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A New Voluntary Exercise using Robot Suit for Patients Having Difficulty
in Active Movement
—Clinical Application to Severe Paraplegic Patients—
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Tomohiro Havyashi,” Koichi IwaTsuki,” Masato Hasecawa,” Miki Tacami,” Yoshiyuki SANKAI

Abstract The importance of voluntary exercise and sensory input in rehabilitation training after spinal cord
injury (SCI) or cerebrovascular disease has been demonstrated by recent studies. However, the voluntary
exercise is an impossible task for severe paraplegic and hemiplegic patients who cannot move their lower limbs
by themselves. The purpose of this study is to verify whether these patients can perform a new voluntary
exercise by using a robot suit which generates walking motion in place of the wearer’s paralyzed muscles by
detecting their voluntary bioelectrical signals. Two severe SCI patients who can barely produce neuromuscular
activation but cannot move their lower limb participated in this study. Experimental results demonstrated that
the robot suit was able to detect their voluntary neuromuscular activities via bioelectrical signals and provide
stepping and walking motion having appropriate temporal relationship with the voluntary activities. In addition,
the proposed voluntary exercise using the robot suit can significantly promote neuromuscular activities of the
target muscles more than passive exercise.

Keywords : robot suit, rehabilitation training, voluntary exercise, sensory input, spinal cord injury.
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Fig.1 BWS treadmill walking with the robot suit HAL-
HTO1A.
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Fig.2 Phase transition conditions. The thresholds for the
trigger bioelectrical signals are determined for each
leg.
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Fig.3 Phase transition based on the bioelectrical trigger
signal and estimated stance limb.
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Fig.4 Mean patterns of the trigger bioelectrical signal.
These are calculated from 20 steps of the trigger
signals measured from the right leg of P1. In the
passive exercise, the bioelectrical signal was increased
after starting the motion assistance for the single
stance phase by the robot suit (Arrow A). In contrast
it was increased before starting the assistance in the
new voluntary exercise (Arrow B).
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Fig. 5 Boxplot of the trigger bioelectrical signals at phase
shifting from the double-stance phase.
*p < 0.01,n = 20.
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Fig. 6 Integrated bioelectrical signals during the swing
phase (P1) or the single-stance phase (P2). Error bars
indicate standard deviations. *p < 0.01, n = 20.
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