balls used were a standard baseball and a small ball of equal weight. Shoulder external rotation/abduction and 
elbow flexion were measured. The maximum values of shoulder joint internal rotation, elbow joint extension, wrist 
flexion angular velocity, and elbow joint varus torque were also evaluated. The ball velocity was determined as an 
index of pitching performance. [Results] The shoulder external rotation and elbow flexion angles were higher when 
pitching with a small ball. The joint angular velocity was also significantly higher when pitching with a small ball 
for all items examined. The ball speed was significantly higher with the small ball. The maximum varus torque 
of the elbow joint divided by the ball velocity was significantly lower for the small ball. [Conclusion] For a junior 
baseball player with a small hand length, using a small ball enables pitching with low stress on the elbow joint.
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INTRODUCTION

Baseball players often acquire injuries in the upper limbs on the dominant hand side, and medial elbow joint injuries are 
common in junior baseball players1, 2). Medial elbow joint injury is caused by forced valgus stress at the elbow joint during 
the acceleration phase of the pitching motion3, 4). The number of pitches, shoulder range of motion, muscle strength, and 
technical factors have been reported as the causes of elbow joint injuries in junior baseball players5–7). According to the 
results of kinetic research, a load of 64 Nm for professional baseball players and 28 Nm for junior baseball players is applied 
to the elbow when pitching8). Three-dimensional motion analysis equipment is often used to investigate the biomechanics 
of pitching, but there are few studies targeting junior baseball players. In addition, the same ball has been used in adults and 
juniors, and so far, changes in pitching movements due to ball weight differences have been reported9–11). However, because 
the ratio of the ball size to hand size is different, the effect of the diameter of the ball on the pitch should also be considered. 
In this study, two types of balls with the same weight but different diameters were used and the pitching motion and elbow 
joint torque were analyzed under these two conditions. The hypothesis of this study was that the junior baseball player could 
improve the mobility of the shoulder and elbow joints by using a small ball, which could reduce the torque applied to the 
elbow joints. The purpose of this study was to clarify whether changes in ball size help improve the performance of junior 
baseball players and prevent elbow joint injuries.
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PARTICIPANTS AND METHODS

There were 26 junior baseball players (25 males and 1 female) who participated in the study. The participants had an 
average age of 9.7 ± 1.0 years, height of 136.5 ± 7.4 cm, weight of 33.2 ± 7.4 kg, hand length of 14.6 ± 0.9 cm, and baseball 
experience of 38.4 ± 19.7 months (Table 1). The participants and their parents were informed in advance of the purpose of 
this study, in accordance with the Declaration of Helsinki. Prior to the experiment, verbal and written informed consent was 
obtained from all participants. The resulting data were securely stored under an encrypted name to protect the participants’ 
privacy. Ethical approval for this study was obtained from the ethics review committee of Teikyo Heisei University (approval 
code: R01-093-01). Throwing motions were measured using an optical motion capture system (VICON Motion Systems, 
Oxford Metrics Inc., plug-in-pitch models, Oxford, UK) with 10 infrared cameras. The sampling frequency was 500 Hz, 
and the data were processed using a Butterworth low-pass filter. The balls used were a standard hardball (diameter 74 mm, 
141 g: normal ball) and a small ball (diameter 65 mm, 141 g: small ball), both of which weighed the same. The pitching 
surface was a flat floor, and the target was a net installed 5 m away from the pivoting foot. The target point was positioned at 
the participant’s eye-level. Infrared reflection markers were attached to a total of 16 points according to the report of Wu et 
al.12) (7th cervical spine, 8th thoracic spine, sternum notch, xiphoid process, anterior acromion, posterior acromion, acromion 
angle, medial sternal superior condyle, radial pedicle, lateral sternal superior condyle, ulnar stalk, distal 3rd metacarpal, distal 
3rd finger, and 3 points of the ball). Before the evaluation, the participants jogged, stretched, and then practiced throwing 
around 20 pitches until they got used to each ball. The analysis of the pitching motion conformed to the method described by 
Fleisig et al8). The pitching attempts involved five standard and small balls each, and the participants were instructed to throw 
at maximum speed. The items measured were joint angle (shoulder external rotation, shoulder abduction, elbow flexion), 
joint angle velocity (shoulder internal rotation, elbow extension, and wrist flexion), and elbow varus torque. The ball speed 
was measured as an index of performance. The average joint angle in the maximum external rotation phase (MER) during 
the pitching of five balls was measured. The maximum values   for shoulder joint internal rotation, elbow joint extension, wrist 
flexion angle velocity, and elbow joint varus torque were applied from the MER to the release phase. For the ball velocity, 
the maximum velocity at the center of the three markers attached to the ball was calculated, and the maximum varus torque 
of the elbow joint was divided by the ball speed. Regarding the analysis method, the Euler angles were obtained using the 
right-hand Cartesian coordinate system for the shoulder and elbow joint angles. The joint angular velocity was calculated as 
the shoulder joint angular velocity for the upper arm with respect to the thorax, elbow joint angular velocity for the forearm 
with respect to the upper arm, and the wrist joint angular velocity with respect to the forearm. The varus torque of the elbow 
joint was calculated by solving the equation of motion from the distal side according to the method of Andrews13). Statistical 
software R for Windows (version 2.13.0) was used for statistical analysis, and each index was compared using a paired t-test 
with the significance level set to 5%.

