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Standing function restoration by functional electrical stimulation
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On the standing function restoration of paraplegics using Functional Electrical Stimulation,
1) feedback posture contrel was applied for stable standing, and 2) the cause and effect of muscle
fatigue during standing was discussed.

Two I-PD feedback controllers were applied for the control of the ankle joint angles in order
to stabilize the paraplegic standing posture. The presented control system reduced the fluctuation
of the T5 paraplegic standing posture in sagittal plane. The fluctuation length of the center of
pressure with feedback control was less than 75 percent of it with the open-loop control while 30
seconds standing between parallel bars.

The muscle fatigue is also one of the serious problems of FES, because the possible standing
time is limited by the fatigue. The standing postures with long leg brace {LLB} and with two
channels FES were analyzed. The knee joint flexion moment was calculated with the relationship
between the center of pressure and the knee joint position. The estimated knee joint flexion
moments were 16 Nm (FES) and 28 Nm (LLB). The average moment of three normal subjects was
14 Nm in extending direction. It was found that the knee joint moment of a paraplegia is
significantly greater than it of normal subject. This large knee flexion moment was one of the

reasons of the quadriceps muscle fatigue.
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