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Objective  To investigate the clinical feasibility of a newly developed, portable, gait assistive robot (WA-H, ‘walking 
assist for hemiplegia’) for improving the balance function of patients with stroke-induced hemiplegia.
Methods  Thirteen patients underwent 12 weeks of gait training on the treadmill while wearing WA-H for 30 
minutes per day, 4 days a week. Patients’ balance function was evaluated by the Berg Balance Scale (BBS), Fugl-
Meyer Assessment Scale (FMAS), Timed Up and Go Test (TUGT), and Short Physical Performance Battery (SPPB) 
before and after 6 and 12 weeks of training.
Results  There were no serious complications or clinical difficulties during gait training with WA-H. In three 
categories of BBS, TUGT, and the balance scale of SPPB, there was a statistically significant improvement at the 6th 
week and 12th week of gait training with WA-H. In the subscale of balance function of FMAS, there was statistically 
significant improvement only at the 12th week.
Conclusion  Gait training using WA-H demonstrated a beneficial effect on balance function in patients with 
hemiplegia without a safety issue. 
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INTRODUCTION

Gait disturbance is one of the major complications in 
stroke patients and limits the patient’s activities of daily 
living. An inability or an impaired ability to walk is a sig-
nificant contributor to long-term disability and burden 
of care after stroke, and improved walking function is an 
important factor in returning to social life [1]. Because 
standing and walking balance are important predictors of 
the safe performance of gait and other functional activi-
ties, an extensive range of programs has been employed 
to improve standing and walking balance of hemiplegic 
patients. These include muscle-strengthening exercises, 
gait exercises, balance exercises, aerobic exercises, pa-
tient education and physical therapy [2]. Assistive robotic 
devices are a newly introduced rehabilitative approach 
for gait disturbance, and they have received consider-
able attention as a changing paradigm from classical 
rehabilitative training [3]. The potentially positive benefit 
of robotic gait training is that it involves repeatedly un-
dergoing sufficient and accurate training for a prolonged 
period without laborious intervention of physical thera-
pists. Lokomat (Hocoma AG, Zurich, Switzerland) is the 
first robotic-driven gait orthosis with electromechanical 
drives to assist the walking movements of gait-impaired 
patients on a treadmill by supporting the body weight 
[4,5]. Like Lokomat, a conventionally developed, gait as-
sistive, exoskeletal robot is huge in size and utilized only 
with treadmill walking with a suspension system [3]. 
One disadvantage of treadmill training using Lokomat or 
similar devices is the effort needed by therapists to move 
patients on or off the treadmill, set the paretic limbs, 
and apply the suspension system [6]. In addition, the 
fixed speed of the treadmill can limit the therapy inten-
sity. These factors make the exoskeletons less portable 
and less practical, especially for paralyzed patients. The 
cost of the device is another important issue. Most exo-
skeleton systems currently available may be priced as 
high as US $100,000 or more, which is not cost-effective, 
and only affordable to a small number of people [7]. To 
solve the above mentioned problems and to assist the 
gait of patients with hemiplegia, we have developed a 
wearable and portable, light weight, gait assistive robot 
named WA-H (‘walking assist for hemiplegia’) that can 
be adapted directly for use at home and rehabilitation 
centers [8]. Compared to other gait assistive robots, such 

as Lokomat, presently used in the medical field, this light 
weight, gait assistive, robot system can be used without 
a treadmill, is portable for outdoor activities, and can be 
implemented at a relatively lower cost than integrated 
systems. Therefore it can provide gait training in various 
environments such as home and/or outdoors, depending 
on the condition of the patient. This study aims to inves-
tigate the clinical feasibility of the portable, wearable gait 
assistive robot, WA-H, on the balance function of patients 
with stroke-induced hemiplegia. This is a second study 
following up on a pilot study conducted in 2013 with 2 
stroke patients to confirm the device stability [9]. Ac-
cordingly, this study is designed to confirm further the 
efficacy of the device with a greater number of patients. 
The main hypothesis is that gait training with a newly de-
veloped, portable, gait assistive robot would be superior 
to previous devices with respect to the restoration of gait 
ability and balance. The clinical efficacy of the newly de-
veloped, gait assistive robot for improving the gait ability 
and balance function of stroke patients undergoing reha-
bilitation was evaluated.

