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Purpose: This trial aimed to validate the effectiveness of using the Gait Exercise
Assist Robot (GEAR) in patients with hemiplegia after primary stroke. Methods: The
study design was open-label randomized controlled trial. Twenty-six patients with
hemiplegia after primary stroke admitted to the comprehensive inpatient rehabilita-
tion wards were enrolled and randomized to a group using GEAR in gait training
and a control group. The intervention period was 4 weeks. Evaluations were con-
ducted at admission, during intervention period, 8 weeks from start of intervention,
and at discharge. Primary outcome measure was improvement efficiency of Func-
tional Independence Measure (FIM)-walk score (FIM-walk improvement efficiency)
that was calculated at the time of achieving FIM-walk score 5 (supervision level)
during the intervention period or as weekly gain in FIM-walk score during 4 weeks
for those who did not achieve score 5. Results: FIM-walk improvement efficiency was
7 £ 4 in GEAR group and 4 & .3 in control group, and was significantly higher in
GEAR group (P = .01). The FIM-walk score gain after 4 weeks was significantly higher
in the GEAR group (P = .01), but there were no significant differences between 2
groups after 8 weeks and at discharge. Conclusions: Gait training using GEAR for 4
weeks improved walking ability of subacute stroke patients. GEAR contributes to
early improvement of walking ability probably by the knee flexion assist during
swing phase on the paralyzed side thereby increasing the volume of training, and by
the finely adjustable stance/swing assist mechanism for the paralyzed limb which
optimizes the training difficulty level.
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Introduction Mehrholz et al'” has shown that gait training assisted by
In gait rehabilitation for stroke patients with hemiple- various devices in combination with physiotherapy
gia, gait training is conventionally conducted using lower improves the acquisition of independent walking com-
limb orthoses. In recent years, however, much interest has pared to gait training without these devices. Previous
been directed to training using robots that have advanced studies have reported the outcomes of combined use of
the lower limb orthoses. The review published by robotic devices such as Lokomat® and Gait Trainer® in
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gait training, and most reports have shown that these
devices are effective in improving gait independence.””
On the other hand, other studies have shown that gait
training using robotic devices does not significantly
improve gait independence compared to conventional
physiotherapy.*” Hence, the usefulness of robotic devices
remains a matter of debate.

Fujita Health University and Toyota Motor Corporation
collaborated to develop the Gait Exercise Assist Robot
(GEAR) for supporting gait training.'” GEAR is the proto-
type of Welwalk WW-1000 that has subsequently obtained
approval for use as a medical device. The GEAR system con-
sists of a wearable knee-ankle-foot orthosis robot, a low floor
treadmill, a safety suspending device, a robot body weight
support device, a monitor for patient use, and a control
panel. To apply the motor learning theory, GEAR allows
multi-stage and optimal adjustment of the level of difficulty
for gait training. GEAR possesses functions of multi-stage
adjustments of the level of assist for knee joint extension dur-
ing stance phase of the paralyzed side, the angle of knee
joint flexion during swing phase of the paralyzed side, and
the amount of body weight support at the paralyzed foot.
With these functions, even patients with severe paralysis
can practice treadmill gait training with minimally essential
assistance. This feature of high assist adjustability makes it
easy to set multi-stage difficulty level. Furthermore, since
the knee-ankle-foot orthosis robot flexes the knee point dur-
ing swing phase, and the body weight support device sup-
ports the weight at the paralyzed foot, the patient can
execute swing-out easily, which possibly increases the
cadence (steps/minute) and enhances the volume of gait
training. Visual feedback for the position of foot contact
with the floor and audio feedback regarding weight bearing
on the paralyzed lower limb are also available.

In a retrospective study conducted by Hirano et al,'’
stroke patients with hemiplegia who used GEAR had
higher improvement efficiency of independent walking
compared to a historical control group. However, due to
the retrospective design, the possibility of introducing
biases cannot be denied. We conducted a randomized con-
trolled trial in which stroke patients with severe hemiplegia
admitted to the comprehensive inpatient rehabilitation
wards of our hospital were randomly assigned to use or
not use GEAR. We report the trial results.
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Subjects and Methods
Trial Design

Open label randomized controlled trial.

