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Fig.3 Average and standard deviation of measured
ankle joint stiffness
The subject was visually stimulated by a mov-
ing image with and without gaze. The error
bars represent the standard deviation {(#=10).
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Fig.4 Measured ankle joint stiffness during visual
stimulation with gaze (*#<0.03, **p<0.005, n=
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Fig.5 Trajectory length of center-of-pressure during
30.s quiet standing during visual stimulation
with gaze
The same subjects were measured with the
subjects in Fig. 4 (*#<0.01, n=9.
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Table 1 Average of head and eye movement induced
by head perturbation under head-mounted
display environment {x=>5}

Head Eve
Amplitude {deg) 23.6 5.72
Duration (s} 0.52
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Effect of Visual Stirmulation Using Head-Mounted Display on Postural Stability and
Ankle Joint Stiffness®

Kinya Funta,** Hideki SaTo**

Ankle joint stiffness was measured while visual stimulation was applied to quietly standing ten healthy subjects
using head-mounted display (HMD). The presented image consists of eight horizontal stripes moving up and down in
8 and 32 seconds cycle, with and without a fixed (non-moving) point display. The measured ankle joint stiffness during
the visual stimulation with a fixed point showed the intermediate value between the eyes-open and the eyes-closed
conditions, while the visual stimulation without a fixed point induced the larger stiffness as expected. The less stiffness
due to the fixed point than eyes-closed condition was confirmed in other nine healthy subjects with the same visual
stimulation protocol but at 4, 8, 16 and 32 seconds cycle. The trajectory length of the center-of-pressure was also
measured on the same subjects. The better postural stability than eyes-closed condition was confirmed in the both
methods. It was hypothesized that the position error between the actual gaze point and the presented fixed point was
induced by vestibular reflex, and the subject detected the postural information from that error. The head position and
electro-oculogram was measured in five subjects wearing HMD and vestibular reflex was ohserved. It was revealed that
gazing a point improves the postural stability presumably by contribution of vestibular reflex, even in a case gazing
point does not provide position information such as HMD environment.

*Received on July 24th 1998, Revised on January 16th 1999
**Faculty of Engineering, Iwate University
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