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Abstract

The lower limb orthosis with a pneumatic rubber actuator, which is intended for the assistance and the enhancement of muscular activities
of lower limbs was developed in this study. Compared to other knee extension assistive devices being developed by other researchers, our
device is designed especially for the elderly people and intended only for slight assistance so that the subjects can keep their muscular
strength. For the effectiveness of system, muscular activities of major muscles in lower limbs during sit-to-stand (STS) and squat motion
were measured and analyzed. Subjects were performed the STS and squat motion with and without lower limb orthosis. We made
comparison muscular activities between with and without lower limb orthosis. Lower limb orthosis was controlled using muscular stiffness
force feedback that is controlled by muscular activities of the measured muscle from force sensor. For analysis of muscular activities,
electromyography of the subjects was measured during STS and squat motion, and these were measured using MP 150(BIOPAC Systems,
Inc.). Muscles of interest were rectus femoris(RF), vastus lateralis(VL), vastus medialis(VM) and vastus intermedius(VI) muscles in lower
limbs of the right side. A biodex dynamometer was used to measure the maximal concentric isokinetic strength of the knee extensors of
wearing and not wearing orthosis on right side. The test were performed using the concentric isokinetic mode of test with the velocity set at
60°/s for muscles around the knee joints. The experimental result showed that muscular activities in lower limbs wearing orthosis using
muscular stiffness force of a vastus medialis muscle was reduced and knee extension torque of an knee joint wearing lower limb orthosis was
increased. With this, we confirmed the effectiveness of the developed lower limb orthosis.

Key words : muscular stiffness force feedback, lower limb orthosis, knee extension motion
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Fig. 1. lower limb orthosis with pneumatic artificial actuator (a) front part, (b) side pa
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Table 1. Specification of pneumatic rubber actuator
| Diamefer Length . Weight Pull- Max Pull
20 mm 210 mm 40 g 12 kg 20 kg
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Fig. 2. Block diagram of feedback control using muscular stiffness force
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Table 2. Analysis of muscular fatigue to feedback control in squat motion

Rectus Teméﬁsﬂm. part 1 par 2 part 3 part 4 part 5 decreasing rate(%)
without feedback control 144 142 140.48 137.86 134.48 6.61
with feedback control 141.11 138.52 13611 134.48 132.86 586

Rectus femoris m. part 1 parf,\ 2 ‘port 3 part 4 part' 5 decreasing rate(%)
without feedback control 159 156.12 163.73 152.61 149.61 5.91
with feedback control 157.61 154.61 152.5 150.55 148.83 5.57
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Fig. 12. Comparison of the Muscular fatigue of rectus femoris muscle to the feedback control in squat motion (* p<0.05)
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Fig. 14, Ratio of muscuiar activities increasing of the feedback control
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