Participants

Among the patients with hemiplegia after primary
stroke admitted to the comprehensive inpatient rehabilita-
tion wards of Fujita Health University Nanakuri Memo-
rial Hospital, those with evaluation results at admission
which satisfied the following inclusion criteria: age from
20 to 79 years, Stroke Impairment Assessment Set'? total
lower limb motor function score (SIAS-L/E) 0-3, Func-
tional Independence Measure'® (FIM)-walk score 1-3,
FIM-comprehension score more than equal to 3, FIM-
social interaction more than equal to 3, FIM-memory score
more than equal to 3; and who gave informed consent
were recruited as subjects. FIM is activities of daily living
scale consisting of 13 motor items and 5 cognitive items.
Each item is scored from 1 to 7. Therefore, the total score
of motor items ranges from 13 to 91 and that of cognitive
items ranges from 5 to 35. However, patients with loading
restriction during gait training, patients with peripheral
nerve disorder, and patients with joint contracture were
excluded (Table 1). This clinical trial was approved by the
ethics committee of Fujita Health University. All subjects
gave informed consent before participation in the trial.
Hirano et al'' studied 12 patients to evaluate the effective-
ness of GEAR. Since the inclusion criteria of the present
study selected patients with more severe motor dysfunc-
tion on the hemiplegic side than Hirano’s study, greater
data variation was anticipated. Therefore, the goal of
recruitment was 12 patients in each group, or a total of 24
patients, which was 2 times the number in the report of
Hirano et al'' Eventually, the trial was completed with 13
patients in each group, or a total of 26 patients.

Intervention

The GEAR system used in the present trial was a gait
training assist robot developed jointly by Fujita Health
University and Toyota Motor Corporation. GEAR consists
of a wearable knee-ankle-foot orthosis robot, a low floor
treadmill, a safety suspending device, a robot body

Table 1. Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

eHemiplegia after primary stroke

oAge: 20-79 y

® Admission SIAS-L/E score: 0-3

® Admission FIM-walk score: 1-3

® Admission FIM-comprehension score: >3

® Admission FIM-social interaction score: >3
® Admission FIM-memory score: >3

ePatient with training restriction due to cardiac or respiratory dysfunction
®Resting systolic blood pressure >160 mmHg

®Resting diastolic blood pressure >100 mmHg

ePatient with lower limb circulatory disorder or peripheral nerve disorder
ePatient with severe joint contracture or deformity

ePatient with visual or auditory impairment hindering training

Abbreviations: FIM-walk, Functional Independence Measure-walk; SIAS-L/E, Stroke Impairment Assessment Set-total lower limb motor score.
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weight support device, a monitor for patient use, and a
control panel. The knee-ankle-foot orthosis robot has a
motor to flex or extend the knee joint, with 1 degree of
freedom for the knee joint and 1 degree of freedom for the
ankle point. Using an ankle joint angle adjusting pin, the
range of motion of the ankle joint can be adjusted between
plantar flexion 10 degrees and dorsiflexion 30 degrees,
either fixed or as a movable range. The plantar region of
the robot is equipped with a weight-bearing sensor. The
stance phase and swing phase are judged from the data of
the weight-bearing sensor, and flexion or extension of the
knee joint is affected at the appropriate timing by a motor
equipped in the knee joint. The knee extension torque in
stance phase can be adjusted in 10 stages from level 10
(maximum) to level 1 (minimum). At level 10, the
knee joint is fixed at the extended position; and at level 1,
there is no assist for knee joint extension. The knee flexion
angle in swing phase can be adjusted within the range of
10-60 degrees. Another assist mechanism during swing
phase is the robot body weight support device, which can
be adjusted in 6 stages from level 6 (maximum) to level 1
(minimum). At level 6, a weight of approximately 2 kg is
supported in a vertical direction, in addition to the weight
of the robot. At level 1, the weight support is .5 kg less
than the weight of the robot. Regarding feedback func-
tions, visual feedback and audio feedback are available.
Visual feedback is provided by a monitor facing the
patient, which shows the frontal image, the lateral image,
or the foot image of the walking patient. Audio feedback
generates warning sound or sound effect indicating suc-
cess according to the amount of weight-bearing on the
lower limb wearing the robot in stance phase and the
knee joint flexion angle. As an optional mechanism,
the hip joint effects swing out at external rotation position
of the paralyzed lower limb during swing phase of the
paralyzed side, and reduces hip joint instability during
stance phase of the paralyzed side.

