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Functional Improvement by Locomotor Training using the Robot Suit HAL
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Abstract: A wearable robot, named Robot Suit HAL has been developed to assist physical movement in elderly people and
motor-impaired individuals. In the HAL system, actuators in the hip and knee joins can generate assistive torque for
walking. The amount and timing of the assistive torque are controlled by the surface EMG signals in the flexor and
extensor muscles of the hip and knee as well as the signals of foot pressure. In the pilot study, we examined the
effectiveness of locomotor training using HAL on locomotor recovery in chronic motor-incomplete spinal cord-injured
participants. Six of 7 participants completed 16 locomotor training sessions. Increased walking speed in the 10-meter walk
test was observed in all completers. The effect size of the difference in walking speed indicated a nearly large effect
(Cohen’s d = 0.78). Despite the small number of participants, this pilot study showed locomotor training using HAL is

feasible.

Key Words: Walking, Gait, Rehabilitation, Assistive robot, Spinal cord injury

de =2
- AR

FRERECM2E T 72 & OMIRIE BRI X B BT I e
iZxt LT, REEGW LIZIREBTAT v B JaifEE Y
WA HRMABIT R L —= 0 FRERENTEBY, F03H
BN SHERE SN TV B, B OMRERE TITHaE N
BOMENICHEZEINT Z EAREEL 2, ZOHEAICIE

I EA NBEFTERE DM FTRICE AT LERHS.

ZOWEFICE DT VA NTIEE T B N O S EKBARNIE
WICKEL, AT vV IEELZELRNI &0 D
DX O RMES RIS 5N TrR Yy M EIGH L
HBATMIEENHEE SN TWS., REMR Y ALY T—
arrAy ML, AERESOREBEE - BREfIICH 5E—
2 THATELET S Lokomat VLK 2 s 7> 7
L— FOEIX I & o THITE ZET 5 Gait Trainer®72 &2
HIFbhsd. ZoXokeuRy NEREZRVIEEZED
EREEIITFONTEY, VAEUF—3 9 OETFTAIREMER
AR HE STV O,
EAEICENTYH, B hOFKREBEXES HNIZ, S
MEoRy hThHDHaRy hA—> HAL(Hybrid Assistive
Limb)Z23BHI ST 0 @ 19, HAL Ak A2 6ot 4k e
BRLETTTICHHENBD TS (M1). HohL K
ESNTBTRZ = a3 5 2 E COBRITRBIEE
EIXE2 Y, HAL Tl PRGOS L # & & v
7L, ERLOEREZICKBEECBBESIICT ST
VARMRMLVIORESIRHAIVIHRHATEIND. ZOH|
BFEILY A = v 7 FEE I (cybernic voluntary control:
CVO) LI D . E£72, FIEEIEN O FHI K #E722 E 12
RLUTiE, BREE®REEICHITHEODSCZ ML 252

-
s —

Fig. 1 Robot Suit HAL (Hybrid Assistive Limb)
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Table I Outcomes from 10-meter walk test pre- and
post-intervention
Pre Post Difference
Mean (SD) | Mean (SD) | Mean (95% CI)
Walking 0.09
speed (m/s) 0.34(0.27) | 042(0.32) (-0.03 to 0.20)
Cadence 7.4
(steps/min) | 002 G0 1 676 Q7.1 1 55142
Number of -3.2
steps (steps) 39.7 (18.8) | 36.5(18.7) (-72 10 0.9)

Abbreviation: CI = confidence interval.
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