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Scheme of device consisted of six
accelerometers. Two accelerometers
whose sensing direction were indicated
each direction of axis were arranged 100
mm apart on three axes.

Forward
-~ trunk tilt
A\

Rotation

(a) High back

(b) Right upper arm

RER & 1 — 7RI O AR & F B o0 E B 73 Hr

IRAIFERIC SRS L 7o 7731 2113 ADXL150 %
i, ThooE=iRy v 7)) v 7R
1kHz, FEE12Dbit TADZEML, Y=V F v
IV Ea—=F DAL, WOIAATES
13, 4IRDNY T =27 4y —IT k0 FEK
20 Hz Craplsuliir L 72,

BEkoOFR -y ) =2 LIF TV Y —2]
EMES) 1d, WEREOEI, ML E R —
VICE@E T — 7 &R, EXENC L
[19], ¥Ekz2E—FiE, 2E¥—F#H v (PSK
Professional, b —7 AR —v =y 4) 2H
W, fliTFRS OBEEREE TRl L7, F7c,
WeBRFE WA S5 4 ZE— KA £ 5 (CASIO,
Exsilim, >~ 71U v 7' 300Hz) Ic& % EF 4
e biT- 70

AEEDEH
6 H DONLERE £ » v TEHA S LA IEEA,,

Ap Ap Ay A A, (KD 1, TS
n5 [17,18],

Ay=R,—g +r (] + )

Ay=R,—g,+ 0, +d) (W) + )

Ayl :Ry 7gy+7y(wf+ wa) (1

Ay=R,—g+ (o, +d) (' + )

AzlzR gz+7z(wf+wJ’Z>

A,=R,—g.+ 0 +d) (i +w)

z

Internal rotation Pronation

(c) Right wrist

Fig. 2

Measuring device, which consisted of three aluminum frame configured with
a rectangular coordinate and two accelerometers arranged on each bar as
shown in Fig. 1, were attached on (a) high back, (b) upper arm and (c) wrist of
participants.
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Fig. 3 Pitching motion is explained by four phases that are
early cocking phase, late cocking phase, acceleration

phase and follow through phase. Zero on the horizontal

axis indicates the time of ball-release.
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and curveball (right column) six times. Zero millisecond on time axis
indicates the time of ball-release.
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column) and curveball (right column) three times. Zero millisecond on

time axis indicates the time of ball-release.
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Fig. 6 An example of angular velocity waveforms about trunk rotation and
forward trunk tilt when all participants pitched a fastball (left column)
and a curveball (right column). Zero millisecond on time axis indicates

the time of ball-release.
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Fig. 7 An example of angular velocity waveforms about internal rotation of
shoulder and forearm pronation when all participants pitched a fastball
(left column) and a curveball (right column). Zero millisecond on time
axis indicates the time of ball-release.
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Motion Analysis of Trunk and Upper Limb with Accelerometers
during Pitches of Fastball and Curveball
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Abstract

The purpose of this study was to clarify the difference of joint motion in the upper limb and trunk
between fastball pitches and curveball pitches. Nine participants who belonged to a college baseball
team were participated in this study. Participants who attached measurement devices to the wrist,
the upper-arm and the high back pitched the fastball and curveball to a catcher who was located
18.44m ahead. The angular velocities of joint motion in the upper limb and the trunk during fastball
and curveball pitches were measured with these devices. As the results, the angular velocities of
forearm pronation and internal rotation of the shoulder at ball-release were higher in fasthball pitches
than curveball pitches. Maximal angular velocities of those joint motions had no difference between
fastball and curveball pitches. The times of the maximal angular velocities of forearm pronation and
internal rotation of shoulder were delayed in curveball pitches than fastball pitches. In contrast,
all parameters extracted from the angular velocities of trunk motion had no significant difference
between fastball pitches and curveball pitches. From these results, the followings concerning
curveball pitch were considered. Participants made effort to pitch curveball by the same motion as
fastball pitch, but the motion of forearm was different from fastball pitch, because forearm has to
make supination relatively for spinning ball reversely in curveball pitch. Furthermore, they have
to restrain the angular velocity of the internal rotation of shoulder for making supination easy in

curveball pitch.

Keywords: Baseball, Pronation of forearm, Internal rotation of shoulder, Forward trunk tilt, Rotation

of trunk
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