The intervention period was 4 weeks from 1 week after
admission. The rehabilitation protocol of the GEAR group
consisted of physiotherapy 60 minutes per day, gait train-
ing using GEAR 40 minutes per day, and occupational
therapy 60-80 minutes per day. Gait training using GEAR
was started after the other prescribed training was fin-
ished. A physiotherapy with experience in gait training
using GEAR in at least 3 patients provided intervention
using GEAR. Upon observing the gait of the patient, the
physiotherapist attempted to facilitate swing-out of the
paralyzed side by adjusting the knee flexion angle of
the robot foot, the timing of starting flexion, the time from
starting flexion to reaching the extended position, and
height compensation of the nonparalyzed side. For severe
patients, the walking speed was adjusted and the level of
difficulty was also adjusted by changing the partial body
weight support. In addition, the hip joint was used as
appropriate, according to the gait. Furthermore, as the
paralyzed lower limb became stabilized in stance phase,
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the level of knee extension assist by the robot foot was
reduced gradually. Visual feedback and audio feedback
were used when needed.

The rehabilitation protocol of the control group con-
sisted of physiotherapy 60 minutes per day, conventional
gait training 40 minutes per day, and occupational ther-
apy 60-80 minutes per day. Both groups underwent train-
ing at a frequency of 7 days a week."* The orthosis used
as well as the contents of physiotherapy and occupational
therapy were decided by the attending physician and the
therapists in charge. Speech therapy was conducted
according to the physician’s prescription.

Evaluation was conducted at admission and before
intervention at 1 week after admission. Thereafter, regular
evaluation was conducted at weekly interval for 4 weeks.
Follow-up evaluation was conducted at 8 weeks after the
preintervention evaluation, and at discharge. Hence, a
total of 8 evaluations were conducted. Evaluation items at
admission consisted of lesion type, age, gender, hemiple-
gic side, duration after onset, SIAS-L/E score, and FIM
scores. Regular evaluation items comprised SIAS-L/E
score and FIM-walk score. Evaluation at discharge
included SIAS-L/E score, FIM scores, and gait pattern
(2 point gait or 3 point gait).

Outcome Measure

The primary outcome measure was FIM-walk improve-
ment efficiency'' at completion of 4-week intervention.
FIM-walk improvement efficiency was calculated at the
time of achieving FIM-walk score 5 (supervision level)
during the intervention period or as weekly gain in FIM-
walk score during the intervention period (4 weeks) for
those who did not achieve score 5 (Fig 1). Secondary out-
come measures included gain in FIM-walk score from
before intervention to after 4 weeks of intervention,
8 weeks after start of intervention, and discharge; number
of patients with FIM-walk score 6, gait pattern, and FIM-
M at discharge; as well as SIAS-L/E scores at all-time
points of evaluation.

Randomization

Patients were stratified using the evaluation data at
admission, by combining 4 strata of SIAS-L/E scores 0-3
with 3 strata of FIM-walk scores 1-3, with a total of 12
strata. Randomization within each stratum was done
using random numbers generated on Excel. Using this
stratified randomization method, patients were assigned
to a group that practiced gait training using GEAR
(GEAR group) and a group that practiced conventional
training (control group).

Statistical Methods

Statistical analyses were conducted using SPSS Sta-
tistics 19 (SPSS Inc.). Mann-Whitney U test was used
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FIM-walk 5 - score of FIM-walk at the start of intervention
at the end of

intervention

5 or more
Efficiency =

Number of weeks to reach the score of 5

4 or less

Highest score of FIM-walk - score of FIM-walk at the start of intervention
Efficiency =

Number of intervention weeks

Figure 1. Calculation of efficiency of FIM-walk improvement. Abbreviation: FIM-walk, Functional Independence Measure-walk score.

for intergroup comparisons of age, duration after Table 2. Demographic and clinical data of the subjects
onset, SIAS-L/E score, FIM scores, FIM-walk score,
FIM-walk score gain, and FIM-walk improvement effi-

GEAR Control P value

rou rou

ciency. Chi-squared test was used for intergroup com- . £t £omp

parisons of basic data at admission including lesion Number of patients 13 13

type, gender, hemiplegic side, and orthosis used at Age (y) 55090 61.2+129 .15
Gender (male/female)  11/2 5/8 .02%

admission. A P value less .05 was considered to indi-

cate significant difference. Lision type (.ischemic/ 3/10 3/10 1.00
emorrhagic)
Hemiplegic side 6/7 5/8 .69
Results (right/left)
Duration after onset 259+6.8 31.2+103 .16
The demographic data of the subjects are shown in (days)
Table 2. The proportion of men was higher in the GEAR SIAS-L/E 12+1.1 14+14 .69
group than the control group. There were no significant FIM-walk 22£.6 21£.6 .76
differences in other parameters between 2 groups. FIM-M 356119 3224102 .54
As the primary outcome measure, FIM-walk improve- FIM-C 23.8+£59 21.1+£73 30
ment efficiency was .7 + .4 in the GEAR group and .4 + .3 Orthf)S.iS used in gait 13/0 13/0
in the control group, and was significantly higher in the training (KAFO/AFO)
GEAR group (P = .01) (Fig 2). Abbreviations: AFO, ankle-foot orthosis; FIM-C, Functional Inde-
The time courses of FIM-walk score are shown in pendence Measure-cognitive subscore; FIM-M, Functional Indepen-

