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Development of Knee Ankle Foot Orthosis for Gait Rehabilitation
Training using Plantaflexion and Knee Extension Torque

28 dME S EFE 2 ek Al
(Kyung Kim', Jae-Jun Kim', Min Heo', Gu-Young Jeongl, Myoung-Hwan Ko', and Tae-Kyu Kwonl)
'Chonbuk National University

Abstract: The purpose of this study was to test the effectiveness of a prototype KAFO (Knee-Ankle-Foot Orthosis) powered by
two artificial pneumatic muscles during walking. We had previously built powered AFO (Ankle-Foot Orthosis) and KO (Knee
Orthosis) and used it effectively in studies on assistance of plantaflexion and knee extension motion. Extending the previous
study to a KAFO presented additional challenges related to the assistance of gait motion for rehabilitation training. Five healthy
males were performed gait motion on treadmill wearing KAFO equipped with artificial pneumatic muscles to power ankle
plantaflexion and knee extension. Subjects walked on treadmill at 1.5 km/h under four conditions without extensive practice: 1)
without wearing KAFO, 2) wearing KAFO with artificial muscles turned off, 3) wearing KAFO powered only in plantaflexion
under feedforward control, and 4) wearing KAFO powered both in plantaflexion and knee extension under feedforward control.
We collected surface electromyography, foot pressure and kinematics of ankle and knee joint. The experimental result showed
that a muscular strength of wearing KAFO powered plnatarfexion and knee extension under feedforward control was measured
to be lower due to pneumatic assistance and foot pressure of wearing KAFO powered plnatarfexion and knee extension under
feedforward control was measured to be greater due to power assistance. In the result of motion analysis, the ankle angle of
powered KAFO in terminal stance phase was found a peak value toward plantaflexion and there were difference of maximum
knee flexion range among condition 2, 3 and 4 in mid-swing phase. The current orthosis design provided plantaflexion torque
of ankle jonit in terminal stance phase and knee extension torque of knee joint in mid-swing phase.

Keywords: knee-ankle-foot orthosis, plantaflexion torque, knee extension torque, gait rehabilitation
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Fig. 1. Knee ankle foot orthosis for gait rehabilitation training.
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Table 1. The specification of the artificial pneumatic muscle.
Specification
Diameter 20 mm
Length 210 mm
Weight 40 g
Pull 12 kg
Max Pull 20 kg
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assist(A, B: artificial pneumatic muscle, C, D: foot
pressure sensor, E: absolute encoder).
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Table 2. Experimental condition.

Condition
Experiment 1 without KAFO (baseline)
Experiment 2 with KAFO and no assistance

Experiment 3| with KAFO and only assistance of ankle

Experiment 4 | with KAFO and assistance of ankle and knee
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Table 3. Specification of Pedar-X system.

Specification
Dimensions 150x100x40 mm
Weight 400 g
Number of sensors(max) 256(1024)

8 MB internal flash
fiber optic/USB and Bluetooth TM
Windows
fiber optic/TTL, in and out
Li-Ion battery

Measurement frequency
Storage type
Operation system

Sync option

Power supply

Insole sizes 22 to 49 (european)
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