RESULTS

The external rotation angle of the shoulder joint in MER was significantly higher with the small ball compared to the 
standard ball with 83.0 ± 9.2° and 77.3 ± 8.6°, respectively. Shoulder abduction angles were not significantly different 
between the two groups. The elbow joint angle was also significantly larger for the small ball (94.0 ± 15.3°) than for the 
normal ball (88.5 ± 16.8°). Regarding the joint angular velocity, shoulder internal rotation with the standard and small balls 
were 1,563.2 ± 318.8°/s and 1,776.3 ± 337.3°/s, respectively. Moreover, the values for wrist flexion were 696.4 ± 241.1°/s 
with the standard ball and 920.2 ± 321.1°/s with the small ball. These results showed significantly higher angular velocities 
with the small ball. Additionally, ball speed was also significantly increased with the small ball compared to the normal 
ball, with 17.1 ± 2.2 m/s and 15.2 ± 1.8 m/s, respectively. The maximum varus torque of the elbow joint divided by the ball 
velocity was significantly lower for the small ball (Table 2).

Table 1.  Characteristics of the study

Characteristic N=26
Age (years) 9.7 ± 1.0
Gender (n) Male: 25 Female: 1
Height (cm) 136.5 ± 7.4
Body weight (kg) 33.2 ± 7.4
Hand length (cm) 14.6 ± 0.9
Baseball experience (months) 38.4 ± 19.7
Mean ± Standard Deviation.
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DISCUSSION

The results of this study showed that, during the pitching motion of junior baseball players, there were differences in joint 
angle, joint angular velocity, elbow varus torque, and ball speed when balls of different sizes but equal weight were used. 
Of all the phases of the throwing motion, the maximum valgus stress is applied to the elbow joint during the acceleration 
period from the MER to the release phase14, 15), and the valgus stress of the elbow joint is buffered with respect to the 
throwing direction. It is thought that there is extension of the thoracic spine, posterior tilt of the scapula, external rotation 
of the shoulder joint, and flexion of the elbow joint during this phase. Aguinaldo16) reported that an increase in the external 
rotation angle of the shoulder joint and the flexion angle of the elbow joint at the MER is associated with a decrease in the 
valgus torque of the elbow joint. Fleisig et al.8) and Sabick et al.14) reported that the elbow joint angle of junior baseball 
players in MER was 57° to 95°, respectively. The results of this study showed that the shoulder joint external rotation angle 
and elbow joint flexion angle were significantly higher with the small ball; therefore, it would be better for junior baseball 
players to use a ball with a smaller diameter than one of the same size as an adult. This suggests that the risk of injury can 
be reduced. The maximum angular velocity of shoulder joint internal rotation, elbow joint extension, and wrist joint flexion 
during the acceleration period of throwing were all significantly higher with the small ball than with the normal ball. During 
the acceleration period, movements in the upper limbs occur in the order of internal rotation of the shoulder joint, extension 
of the elbow joint, and flexion of the wrist joint. According to the joint angle data, the increase in the elbow flexion angle 
with the small ball reduced the radius of gyration of the upper arm; this probably increased the internal rotation speed of 
the shoulder joint, and consequently, the elbow extension and wrist flexion speeds, as well. Additionally, for junior baseball 
players, a large ball may suppress the activity of intrinsic muscles of the hand, such as the lumbricals, which are essential in 
gripping the ball; furthermore, it may increase the activity of muscles that may hinder the movement of the wrist joint, such as 
the flexor digitorum superficialis and flexor digitorum profundus. In this study, the maximum varus torque of the elbow joint 
divided by the ball speed was low, even though the angular velocities of shoulder internal rotation and elbow joint extension 
as well as the ball velocity increased with a small ball. It has been reported that elbow joint torque increases as the pitching 
speed increases17); however, in this study, the elbow joint turned toward the throwing direction during the acceleration period 
due to the improvement of the shoulder joint external rotation angle with the small ball. This was probably because the valgus 
stress was buffered. For junior baseball players with a hand length of 15 cm or less, using a ball smaller than the commonly 
used hardball may improve pitching efficiency and reduce the risk of medial elbow joint injury. The limitation of this study 
was that, despite the use of different ball sizes, detailed analysis of the fingers and the relationship between the fingers and 
the ball during the release period could not be done.
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Table 2.  Comparison of data with two types of balls

Normal Small
(φ74 mm 141 g) (φ65 mm 141 g)

Joint angle at MER (deg)
Shoulder external rotation 77.3 ± 8.6 83.0 ± 9.2 **
Shoulder abduction 97.4 ± 12.5 97.3 ± 13.3
Elbow flexion 88.5 ± 16.8 94.0 ± 15.3 *

Maximum angular velocity (deg/s)
Shoulder internal rotation 1,769.8 ± 504.5 2,181.1 ± 669.3 **
Elbow extension 1,563.2 ± 318.8 1,776.3 ± 337.3 **
Wrist flexion 696.4 ± 241.1 920.2 ± 321.1 **

Ball speed (m/s) 15.2 ± 1.8 17.1 ± 2.2 **
Maximum elbow varus torque

(Nm) 15.4 ± 5.7 15.8 ± 5.8
(Nm / ball speed) 1.0 ± 0.3 0.9 ± 0.2 *

*p<0.05, **p<0.01.
φ: diameter.
Mean ± Standard Deviation.
MER: maximum external rotation phase.
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