dence Measure-motor subscore; FIM-walk, Functional Independence

. . X . Measure-walk score; KAFO, knee-ankle-foot orthosisSIAS-L/E,
tion are shown in Table 3. After 4 weeks of intervention, . .
Stroke Impairment Assessment Set-total lower limb motor score.

the FIM-walk score gain relative to the score before inter- *P<.05, Chi-squared test.
vention was 2.2 £ .6 in the GEAR group and 1.5 &+ .7 in
the control group, with significantly greater gain in the

Figure 3. The FIM-walk scores gain after starting interven-

GEAR group (P =.01). The gains in the GEAR group and FIM-M at discharge were 71.5 £+ 10.1 in the GEAR
control group were 2.6 £ .7 and 2.1 + .8, respectively group and 66.4 % 16.6 in the control group, with no signif-
(P =.09) at 8 weeks after start of intervention, and 3.0 £ .7 icant difference between 2 groups (P = .57) (Fig 4).

and 2.8 + .9, respectively (P =.52) at discharge, with no Figure 5 shows the time courses of SIAS-L/E score in 2
significant differences between 2 groups at both time groups. No significant differences were observed between
points. 2 groups at all the time points of evaluation, but the scores

At discharge, 8 of 13 patients in the GEAR group and 4 tended to be lower in the GEAR group.
of 13 patients in the control group achieved FIM-walk
score 6 or above, and chi-squared test detected no signifi-

cant difference between 2 groups (P = .12) (Table 4). Discussion

Regarding gait pattern, 2-point gait was observed in In this trial, FIM-walk improvement efficiency was
7 patients while 3-point gait in 6 of 13 patients in the significantly higher in the GEAR group, and the gain in
GEAR group. In the control group, 4 of 13 patients FIM-walk score after 4 weeks of intervention was also sig-
showed 2-point gait and 9 of 13 patients showed 3-point nificantly higher in the GEAR group compared to the con-
gait. Chi-squared test detected no significant difference trol group. These results suggest that in patients with

between 2 groups (P = .23) (Table 5). severe hemiplegia after stroke, using GEAR combined
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*

1.4 I

1.2

0.8
0.6 l
0.4

0.2 J

GEAR group

efficiency of FIM-walk

Control group

Figure 2. Comparison of efficiency of FIM-walk improvement between
GEAR group and control group. *P = .01, Mann-Whitney U test. Abbrevia-
tion: FIM-walk, Functional Independence Measure-walk score.

with physiotherapy achieves early improvement of walk-
ing ability compared with not using GEAR. In a retrospec-
tive controlled study using GEAR, the main outcome was
efficiency of walking improvement, and gait training
using GEAR was found to be more efficient.'' The same
result was obtained in the present randomized controlled
trial, validating previous finding.

Why did combined use of GEAR achieve early recovery
of walking ability? Many reports have shown the effec-
tiveness of using lower limb orthosis in gait training for
stroke patients with hemiplegia,'”'® and orthoses are
widely used even at present. However, when a patient
with severe hemiplegia uses an ankle-foot orthosis at the
early stage of gait training, extension of knee joint during
stance phase is difficult, rendering gait training impossi-
ble. Therefore, a knee-ankle-foot orthosis is generally indi-
cated. In fact, knee-ankle-foot orthosis was selected for
early training in all the subjects of the present trial. When
using a knee-ankle-foot orthosis for gait training in which

7

FIM-walk
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Table 3. Gain in FIM-walk score after intervention relative to
the score before intervention

GEAR group Control group P value

At 4 wk after start 224+ .6 1.5+.7 .01*
of intervention

At 8 wk after start 2.6 +.7 2.1+ .8 .09
of intervention

At discharge 30+.7 28+ .9 52

Abbreviations: FIM-walk, Functional Independence Measure-
walk; GEAR, Gait Exercise Assist Robot.
*P = .01, Mann-Whitney U test.