MATERIALS AND METHODS

Subject selection
The study protocol was approved by the Institutional 

Review Board of Hanyang University. The clinical inter-
vention was conducted at the RUSK Bundang Hospital, in 
Gyeonggi Province, Korea from January to August 2015. 
The pre- and post-assessment was conducted in the 
Hanyang University Medical Center and related facilities. 
All the patients were hospitalized, and a classical com-
prehensive rehabilitation program had been done before 
this study. The patients were informed about the aim and 
design of this study by medical doctors, and they subse-
quently provided the signed consent.

The inclusion criteria were as follows: (1) hemiplegic 
patient with stroke, based on history and medical record; 
(2) patient who was neurologically and medically stable; 
(3) patient who could walk independently but showed 
gait disturbance (limping, foot drop, etc.); and (4) patient 
capable of gait training for 30 minutes or more.

The exclusion criteria were the following: (1) patient  
with other causes of hemiplegia except stroke, such as 
traumatic brain injury, brain tumor, or seizure; (2) pa-
tient with incompatible medical conditions for gait train-
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ing; (3) patient with severely impaired conversation or 
cognition; (4) patient with other uncontrollable medical 
or surgical diseases; and (5) patient considered inappro-
priate to the study by researchers. According to the above 
criteria 13 hemiplegic patients (9 men and 4 women, 9 
with ischemic stroke and 4 with hemorrhagic stroke) with 
stroke were recruited. 

The mean age of the patients was 56.6 years and the 
mean duration since stroke onset was 12.7 months. 
Eleven patients were able to ambulate under supervi-
sion without any kinds of braces or supports; one patient 
could walk with a single cane, and the other with an 
ankle foot orthosis. Gait speed was measured by walk-
ing back-and-forth in a 20-m corridor for 6 minutes. 
Compared with the study of Oberg et al. [10], all the 
participants exhibited a diminished speed compared 
to the normal range of healthy people of the same age. 
Four patients had a speed lower than 25% of the normal 
range, 6 patients showed a speed 25% to 50% of the nor-
mal range, and 3 patients showed a speed 50% to 75% of 
the normal range of healthy people of the same age. All 
the participants showed toe dragging and circumduction 
gait during the swing phase, and decreased stance time 
on the paretic side due to motor weakness. All could walk 
independently with or without assistive devices despite 

an unstable and slow manner (Table 1). 

Newly developed, portable, gait assistive robot
The newly developed, portable, gait assistive robot (WA-

H) was used in this study. The specifications of WA-H are 
as follows: the weight of the system including battery is 
25 kg; the dimensions are 595 mm×390 mm×1300 mm; 
maximum operating time is one hour; maximum torque 
of hip joint is 188 Nm and knee joint is 55.5 Nm; the 
range of walking speed is from 0.5 km/h to 3 km/h. The 
main movement of the gait assistive robot is achieved in 
the sagittal plane during gait training. Thus, it uses mo-
tors to assist the movement of the knee and hip joints of 
the wearer in the sagittal plane. Additionally, in the coro-
nal plane, passive hip joints were used to make a tracing 
of the wearer’s joint movement for weight shifting during 
walking, and were designed to adjust and fit the posi-
tion of the joints. Ankle joints were designed to prevent 
foot drop and assist ankle dorsiflexion by using a spring 
attachment. All joints were limited not to exceed the 
normal range of motion. The affected and sound sides 
were controlled independently with different methods. 
The sound side was controlled by compensating friction 
in each driving unit so that the robot would not disturb 
the movement of the user. Also, an assist algorithm was 

Table 1. Demographic data of each participant

Patient 
no.

Sex
Weight

(kg)
Height

(cm)
Age
(yr)

Diagnosis
Duration 

since disease
(mo) 

Assistive  
device

Gait speed
(cm/s)

