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Change in Upper Limb Muscle Activity when Ball Speed Increases and
Type of Pitch Differs

SAITOU Keniji , OHGI Yuji, ICHIKAWA Hiroshi™, INOUE Shin-ichi™, MATSUO
Tomoyuki™ , ADACHI Kazutaka, MIYAJI Chikard™ and TAKAI Shozo

The purpose of this study was to investigate the upper limb muscle activity in baseball pitching
as ball speed was increased and the type of pitch was changed. Five college baseball pitchers pitched
ten times with intensities ranging from weak to full, and pitched five fast balls, sliders and curve
balls. Surface EMGs were recorded bipolarly from eight muscles: the biceps brachii (BB), the tri-
ceps brachii (TB), the flexor carpi ulnaris (FCU), the pronator teres (PT), the flexor carpi radialis
(FCR), the extensor carpi radialis (ECR), the extensor digitorum (ED), and the extensor carpi ulnalis
(ECU). The relationships of EMG amplitude to ball speed, and to type of pitch were tested by
correlation analysis, factor analysis, and one-way ANOVA.

The EMG amplitude of all muscles was correlated with ball speed. In the factor analysis, the
EMG amplitude of the TB, FCR, and ECR were included in the first factor with ball speed. The
EMG amplitude of the PT in the fast ball pitch was significantly larger than that in the curve ball
pitch.

The contributions to the ball speed of the muscle activities of FCR and ECR were larger than
were those of the ulnar muscles in the forearm, because FCR and ECR are terminated at the base of
metacarpal bone of the second and third finger, which release the ball. Because the activities of the
forearm flexors in the curve ball pitch were lower than those in the fast ball pitch, it was concluded
that those muscles did not reduce torque deformation around the elbow joint in the curve ball pitch.

Key word: Baseball, Ball Speed, Type of Pitch, Upper Limb Muscle, Surface EMG

Iooooo goboboboooboooboobobooobooo
gooooooooboOoOooOoOesonnooo gobooooboooobobooooobooooobo
000000oo0o00oooogobesess s gobooooboooobobooooobooooobo
goooooooboooeonoonooooog osommO 000000000 000O0O0O00OO0
oooooooseswsannsyQOQ0Q00000 oooooOoooOoooooooooOo2000
gobooooooboooooboboooooboo goboooobooooboooooboooooo
o00oooOoooooOooooooo»o goboooobooooboooooboooooo

* 00000000000 000 Faculty of Environmental Information, Keio University

** 0000000000000 00D0O0ODoctoral Program in Health and Sport Sciences, University of Tsukuba
*** (000000000000 Faculty of Culture and Education, Saga University

**** 10000000000 School of Health and Sport Sciences, Osaka University

=100 00000000000 Japan National Sports Center



80 goooooooOoooooooboooooboooboooOOoobooobooDboboOoDo

goboboooooooobooooooooooo
goboboooooooobooooooooooo
goboboooooooobooooooooooo
goboboooooooobooooooooooo
O0000o0o0ooooooooooo»pooon
gobobooooooooobooooooboooooo
goboooboboooobobooooboobaob
ggoobooooooobooooooooooo
gobobooooooooobooooooboooooo
gobobooooooooobooooooboooooo
gooobooooooooobooooooooooo
gboooooooobooboooo
ggooboooooooboboooooooooboo
gooobooooooooobooooooooooo
oooOoo*9ooo0ooooooooooooon
gooooooooooooooooboooo
goobooooooooobooooooboooooo
goobooooooooobooooooboooooo
Oo0o¥wooooooooooooooooooo
goobooooooooobooooooboooooo
goobooooooooobooooooboooooo
o0ooOoo@moomoooooobooooo
Oooo00o0ooo0ooooooooowmoo
000000000000 000Doooo®an
gooboooooooobooooooboooooo
gooboooooooobooooooboooooo
00000o0oo0ooOoooooooo®ogooo
gooooooooooooobooooboooo
goobooooooooobooooooooooo
goobooooooooobooooooooooo
goobooooooooobooooooooooo
O0oo00o0oo0ooOoooooooo®gooo
goobooooooooobooooooooooo
gbooooooogoo
ggooobooooooobooooooooooo
goobooooooooobooooooooooo
goobooooooooobooooooooooo
O000000oooo00oooO®*Hang 2,
Sistoetal ®0000000000000OO0OO
goboboooooooobooooooooooo
goboboooooooobooooooooooo
goboboooooooobooooooooooo
0000000 ®0Saitouetal. ®0000000O
goobobooooooooobooooooboooooo
goobobooooooooobooooooboooooo

