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Wind-up #* & follow-through ¥ T% 120 Hz /> 1
Z ¥ — F Optitrack 7 2 ® (Optitrack Japan %)
9B T L7z, Y~ — 7 — ORI B e
7 I VENUS3D®™ (Nobbytech #1#4) o =&kitzeH

Fig. 1 shows our original devices fixed on right wrist,
right upper limb, pelvis and left ankle. The
device on left ankle is intended to know “FP”.

Table 1 Personal data of subjects

age (y.o.) height (cm) weight (kg) career (y) posotion
A 24 169 68 8 outfielder
B 30 163 58 6 outfielder
C 29 170 68 18 infielder
D 26 174 83 11 pitcher
E 34 184 74 12 pitcher
F 25 157 74 15 infielder

mean 28 169.5 70.8 11.7

6 players without trouble of their shoulder and elbow.

2 pitchers, 2 infielders and 2 outfielders.
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Fig. 2 shows the trace of triangle T from “FP” to “BR’.
(a); ball (b); right wrist (c); right upper limb
(d); pelvis (e); left ankle 1; MER. Right
wrist, right upper limb and pelvis are
arranged in a straight line with ball.
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Fig. 3 Shows the change of shoulder rotation angle
These graphs are adjusted to become the ball release at last scale. The vertical axis expresses rotation
angle, positive direction shows external rotation, negative direction shows internal rotation. The horizontal
axis expresses throwing time. MER is the point of 5 scales from the top of each graphs.
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Table 2 Results of measurement of the internal rotation angle during acceleration phase

1 2 3 4 5 mean £ SD.
A 35.0403 32.1265 36.0233 32.9805 379301 3482 = 2.09*
B 61.9787 64.6053 52.8736 57.8788 52.0892 5789 = 491*
C 139.8968 139.3382 137.802 119.404 128.2218 13293 = 7.98*
D 191.3076 190.8779 191.0453 190.6226 187.6036 19029 £ 1.36*
E 121.6167 118.9056 119.2551 118.2923 115.4053 11870 = 1.99*
F 160.9829 154.8687 144.9306 111.8187 148.0392 14413 £ 17.08*

Unit ; degree
* 5 p<0.05
In each subject, all the measured values are included in the 95% confidence interval.
Table 3 Results of measurement of the rotation angle just before ball release

1 2 3 4 5 mean £ S.D.
A —20.949 —17.369 —12.154 —15.293 —16.74 165 *£286*
B 18.035 30.8317 23.847 9.8969 23.3881 212 +696*
C 130.392 134.321 134531 119.404 128.222 129.37 & 553* (**)
D 8.6098 18.0289 20.7893 22.2296 19.3506 178 +48*
E 12.311 17.343 11.314 18.37 16.255 1512 £ 2.8*
F 34.7001 245682 21.232 16.673 16.229 2268 = 6.75*

Unit ; degree
* 5 p<0.05

In sub.A, the negative marks show external rotation. The mean of rotation angle are expressed in
absolute value. In each subject, all the measured values are included in the 95% confidence interval.

** . There is significant difference in sub.C and other subjects by kruskal Wallis test (p = 0.00033).
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EVALUATION OF SHOULDER ROTATION ANGLE IN PITCHING MOTION:
A 3-DIMENSIONAL ANALYSIS

Tomoaki OKADA, Mikihiko WATANABE, Yuhi NISHIMOTO,
Takeshi KIMURA and Katsunori INAGAKI

Department of Orthopedic Surgery, Showa University School of Medicine

Abstract —— Pitching involves the combined motion of the entire body. Injury is common in the
acceleration phase of the pitching motion. Previous studies have reported on factors like the load placed
on joints during this phase. The complexity of the combined motions makes evaluating a single pattern
challenging. In such a complex motion, the rotational angle of the shoulder joint is affected by the position
of the elbows and forearms, rendering evaluation of the rotational angle during pitching motion difficult.
In this study, we investigated the pitching motion of 6 right-handed individuals experienced in baseball,
without a history of arm surgery. Five throws were analyzed per individual. Subjects wore marker bases
and anchors that we developed for recording via a motion capture system. Changes in the humeral rotation
angle were calculated based on spatial coordinates obtained using software that analyzes 3D motion over
time. The mean rotation angle across all attempts was 113.13°; the maximum and minimum rotational
angles of the humerus were 190.29 = 1.36° (p <0.05) and 34.82 £ 2.09° (p < 0.05), respectively. The rota-
tional angle of the shoulder joint of the 5 subjects immediately before ball release decreased to approxi-
mately 20°. However, this value for one individual was 129.37 £ 553° (p < 0.05), showing a significant
difference (p = 0.00033). The measurement of shoulder joint rotation, immediately before ball release,
reflects the individualized pitching motions. Unlike previous reports, the possibility of mathematical analysis
of pitching motion images (with the humerus as an index) indicates that this method can be used for clini-
cal evaluation. We plan to conduct additional high-precision studies on shoulder joint rotation in a group of
disabled individuals to advance the prevention and treatment of shoulder disorders due to pitching.

Key words: baseball, shoulder injury, shoulder rotation, ball release, motion analysis
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