Table 4. Numbers of patients with FIM-walk score 6 or above
and those with score 5 or below at discharge

GEAR group Control group
FIM-walk score >6 8 4
FIM-walk score <5 5 9

Abbreviation: FIM-walk, Functional Independence Measure-
walk.

the paralyzed knee joint is fixed, stability is obtained dur-
ing stance phase but it is difficult to swing out the para-
lyzed lower limb. Hence, assistance is required to launch
the lower limb, and even though the limb is successfully
launched after much effort, the process takes time. As a
result, only low cadence training can be obtained. On the
other hand, when GEAR is used, flexion of the paralyzed
knee joint occurs during swing phase of the paralyzed
side, and appropriate body weight support at the para-
lyzed lower limb is obtained by adjusting the level of
swing assist, consequently allowing the paralyzed lower
limb to swing out easily. These have probably made it
possible to achieve gait at a higher cadence than when
using a knee-ankle-foot orthosis, and provide a greater
volume of gait training. In rehabilitation for gait disorder

*

admission  pre Iw 2w

3w 4w 8w  discharge

-0-GEAR group - Control group

Figure 3. Time courses of FIM-walk in GEAR group and control group. Significant differences were observed between 2 groups at 4 weeks and 8 weeks after
start of intervention (*P < .05, Mann-Whitney U test). Abbreviation: FIM-walk, Functional Independence Measure-walk score; pre, before intervention; w,

weeks after start of intervention.
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Table 5. Number of patients with different gait patterns at

discharge
GEAR group Control group
2-point gait 7 4
3-point gait 6 9

Abbreviation: GEAR, Gait Exercise Assist Robot.

90
83

76 [
69 l
62

= 55

% 48
41
34
27
20

13

GEAR group Control group

Figure 4. FIM-M at discharge in GEAR group and control group. The
starting point of Y axis is the lowest total score of 13. Abbreviation: FIM-M,
FIM-motor subscore.

SIAS-L/E
w

admission  pre 1w 2w 3w 4w 8w discharge

-0-GEAR group -0+ Control group

Figure 5. Time courses of SIAS-L/E in GEAR group and control group.
Abbreviation: SIAS-L/E, Stroke Impairment Assessment Set-total lower
limb motor score; pre, before intervention; w, weeks after start of interven-
tion.

in stroke patients with hemiplegia, increasing the volume
of gait training and the volume of lower limb training
through walking has been reported to improve walking
ability."” The increase of gait training volume by using
GEAR is considered to be associated with the improve-
ment in walking ability.

Patients with hemiplegia after stroke need to acquire
new walking ability depending on their disability, and
motor learning is involved during the process. Guadag-
noli et al'® described the importance of optimizing the dif-
ficulty level of the task in motor learning according to the
learner’s skill level.'® Assuming that a patient with severe
hemiplegia starts gait training. Initially, a knee-ankle-foot

K. TOMIDA ET AL.

orthosis is often used. When switching from a knee-ankle-
foot orthosis to an ankle-foot orthosis, 2-step adjustment
is required depending on the absence or presence of a
knee joint lock. A knee-ankle-foot orthosis is effective
when the extension ability of the paralyzed lower limb in
stance phase is weak. However, as the lower limb exten-
sion ability improves gradually, there is a risk of excessive
assist. On the other hand, the knee extension assist mecha-
nism of GEAR allows 10-stage adjustment of the level of
knee extension assist in stance phase of the paralyzed
side, and the difficulty level can be finely adjusted along
with the improvement in extension ability of the para-
lyzed knee.

In conventional gait training, although the orthosis pro-
vides assist in swing phase of the paralyzed side through
restricting plantar flexion of the paralyzed ankle joint and
compensating the height of the nonparalyzed side, they
are not deemed adequate. On the other hand, GEAR pos-
sesses an assist mechanism for knee joint flexion during
swing phase of the paralyzed side as well as a weight sup-
port mechanism for the paralyzed lower limb, as
described above. Together with the fine and multiple
adjustment mechanisms of difficulty level, GEAR is con-
sidered to be effective in optimizing the difficulty level for
gait learning.

The importance of feedback in the context of motor
learning has been reported.'” The study of Guadagnoli
et al’’ suggests that providing more frequent or immedi-
ate knowledge of result is effective in learning difficult
tasks, while less frequent or delayed knowledge of result
is effective in learning easy tasks. For subjects in this trial
who had hemiplegia after stroke with severe motor paral-
ysis and severe gait disorder, walking is considered to be
a difficult task. When using GEAR, real-time feedback is
possible through visual confirmation of the walking state
on a monitor installed in front of the patient, and by audio
confirmation of the amount of weight-bearing on the par-
alyzed lower limb and the knee joint ankle by the knee-
ankle-foot orthosis robot. These feedback mechanisms are
considered effective for learning.