goboooboooooooooobooooobooo
goboooboooooooooboooobooboo
gboooogo
gobooobooobooooobooooobooo
goboooboooooooooboooobooboo
goboooboooooooooboooobooboo
goboooboooooooooboooobooboo
gbooooooogoobobo

moooo
iooooooooooo
oo0o0oo0oO0oooooooooooog
oos500000000000000001844m
ooo0oooOoooooooooooooog
g0o0o0o0ooooooooooloooooooo
oOo0os0000050000000005000
000000ooooooooooooooo
O OPSK Professional, D0 0000000000
ooo0oooOoooooooooooooog
O0OHSV200, NACOOOODODDOOO200000
gooboooobobileoo010DOOODOO
gooooooo
200000000
Oo0ooooooooooboOoO0OO0D0Dbiceps
brachii: BB[O 0 OO0 O OO O triceps brachii:
TBO OO O OODO O flexor carpi ulnaris: FCULT]
OO00O00pronator teres: PTCOOOOOOO
O flexor carpi radialis: FCROO OO ODOO0OO0O0O
O O extensor carpi radialis: ECRCD O O O O extensor
digitorum: EDD O 0 O O O O O extensor carpi
ulnaris: ECUDO D080 0O0DOOOOOOODODOO
ooo0o0O0o3smmdOOOO0O0OO0OOOO0DOO
oooooooooobcz2ommdOOOO0OOOO
ooooooooooo0,weB-5000000000
gooooooDoOOOOOoOoOoOOOOOn
ooooo0ooooooooooouooooo
oo0o0ooooooooooooooooog
oomMvCcOOOOOOOODOOODOODOO
000000000000 01kHzO D O12bit0 A/
DOOOOODOOO0OO0ODOOOOD OO Macintosh
PowerBook 24000 AppleD O OO OOOO
300o000ooO00ob0b0OooDbOO0o0oo00oon
gooooooo
000®»00000000000000000
oo00ooO0ooooooooooooooodg



gooooooooooooooooooooooooon

Table 1 Ball speed [km/h] measured with a radar gun
when the intensity of pitches increased and the
type of pitch was changed.

Fastball Fastball Slider Curveball

Subjects Range Mean SD | Mean SD Mean SD

A 102.8-128.4 126.0 2.0 101.2 1.8 87.2 4.0
79.3-116.6 114.1 29 94.9 3.0 89.5 1.1
74.4-119.1 117.8 0.8 1074 2.5 90.7 4.8
82.0-115.0 112.0 2.5 936 3.0 78.6 38
98.2-110.1 103.6 53 95.7 32 82.4 3.5

monNnw

Table 2 Period [ms] of forearm pronation before and
after ball release.

Subjects Mean SD
A 511 2.8

B 89.6 6.1

C 529 35

D 548 5.4

E 58.1 4.5
Total 60.8 14.7

Table 3 Electromechanical delay [ms] measured with
accelerometers and the surface EMG method.

Museles Subi. A SubiB Subj.C Subj.D Subi.E

Biceps Brachii (BB) 42 57 60 49 67
Triceps Brachii (TB) 66 94 63 73 68
Flexor Carpi Ulnaris (FCU) 43 66 33 57 43
Pronator Teres (PT) 43 66 33 57 43
I'lexor Carpi Radialis (FCR) 43 66 33 57 43
Extensor Carpi Radialis (ECR) 37 49 28 48 38
Extensor Digitorum (ED) 37 49 28 48 38
Extensor Carpi Ulnaris (LCU) 37 49 28 a8 38
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Fig.1 Examples of surface EMG recorded from eight muscles when a subject pitched fast balls ranging from weak to full

levels of intensity.
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Table 4 Correlation coefficients between fast ball speed
and the RMS value of surface EMG.
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Table 5 Factor pattern calculated from the correlation of
RMS during 500 ms of each muscle with ball speed.
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Table 6 Factor pattern calculated from the correlation of
RMS during pronation period of each muscle
with ball speed.
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Fig. 2 Examples of surface EMG recorded from eight muscles when a subject pitched a fast ball , a slider and a curve ball.
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Fig. 3 Comparison of RMS values of surface EMG recorded during pitching in three pitch types. (a) Period from
300 ms before ball release to 200 ms after ball release. (b) Period of forearm pronation before and after ball release.
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