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Introduction

Rehabilitation in the acute phase after stroke is au
important treatment for improving patients’” func-
tional outcomes.” ¥ The hybrid assistive limb (HAL)
suit is a wearable robot that estimates the wearer's
motion intention and enhances their motion in real
time. The HAL suit enhances motion by detecting
bivelectrical signals (BESs).” recorded and amplified
from hip and knee extensors and flexors via elec-
tromyvography electrodes, and has been developed
for the assistance of stroke patients. The HAL suit
can aid rehabilitation using muscle activity and has
the potential to intensify feedback. HAL-induced
motion might also evoke sensory input. which has
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was to invesligate the effectiveness of acute phase hybrid assistive
atients after stroke by measuring the difference in the severity

lled in this prospective cohort study. HAL train-
ber of sessions was 3.9 + 2.7. The walk-
ally adjustable body weight support and speed

hvhrid assistive limb. acule phase rebahilitation, stroke

a favorable feedback cffect on the central nervous
system for the recovery of locomotor function.”
Although some studies have evaluated the efficacy
of rehabilitation using the HAL for the recovery of
chronic phase patients after stroke, studies on acute
phase rehabilitation after stroke with HAL are rare.”
The purpose of the present study was to investigate
the effectiveness of acute phase HAL rehabilitation
training for patients after stroke by measuring the
difference in the severity of paralysis.

Materials and Methods

This study was approved by the Ethics Commiltee
of Fukuoka University Hospital. Betwoen November
2011 and May 2014. a total of 100 patients have
undergone rehabilitation training using the HAL

487



488

in Fukuoka University Hospital. including 59
with stroke. 16 with brain tumor, 16 wilh spinal
disease, and 9 with other condilions. With the
exceplion of six convalescent phase stroke patients,
53 acute phase stroke patients were enrolled in
this prospective cohort study. The training was
performed by one or two physiothorapists and a
doctor, who had trained to use the HAL system.
In the first rehabilitation session with the HAL,
the double-leg model of the HAL was used. From
the second session, we used either the single-leg
or the double-leg model, according to the patients’
condition: i.e., the single-leg model was mainly used
for cases of hemiplegia and the double-leg model
was for cases of ataxia and paraplegia.” The physi-
otherapist provided instructions and foedback to the
patient. and a large monitor showing the status of
HAL was placed in front of the palient (Fig. 1). The
patient was able to learn the moving position of

Fig. 1 Patient performing treadmill locomotor training
with the hybrid assistive limb (I1AL) and body weight
support system suspended.

Table 1 Patient profiles

Brunnstrom stage ) 1 L
7?";?:71111]& (J—f puﬁm-ﬂ.: - 7 3
Male : Female §i2 1:1
Age 63.7 £ 14.7 6.4 = 6.2
s 10.4 £ 2.4 13.8 2 1.6
Numbeor of training days 13.0 £ 13.1 42 £249
Number of sessions 34+22 26+ 1.1

GUS: Glasgow Coma Seale.
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their center of gravity in real time, which allowed
visual feedhack.

Training started with the Cvbernic Voluntary
sontrol (CVC) mode providing complete control
using BES. which was recorded by skin-surface
electromyographic eloctrodes placed on the rectus
femoris, vastus lateralis. gluteus maximus, and
hiceps femoris muscles. The HAL recorded the BES
generated by the patient's muscle activities and
floor reaction furce caused by the patient's intended
weight shifts, and the patients operated the HAL
by adjusting their muscle activitics. Therefore. the
HAL was able to conduct training by providing
motion support in response to the patient’s volun-
tary drive. HAL training was administered aboul
twice per week. and the mean number of sessions
was 4.9 £ 2.7, Alter the HAL suit was attached to
the patients. knee flexion and streteh and sit-to-
stand training were performed. During the training,
the physiotherapist checked the BES and adjusted
the motor assist level of the HAL. Next. the wilking
training was performed on a treadmill with indi-
vidually adjustable body weight support and
speed. Patients underwent a 10-m walk test {(TONMWT)
Lefore and after each session. The training was
supervised by physiotherapists and a medical doctor.
Assessment at baseline and at endpoint consisted
of the Glasgow Coma Scale (:CS). Revised Hasega-
wa's Dementia Scale (HDS-R). Brunnstrom slage
(Brs). Functional Independence Measure (FINM),
Barthel Index (BI). and the 10MWT. We measured
LOMWT in patients at the start of the first walking
training session and at the end of the final training
session; both measurements were made without
the HAL.