1 M 65 170 54 Left BG ICH 17 No 58.8

2 M 68 174 74 Left BG & CR infarction 20 No 33.3

3 F 57 156 50 Left BG & CR infarction 12 No 19.4

4 M 75 160 45 Left BG ICH 5 No 46.4

5 M 61 160 45 Left BG infarction 13 Monocane 22.2

6 M 78 175 58 Left MCA infarction 12 No 44.4

7 M 70 172 68 Left MCA infarction 12 AFO 15.6

8 M 91 176 47 Rig   ht BG ICH & both IVH 12 No 94.7

9 F 60 157 66 Left medulla & right 
   thalamus infarction

15 No 37.8

10 F 60 150 64 Left BG infarction 10 No 67.2

11 M 59 164 69 Left thalamus ICH 20 No 22.8

12 M 64 164 38 Right MCA infarction 4 No 60.3

13 F 55 160 58 Left BG & CR infarction 13 No 55.6

BG, basal ganglia; ICH, intracranial hemorrhage; CR, corona radiata; MCA, middle cerebral artery; IVH, intraventricu-
lar hemorrhage; AFO, ankle foot orthosis.
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established to aid the gait of the user. The affected side 
was controlled to follow the gait trajectory which was en-
tered by the sound side and could be modified by opera-
tors. The duration of the target trajectory was designed 
to adjust according to gait speed. The target trajectory 
was created by the normal side’s stride, gait cycle and 
gait pattern. These were measured by FSR (force sensitive 
resistor) sensors in the insole and an IMU (inertial mea-
surement unit) sensor in the pelvic area composed of a 
3-axis acceleration sensor and a 2-axis gyro sensor (Fig. 
1). Two FSR sensors in the insole measured heel strike, 
heel off, and toe off in the sound leg, detecting contact 
between heel and toe to the ground [9]. The IMU sensor 
in the pelvic area detected the patient’s movement and 
converted signals into movements of roll and pitch axis 
through the Kalman filter. All data such as step time, joint 
angles and gait speed were entered into the main con-
troller unit (MCU) and the target trajectory was created. 
The target trajectory was played via four motors in the 

hip and knee joints in the affected side once heel strike 
occurred in the sound side. A personal computer was 
connected to the MCU with a wireless local area network. 
Operators can control and monitor the training, and save 
the training data using the personal computer. WA-H is 
relatively lighter than existing embedded devices such 
as Lokomat and is designed to be equipped and used in 
any location without requiring additional devices, all of 
which contribute to its practicality [8].

Training program
Thirteen patients underwent 12 weeks of gait training 

while wearing WA-H on the treadmill for 30 minutes per 
day, 4 times a week. To prevent injury, patients walked 
with a hand rail and suspension harness support, which 
was not used to support patient’s weight but to prevent 
falling and emergency situations (Fig. 2). Conventional 
rehabilitation training such as occupational therapies 
that enhance upper limb function, and other rehabilita-
tion therapies that have no direct correlation to gait or 
lower limb training such as speech therapy, were provid-
ed without restriction. The rehabilitation program that 
employed the wearable assistive robot on the patient’s af-
fected limb was as follows: the subjects put on the device 
and had a familiarization session to become familiar with 
the experimental conditions for 5 minutes; the duration 
of gait training was 30 minutes in each session, and the 
training was conducted 4 times a week for 12 weeks. Dur-
ing the first week, training was conducted, not on the 
treadmill, but on the floor with the safety lift for adapting 
to the equipment and for safety training. After that, train-
ing on the treadmill was started. The basic training pro-
tocol is described in the following sentences, but it could 

Length
adjustment
mechanism

Hip joint
motor in

sagittal plane

Length
adjustment
mechanism

Knee joint
motor in

sagittal plane

Force
sensitive
resister

sensors in
insole

Inertial
measurement
unit sensors in

pelvic area

Fig. 1. WA-H (walking assist for hemiplegia) system. 
Target trajectory was created by normal side’s sensors, 
and motors at knee and hip joints were used to assist the 
movement.

Fig. 2. Gait training with WA-H on the treadmill with 
hand rail.
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be changed flexibly according to the general condition 
and function of the patients. During the first 5 minutes, 
training was conducted at a speed of 1.5 km/h. During 
the next 20 minutes, treadmill speed was increased to 2.0 
km/h, and for the last 5 minutes, treadmill speed was de-
creased to 1.5 km/h. From the 7th to 12th week of train-
ing, the maximum speed was regulated up to 2.5 km/h [9]. 
Evaluations were conducted before the training began, 
and conducted in the 6th week, and in the 12th week to 
test and compare the improvement of lower limb balance 
after using the gait assistive robot.

Outcome measures
Patients’ balance was evaluated by the Berg Balance 

Scale (BBS), Fugl-Meyer Assessment Scale (FMAS), 
Timed Up and Go Test (TUGT), and Short Physical Per-
formance Battery (SPPB) before, and after 6 and 12 weeks 
of training by two medical doctors with supervision by 
two engineers.

Timed Up and Go Test
TUGT assesses basic mobility and reflects the ability 

to transfer from sitting to standing and to walk a short 
distance. Subjects were required to stand up from a chair 
with armrests, walk 3 m, turn around, return to the chair, 
and sit down using their customary walking aids. The 
best time, measured in seconds, from three trials was 
taken for analysis. The test is a reliable and valid instru-
ment for stroke patients [11].

