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Abstract

The purpose of this study was to investigate the balance response to forward distur-
bance of standing posture using weight-load. Five male subjects, aged from 20 to 41
years, stood on a force plate on which a bar was jointed. The bar was able to incline in
anteroposterior direction. The position of the weight-load on the bar was at shoulder
level. The balance response was examined three times with elbow flexion and elbow
extension respectively. In each trial the following was measured : the pressure on the
force plate, the center of pressure, the angle of the bar and the EMGs of m. gastrocnemius,
m. tibialis anterior, m. biceps femoris, m. rectus femoris, m.  erector spinae, m. triceps
brachii and m. biceps brachii. The motion of balance response was photographed using
a video camera.

The results were :

1) In the advanced stage of learning, the muscle activity after weight-load started
more earlier at the back muscles of the trunk and lower extremity than at m. biceps
brachii on elbow flexion trial, and at m. erector spinae than at the back muscles of lower
extremity on elbow extension trial. In the back muscles, the lower the position of the
muscle, the ealier the start of activity. Such a muscle activity was correlated to the
protection against external force to act rapidly on the whole body by elbow extension on
elbow flexion trial and by trunk rotation on elbow extension trial. Since these muscle
participating in postural control showed shorter latency than reaction times, it was
considered that such a postural control was done anticipatively.
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2) With the advancing of learning, the backward movement of the center of pressure
and the activity of m. tibialis anterior were neumarously recognized before the moment
of weight-load. These had a strong influence on the balance response after weight-load.

3) In the motion of balance response after weight-load, the subjects who did windsurf-
ing used knee flexion and the other subjects didn’t use it. The degree of elbow extension
motion on elbow flexion trial showed a big difference among the subjects. These
differences had a strong influence on the balance response.
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Fig. 1 Posture and apparatus for experiment
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Fig. 2 Typical record of the pressure and the center of pressure
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Table 2 Changes of the pressure on force plate
and the center of pressure after weight-load

elbow flexion elbow extension

name WL~CPf CPf~CPb WL~CPf CPf{~CPb

(ms) (ms) (ms) (ms)
Y. Y 128 498 96 1205
T.N 123 702 109 1055
S.M 126 681 106 780
K. K 138 727 110 1723
H. T 155 995 105 603

X 126.0 720.6 105.2 1073.2
SD 7.46  159.25 4.96 386.52
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Fig. 3 Record of pressure, center of pressure, angle of bar and
EMGs in the third trial with elbow flexion (suject T. N)
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Fig. 4 Record of pressure, center of pressure, angle of bar and
EMGs in the third trial with elbow flexion (suject Y. Y)
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Fig. 5 Record of pressure, center of pressure, angle of bar and
EMGs in the third trial with elbow flexion (suject H. T)
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Fig. 6 Record of pressure, center of pressure, angle of bar and
EMGs in the first trial with elbow extension (suject T. N)
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Fig. 7 Record of pressure, center of pressure, angle of bar and
EMGs in the third trial with elbow extension (suject Y. T)
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Fig. 8 Record of pressure, center of pressure, angle of bar and
EMGs in the third trial with elbow extension (suject H. T)
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Table 3 The presence (0) or absense (X) of the backward movement
of the center of pressure (CP) and the activity of m. tibialis anterior
(TA) preceded the weight-load

~ Subject
Y Y TN~ S.M K. K H. T
CP TA CP TA CP TA CP TA CP.TA
g 1 /X 0 X X X X X X X X
&% 20 0o 0. 0 0 0 X X X X
€ 3]0 0 o0 o0 0 0 X 0 X 0
8 1|X o0 0o 0 X 0 X X X X
f€ 2 |X 0 X 0 X 0 0 0 X X
®¥ 3|0 o0 X 0 X 0 X 0 0 0
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