We divided the 53 patients into 6 groups by
severity of Jower-limb paralvsis according to Brs
(Table 1). Brs was used to assess motor recovery of
the paralvtic lower limb, " and was categorized as
follosws: Brs I (n = 7), Haccid paralysis: Brs 1l (n = 5),
increased muscle tone without active movement:
Brs II (n = 12). increased muscle tone with active

o o v vV VI
12 7 12 '_._1‘()” -
57 210 il 1:6
60.8 + 15.5 (2.0 £ 21,5 63.1 = 13.2 650.8 £ 23.0
134 =21 13.7 = 1.8 144 =1.1 4.7 = 0.9
17.0 = 10.7 1th4 £ 5.2 111 2126 81 =24

BB +.3.4

4.7

i H

3.0 d ekt h 2b+1.8
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Table 2 Baseline and endpoint data in different Brunnstrom stages, mean + range

Effectivensss of Acute Phase HAL Rehabilitation

Brunnstrom stage 1 Il
Barthelindex  Bofore 20276  11.0 £ 16.7
After 57298  149.0 + 20.1
FIM Before 2000 = 2.0
After 28.0 = 9.6 N/A
Speed (m/s) Before
Alter NZA N'A
Steps Before
After N/A

N/A

FIM: Functional [ndependence Measure, N/A: not applicable

movement, mainly in rigid extension synergy; Brs
IV (n = 7). increased muscle tone with alternating
grass movement in extension and flexion synergies;
Brs V (n = 12), normal muscle tone with some degree
of selective muscle control: and Brs VI (n = 10),
nnrmal muscle tone and control.

To evaluate the feasibility of training with the
HAL, the outcome measures of BI, FIM. and speed
and number of steps of I0MWT were compared
before and after training using a paired Wilcoxon's
signed-rank test in different Brs, Statislical differences
of p < 0.05 were considered significant. Data analvsis
was performed using SPSS version 21.0.] (IBM Corp.,
Armonk, NewYork, USA).

Results

Table 1 swnmarizes patient information for cases in
dilferent Brs before training. Table 2 summarizes BI,
FIM, and speed and steps of 10MWT before and after
training. These data are shown as mean * standard
deviation (SD). Fig. 2 shows the mean improvement
concerning Bl in all different Brs belore and alter
training, and statistically significant differences were
seen in Brs LV, and VI Fig. 3 shows a change in
the mean of the FIM; the score increased in Brs 1. 111,
IV, and V1. In Brs II. the FIM was not available because
we did not measure it in this group. Fig. 4 shows
that all patients increased their gait speed from before
to after training assessments except for two patients
in Brs IV and one patient in Brs V. We observed
a significanl increase in gait speed in Brs V' and
VL. Fig. 5 showed that the number of steps was
decreased in all palients except for one patient in
Brs IV, and a significant dilference was seen in
Brs V and VI In Brs I and 1l speed and steps of
TOMWT were not available: the patients had difficulty
in 10-m walking in this group because of their severe
paralysis.
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11 IV ¥ V1
17,5 219.8 30,7 £27.9 404 £ 249 6.0 £ 22.6
35.8 +23.2 51.4 £33.3 58.3 £ 261 70.0 = 20.8
42,8 = 20.0 63.0 £ 11.3 723 =213 84.6 = 44,1
72,8+ 19.4 80.0 = 14.1 71.9%17.6 107.0 = 19.0
0.2+0.1 04 + 0.2 0.7 = 0.3 0.5 =03
04z 0.1 04 = 0.2 0.8 = (0.4 0.9+0.3
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Fig. 2 The average of BI in each Brs belween before
and after training. Significant amelioration was seen in
Brs III. V. and VI. BI: Barthel index, Brs: Brunnstrom
sltage, *p < 0.05: Wilcoxon's signed-rank test,
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Fig. 3 The average of the FIM in cach Brs between before
and afler training. The scores were significantly amelio-
rated in Brs L II, I1I, and VI. FIM was not measured in
Brs II. Brs: Brunnstrom stage, FIM: Functional Independ-
ence Measure,
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Fig. 4 Change of gait speed in 10-m walking test for patients afler HAL training. a: Brs IIL, b: Brs IV, c: Brs V,
d: Brs VI. All patients increased gait speed from before to after training assessments except for lwo patients in Brs
IV and one patient in Brs V. We observed a significant increase in gait speed in Brs III and IV. Brs: Brunnstrom
stage. HAL: hybrid assistive limb. "p < 0.05; Wilcoxon's signed-rank test,

a 70 b 7o
Brs Il p=0.0~ Brs I\: p=1.00
60 - 60 ;
§' 40 - S é 40 - _— N B f
Z 30 "y 7 30 T 1
S 4 - 20 ;
10 10 E
0 - o 0 .
Before training Alter training Before training After training -
70 70
£ Brs V. p=0.02* d Brs\1 p=002+ :
60 60 -
50 s0 L
£ 40 T g 40 e ———
Z 30 Z 30 - 4
20 20 T
10 - 10
0 (4]
Before training After traiming Before training After training

Fig. 5 Change of number of steps in 10-m walking test for patients after HAL training. a: Brs 1. b: Brs 1V, ¢: Brs
V. d: Brs VI, The number of steps was decreased in all patients except for one patient in Brs IV, and significantly
decreased in Brs III and IV. Brs: Brunnstrom stage, HAL: hybrid assistive limb. *p < 0.05; Wilcoxon's signed-rank test.
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Discussion