Balance item of Short Physical Performance Battery
SPPB is a performance-based test of lower extremity 

function designed for elderly participants. In the balance 
test, the participant holds his/her balance for 10 seconds 
in three standing positions with eyes open: feet side by 
side, feet in semi-tandem stance (big toe of one foot 
touching heel of other foot), and feet in tandem stance 
(heel to toe). One point each is given when feet side by 
side or semi tandem stance can be sustained for at least 
10 seconds, 1 point when tandem stance is sustained for 
at least 3 seconds, and 2 points when tandem stance is 
sustained for 10 seconds, with 4 points as total [12].

Berg Balance Test
BBS, consisting of 14 tasks, was developed to measure 

balance among older people with impairment in bal-

ance function by assessing the performance of functional 
tasks. Each task is scored on a scale ranging from 0 to 4 
points, and the total score is used as the index of balance 
ability [13].

Subscale of balance function of Fugl-Meyer Assessment 
Scale

FMAS is a 226-point multi-item Likert-type scale devel-
oped as an evaluative measure of recovery from hemiple-
gic stroke. It is divided into five domains: motor function, 
sensory function, balance, joint range of motion, and 
joint pain. Each domain contains multiple items, each 
scored on a 3-point ordinal scale (0, cannot perform; 
1, performs partially; 2, performs fully). The balance 
domain consists of 7 items and 14 points for sitting and 
standing balance [14].

Statistical analysis
All parametric data were expressed as mean±standard 

deviation. The Wilcoxon signed-rank test and the Fried-
man test were used to evaluate differences between the 
baseline measurements and outcomes after the gait 
training with the newly developed, gait assistive robot. 
Spearman correlation coefficients were used to assess 
the relationship among changes in outcome measures. A 
p-value less than 0.05 was considered statistically signifi-
cant. Data analyses were performed using the SPSS pro-
gram ver. 18.0 for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS

The experimental group of 13 subjects was trained with 
the gait assistive robot for 12 weeks according to training 
program described above. Two engineers participated in 
the experiment to adjust the appropriate gait speed and 
prepare for unexpected safety accidents such as falling. 
Four different measurements of balance were taken prior 
to training (baseline), and after the 6th week and 12th 
week of training.

Berg Balance Scale
There was an increase in BBS after 12 weeks training 

with the gait assistive robot (Table 2). There were statisti-
cally significant improvements at the 6th week and 12th 
week. An increase in the BBS was observed in 12 of the 
13 patients, and 1 patient had the same score as prior to 
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training (Fig. 3).

Timed Up and Go Test score
All 13 patients showed decreased TUGT time after 12 

weeks of training with the gait assistive robot (Table 3, 
Fig. 4). There were also statistically significant improve-
ments in scores at the 6th week as well as at the 12th 
week. 

Balance item of Short Physical Performance Battery
Eight patients had an increase in the balance item of 

SPPB after 12 weeks of training with the gait assistive ro-
bot, and 5 patients’ scores were unchanged (Table 4, Fig. 
5). The improvement in scales was statistically significant 
at both the 6th week and the 12th week. 

Subscale of balance function of Fugl-Meyer Assessment 
Scale

Nine patients had an increase in the subscale of balance 
function of FMAS after 12 weeks of training with the gait 
assistive robot, and 4 patients’ scores were unchanged 
(Table 5, Fig. 6). Improved scores were seen at the 6th 

week and 12th week, but there was statistical significance 
only at the 12th week. The Friedman test showed that all 
scales were improved significantly after 6 weeks and 12 
weeks of training (p<0.05). There were no distinctive cor-
relations among changes in outcome measures. 

Adverse event during training
In the 3rd week of training, one subject (case 8) exhib-

ited a seizure like motion of 6 minutes duration 3 hours 
after the morning training, and was sent directly to the 
emergency room for evaluation. The subject showed no 
abnormal findings in blood chemistry tests. Further eval-
uations like electroencephalogram (EEG) were suggest-
ed, but were refused by the patient due to three previous 
histories of seizures. The subject showed no abnormal 
clinical symptoms during 2 hours in the emergency room 
and was discharged after all symptoms subsided. The 
subject showed no other symptoms afterwards, and con-
tinued with training because the rehabilitation program 
using the gait assistive robot was considered to have little 
correlation to seizures. No further seizure like motion 

Table 2. Changes in the BBS in baseline, the 6th and 12th 
week (n=13)

BBS p-value
Baseline 43.6±5.8

6th week 46.5±5.2 0.005*

12th week (end of training) 48.2±4.8 0.002*

Values are presented as mean±standard deviation.
BBS, Berg Balance Scale.
*p<0.05 vs. baseline.