However, gain in FIM-walk score at 8 weeks after start
of intervention (4 weeks after completing intervention)
and at discharge were not significantly different between
the GEAR and control groups. The FIM-walk score after 4
weeks of intervention was 4.8 £+ .6 in the GEAR group
and 3.8 & 1.0 in the control group, with a 1-point differ-
ence in mean score between the 2 groups. Although
GEAR facilitated early improvement of walking ability,
the efficiency of walking improvement gradually
decreased over time due to the ceiling effect of FIM-walk
items. Meanwhile, the improvement in walking ability
had not peaked in the control group, which may have
accounted for the reduced difference in walking ability
between the GEAR group and control group at 8 weeks
after start of intervention compared to 4 weeks. The same
would apply to the finding at discharge.
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Nevertheless, despite the absence of significant differ-
ence, the number of patients with FIM-walk score 6 or
above at discharge in the GEAR group was 2-fold of that
in the control group. This difference has important clinical
significance. In addition, although there was no signifi-
cant difference, the number of patients achieving 2-point
gait at discharge tended to be higher in the GEAR group.
Usually, many stroke patients with hemiplegia walk with
a 3-point gait in the early stage of gait training, and this
tendency is especially marked in patients with severe
paralysis who require a knee-ankle-foot orthosis. When
using GEAR, however, it is possible to practice walking in
2-point gait from the early stage of gait training by walk-
ing on the treadmill using various assist functions. This
may facilitate the acquisition of 2-point gait.

FIM-M at discharge was not significantly different
between the 2 groups. The date of discharge depends on
the acquisition of the maximum improvement capacity
and the social factors surrounding individual patients.
Since the comparison of motor capability at discharge in
fact compares the capability at the time of fulfilling both
of the above conditions, there would be no difference in
FIM-M between the 2 groups.

There were no significant differences in SIAS-L/E score
between the 2 groups at all the time points of evaluation. On
the contrary, FIM-walk score gain was greater in the GEAR
group after 4 weeks of intervention. Although the data did
not indicate that use of GEAR promoted the improvement
of motor paralysis per se, its use resulted in improvement of
walking ability without depending on improvement of
motor paralysis. This finding suggests that GEAR influences
nonparalyzed lower limb functions as well as trunk func-
tion, and is useful in learning walking movements.

The adaptation and usage of robot require careful con-
sideration. Some previous studies reported differences in
effectiveness even though the same robot was used, which
may be caused by differences in adaptation and usage. In
the present study, the therapist in charge decided the
adjustment of the robot parameters. However, the thera-
pists were educated in advance concerning the policies
and had gained experience in using the robot. Clearly
defining the indications and utilizing the robot according
to appropriate methods probably contributed to the high
effectiveness observed in the present trial.

Limitations

This trial was a single-center study conducted on a small
number of patients. Therefore, the results obtained cannot
be generalized. Future multicenter study recruiting a large
number of patients is needed. In previous research that
examined the gait training effect using robot on walking
ability, walking speed is often used as a measurement of
walking ability. In this study, analysis of walking speed was
difficult because data of walking speed was missing in a
few patients who required assistance even at the time of
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discharge from the hospital. In addition, we did not evaluate
quantitatively the volume of gait training, which is one of
the major factors for the gait improvement effect of gait
training using GEAR, thus precluding comparison of train-
ing volume. This point is a subject of future study.

Conclusions

We validated the effectiveness of gait training using
GEAR by conducting an open-label randomized controlled
trial in patients with hemiplegia after primary stroke who
manifested severe paralysis and severe gait disorder. With
an intervention period of 4 weeks, the primary outcome
measure was FIM-walk improvement efficiency at the end
of the intervention period and was compared between the
GEAR group and control group. The result showed signifi-
cantly higher FIM-walk improvement efficiency in the
GEAR group than in the control group. In addition, the gain
of FIM-walk score after 4 weeks of intervention was signifi-
cantly greater in the GEAR group, although there were no
significant differences between the 2 groups after 8 weeks
and at discharge.

When using GEAR, increase in volume of gait training
as a result of knee joint flexion assist during swing phase
of the paralyzed side, and optimization of the difficulty
level of training provided by the finely adjustable stance/
swing assist mechanism for the paralyzed lower limb
probably contributed to improvement of walking ability.
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