Some past reports have demonstrated electrome-
chanical devices for gait rehabilitation, such as
the Lokomat,' < Gait Trainer.'” and Gait Master,"
These devices were developed to help patients in
the swing phase, and control patient movements
using a personal computer to assist them in moving
their legs in a physiological gait pattern on a moving
treadmill. Patients cannot influence the motion by
themselves because these systems use a fixed gait
pattern. The HAL for the lower limbs is a robotic
suit that assists voluntary control of knee and hip
joint mation by the detection of BES on the skin
surface. It generates power-assisted torque by ampli-
fving the patients’ joint torque. which is estimated
by the BES recorded on their skin. The HALSs
characteristic feature is that it is a wearable robot
that estimates the wearer's molion intention and
enhances his or her motion in real time. The HAL
suil can potentially intensify feedback when aiding
rechabilitation using muscle activity. HAL-induced
motion might also evoke sensory input. which has
a favorable feedback effect on the central nervous
system toward recovery of locomotor function.™

Many recent studies have reported the efficacy of
rehabilitation using the IALM "7 It is difficull 1o
dircctly compare these studies and our study becanse
of differences in disease, severily and duralion of the
disorder. rohotic features, methods of investigation, and
vutecome measures. Some studies have demonstraled
that HAL rehabilitation is feasible and safe in the
acute phase after stroke.®’ Studies of chronic phase
rehabililation with the HAL have been performed
a number of times; however, frequent training with
the AL for palients in the acute phase is not easy
because an early transfer tu a convalescence hospital
is needed. An improvement was also seen in B, FIM.
and speed and number of steps of 10MWT in our
study. despite the small amount of training with the
HAL (average of about four sessions). which implies
the usefulness of the HAL in acute phase rehabilita-
tion. To investigate our findings on the feasibility of
training using the HAL, we explored the effectiveness
of the HAL in each of the subgroups based on Hrs,
Except for Brs IV. all Brs Ill or higher subgroups
displayed significant amelioration in BI, and the
Brs III subgroup displayed significant amelioration
in FIM. The Brs V and VI subgroups displayed
significant amelioration in the speed and steps of
10MWT. These results suggest lhat training with
the HAL was effective for patients with lower-limb
paralysis of Brs Il or higher.

In this study. patients with severe hemiparesis,
such as those in Brs I and I, did not show significant

Neurol Med Chir { Tokvo) 55, June, 2015

amelioration in all the BL FIM, and 10MWT, possibly
because the HAL could not act effectively on them.
According lo Maeshima el al.," walking while
wearing the HAL suit requires adaptation to a new
gait pattern and coordination of movements, and
severely hemiplegic patients may experience diffi-
culty in rapidly adapting to a new gait pattern. One
reason is that it is difficult for severely hemiplegic
patients to perform activities using their muscles
because the HAL suit uses only weak BES to provide
power assistance, resulting in decreased walking
speed. To address this problem. before we starled
gait training with the HAL for severely hemiplegic
patients in particular, we performed sit-to-stand
training and balance training in a standing position.
This training was done because it w (Juld aid the
patients in producing BES."" We made the best of
training with [IAL although there were no significant
improvements of BI, FIM. or 10MWT in our study
for patients with severe hemiplegia.

Kubota et al.” showed that the improvement in
gail speed with HAL training was mainly brought
about by improvement in cadence, and HAL training
improved stride frequency more than stride length:
this finding is in agreement with that of a previous
robotic training study.* In our study, the Brs V and
VI subgroups showed a significantly increased 10MWT
speed and a decreased number of steps. It was thought
that patients with mild paralvsis could produce
relatively strong BES and that the HAL acted on
them more effectively. and the improved walking
rate and decreased number of steps in TOMWT were
a result of the walk balance improving via training
with the HAL.

The mean number of sessions in this study was
3.9 = 2.7; the SD was high. One reason is that 10
of the 53 patients could undergo rehabilitation
with the HAL only once, mainly because it did not
accommodate their height or abdominal circumler-
ence, and because acute phase patients did not find
it easy to receive instruction and to comprehend
the use of the HAL because of their reduced higher-
order brain lunctions.

Study Limitations

This study had some limitations. This study was not
a randomized controlled trial and could not compare
the efficacy of HAL training with conventional reha-
bilitation. Because only a small number of patients
were included in each Brs subgroup, the statistical
power was low. We could not exclude pathological
bias because the term “stroke" was used for both
brain ischemia and brain hemorrhage. Further studies
are necded to assess the HAL's effectiveness.
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Conclusion

In acute phase rehabilitation after stroke. the HAL
was Tound to be more effective for patients with less
lower-limb paralysis. such as Brs III or more. When
using the HAL for severely hemiplegic patients. it
might be useful to record stronger BES to perform
sit-to-stand training and balance training in a standing
position thoroughly before gait training. Further
studies are necded fo analvze the cffectiveness of
the evaluation and the methods for the effective use
of the HAL.
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