Table 3. Changes in the TUGT score in baseline, the 6th 
and 12th week (n=13)

TUGT (s) p-value
Baseline 25.8±12.0

6th week 21.6±9.4 0.003* 

12th week (end of training) 19.7±8.9 0.001* 

Values are presented as mean±standard deviation.
TUGT, Timed Up and Go Test.
*p<0.05 vs. baseline.
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Fig. 3. Changes in the Berg Balance Scale (BBS) for 13 pa-
tients in baseline, the 6th week and 12th week.

Fig. 4. Changes in the Timed Up and Go Test (TUGT) 
score for 13 patients in baseline, the 6th week and 12th 
week.
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was observed for the remainder of the study. The other 
subjects completed the training without any kinds of side 
effects like severe pain and safety risks.

Patients’ satisfaction
After completion of the training, the patients’ satisfac-

tion was evaluated with several questions. One of the 
questions was “Has your gait performance been im-
proved after the training?” and the patients had to an-
swer as from 1 to 5 points. One point meant ‘definitely 
no’ and 5 points meant ‘definitely yes’. The mean score 
was 3.85 points. No one answered as 1 point, one patient 
answered as 2 points, four patients answered as 3 points, 
four patients answered as 4 points, and four patients an-
swered as 5 points. Most patients felt there was improve-
ment of gait function during and after the robot training 
with WA-H.

DISCUSSION

The efficacy and feasibility of a rehabilitation program 
using the newly developed, portable and light-weight, 
wearable gait assistive robot, WA-H, was evaluated. This 
robot system was developed in HEXAR System, Seoul, 
Korea. WA-H is a portable and much less expensive exo-
skeletal robot developed for hemiplegic patients com-
pared with Lokomat or ReWalk. This study is the first 
detailed study of the efficacy of WA-H for hemiplegics 
in Korea. There were no major or minor adverse results 
such as pain or equipment problems during training 
which might have interrupted the rehabilitation program. 
It was demonstrated that this wearable gait assistive ro-
bot using WA-H could be effectively and safely used for 
hemiplegic patients without the hard manual labor of 
physical therapists to improve gait parameters. In ad-
dition, significant improvements in multiple measure-
ments of balance function were observed. Gait training 
with this wearable, gait assistive robot using WA-H could 

Table 4. Changes in the B-SPPB in baseline, the 6th and 
12th week (n=13)

B-SPPB p-value
Baseline 2.5±1.2

6th week 3.0±0.9 0.020*

12th week (end of training) 3.3±0.8 0.007*

Values are presented as mean±standard deviation.
B-SPPB, balance item of Short Physical Performance Bat-
tery.
*p<0.05 vs. baseline.

Table 5. Changes in the subscale of B-FMAS in baseline, 
the 6th week and 12th week (n=13)

B-FMAS p-value
Baseline 10.5±1.5

6th week 10.9±1.3 0.063 

12th week (end of training) 11.6±1.3 0.006*

Values are presented as mean±standard deviation.
B-FMAS, balance function of Fugl-Meyer Assessment 
Scale.
*p<0.05 vs. baseline.

Fig. 5. Changes in the balance item of Short Physical Per-
formance Battery (B-SPPB) for 13 patients in baseline, 
the 6th week and 12th week.
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Fig. 6. Changes the subscale of balance function of Fugl-
Meyer Assessment Scale (B-FMAS) for 13 patients in 
baseline, the 6th week and 12th week.
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improve balance function and movement coordination in 
patients with neurological impairment [15]. These results 
showed improvement in all evaluation scales for balance 
function after 12 weeks of training thus demonstrating 
the feasibility of the newly developed, gait assistive robot 
for rehabilitation training.

Many recent studies on rehabilitation of hemiplegic 
patients using a wearable gait assistive robot have been 
published worldwide. Kubota et al. [3] used a Hybrid As-
sistive Limb (HAL; University of Tsukuba, Tsukuba, Ja-
pan) and reported significant improvement in gait speed, 
number of steps, and cadence after 8 weeks of rehabilita-
tion, but showed no statistically significant improvement 
in balance scales like TUGT and BBS. Schwartz et al. [16] 
compared a rehabilitation group that used Lokomat with 
a group treated with conventional gait training, and re-
ported statistically significant improvement in functional 
ambulatory capacity scores and the National Institutes 
of Health Stroke Scale (NIHSS). In contrast, Hidler et al. 
[17] reported statistically significant improvement in a 
conventional gait training group rather than a Lokomat 
group. Thus, there are many debates at present on the 
practicality and efficacy of rehabilitation training using 
wearable assistive robots. 

Gait rehabilitation with this newly developed, gait assis-
tive robot has the following advantages. Existing conven-
tional training methods require various safety devices, 
space, two or more physical therapists for each patient, 
and equipment like treadmills, all of which are hin-
drances to accomplishing the training. Moreover, when 
considering the Korean medical system that requires a 
physical therapist to tend to many patients, therapists in-
evitably become fatigued during rehabilitation sessions. 
However, a robotic device such as WA-H has the advan-
tage of providing rehabilitation in any place and at any 
time without barriers, so that it has a significant potential 
for further development. Moreover, since rehabilitation 
training using WA-H provides active and highly repetitive 
movements without fatigue, more intense and task-spe-
cific interventions are possible compared to a therapist-
dependent, repetitive, conventional rehabilitation. The 
robotic rehabilitation can show cortical reorganization 
and significant improvements in motor function [15]. Ca-
labro et al. [18] reported that gait training with a robotic 
device increased patients’ motor output, involvement, 
and motivation. This suggests that gait training with the 

newly developed, assistive robot would have potential to 
improve not only the practical balance function, but also 
the satisfaction and confidence of hemiplegic patients by 
improving stability and gait velocity. Further studies are 
needed to establish the psychological effect of gait train-
ing with the wearable, gait assistive robot.

In conclusion, gait training with the wearable, gait as-
sistive robot, WA-H, seems to have a beneficial effect 
on balance function in patients with hemiplegia. WA-H 
was safe, and could be used clinically for hemiplegic gait 
training. 

This study has certain limitations. First, this study was 
not a randomized controlled trial, and could not compare 
the efficacy of robotic training with conventional reha-
bilitation. An attempt was made to recruit a control group 
of subjects, but they did not want to participate in a con-
trol group which can do only evaluation sessions without 
any rewards like gait training with a robotic device. Thus 
a control group was not attainable. To assess clinical 
usefulness, it will be necessary to compare the present 
results with a control group who has been treated with 
conventional rehabilitation therapy for balance function. 
Future studies should assess a control group in order to 
confirm the clinical efficacy of training with the newly 
developed, gait assistive robot in comparison with con-
ventional therapy. Second, this study could not exclude 
subject bias because all patients were recruited through 
a single rehabilitation facility. Third, the statistical power 
was low because of the small number of patients.

Wearable, gait assistive, robotic systems integrate the 
advanced technologies of mechanics, materials, electron-
ics, bionics, control technology, and artificial intelligence 
[7]. To progress along with the continuously developing 
mechanical technology, the medical community should 
attempt to provide guidance in developing technologies 
related to medicine by cooperating with others so that 
such development would be helpful in treatment and 
rehabilitation of patients. There are many obstacles to 
overcome for a robotic technology to be clinically used 
safely. It must be light-weight, and have an excellent 
human-robot interface. Energy efficiency and cost are 
other factors that are important. Risk of fall must be min-
imized, and patient safety in the event of machinery er-
ror must be guaranteed. Also, most currently developed 
lower extremity exoskeletal robots are heavy, with limited 
torque and power. Powerful motors at hip and knee joints 
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can apply regulated external force and torque to the pa-
tient’s limbs and enhance the strength of patient’s joints. 
Hemiplegic patients need sufficient external power to 
achieve gait movement. For the clinical use of the gait 
assistive robot for more critical patients and in outdoor 
environments, motors need a small volume, high power-
to-weight ratio, high efficiency, and compliance [7]. Ideal 
timing and treatment protocols for robot-assisted reha-
bilitation must be also established for patients to proceed 
with rehabilitation without limitation of space and time. 
Further studies, including randomized controlled trials 
for comparison with conventional therapies, should be 
conducted with larger numbers of patients while con-
sidering disease progression and demographic factors 
of each patient. Integration of robotic therapy into cur-
rent practice holds promise of improving the quality of 
physical rehabilitation by alleviating its labor-intensive 
aspects, and decreasing the costs related to therapists.
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