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Abstract
Purpose Robot-assisted gait rehabilitation has been proposed as a plausible supplementary rehabilitation strategy in stroke 
rehabilitation in the last decade. However, its exact benefit over traditional rehabilitation remain sparse and unclear. It is 
therefore the purpose of the current study to comparatively investigate the clinical benefits of the additional robot-assisted 
training in acute stroke patients compared to standard hospital rehabilitation alone.
Methods Ninety acute stroke patients (< 3 month) were recruited. All participants received the standard hospital neuroreha-
bilitation comprises 45–60 min sessions daily for 3 weeks. Sixty patients also received an additional 30 min of robot-assisted 
gait training with the HIWIN MRG-P100 gait training system after each of the standard neurorehabilitation session. Outcome 
measures included: 1. Berg Balance Scale (BBS); 2. Brunnstrom Stage; 3. Pittsburgh Sleep Quality Index and 4. Taiwanese 
Depression Questionnaire (TDQ) which were assessed pre-treatment and then after every five training sessions.
Results Both groups demonstrated significant improvement pre- and post-treatment for the BBS (robotic group p = 0.023; 
control group p = 0.033) but no significant difference (p > 0.1) between the groups were found. However, the robotic train-
ing group had more participants demonstrating larger BBS points of improvement as well as greater Brunnstrom stage of 
improvement, when compared to the control group. No significant within and between group statistical differences (p > 0.3) 
were found for Pittsburgh Sleep Quality Index and Taiwanese Depression Questionnaire.
Conclusion The addition of robotic gait training on top of standard hospital neurorehabilitation for acute stroke patients 
appear to produce a slightly greater improvement in clinical functional outcomes, which is not transferred to psychological 
status.
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1 Introduction

With the rapid transit into an aging society for most devel-
oped countries worldwide, stroke is quickly becoming the 
leading cause of long term functional disability globally [1]. 

Stroke associated disabilities is consequently becoming an 
enormous health and social economic burden on the public 
health system [2]. The types and degrees of disability the 
patient suffers following a stroke is largely depended upon 
which areas of the brain is affected, however, it has been 
reported that close to one-third of the surviving patients 
from stroke fail to regain independent walking ability and 
with most patients demonstrating some form of gait abnor-
mality clinically even 5 years post-stroke [3]. It is therefore 
not surprising that addressing decreased ambulatory capac-
ity is one of the key goals in modern rehabilitation. This 
is particularly important given the potential link between 
the loss of ambulatory capacity and living independence 
that can lead to psychosocial implications such as poorer 
quality of life, difficulties with activities of daily living and 
subsequently the development of depression in a portion of 
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stroke survivors that failed to regain ambulatory independ-
ence [4, 5].

Despite the proven usefulness of therapist-assisted gait 
rehabilitation, with the ever-increasing strain and limited 
availability of health resources in the modern clinical set-
ting, therapist-assisted gait rehabilitation is becoming less 
and less feasible as it is not only very labor-intensive but 
also resources demanding. With the advancement of tech-
nology and manufacturing techniques, electromechanical-
assisted gait rehabilitation has received intensive interest in 
the last decade as a plausible supplementary rehabilitation 
technique in stroke rehabilitation [6, 7]. More specifically, as 
robotics are able to provide consistent repeatability as well 
as intensity adjustable training with relatively low demand 
on human resources, a recent Cochrane review concluded 
that electromechanical gait training devices are able to assist 
patients in achieving independence in walking or at least 
improve key walking parameters [8]. This was particularly 
true in acute stroke patients that is non-ambulatory as this 
sub-population of the stroke survivors provide the best 
opportunity for the recovery of lower limb motor function 
through the synthesis of neuroplasticity when provided with 
standardized and highly repetitive lower limb motor train-
ing [9].

Currently, despite the recent advances in the develop-
ment and design of better robotics, the exact benefit of the 
robot-assisted therapy over traditional rehabilitation remain 
sparse and unclear [10]. More specifically, some research 
has reported results in favour of the conventional therapist-
assisted training [11, 12], other research yielded results in 
favour of robot-assisted training [13, 14], with others finding 
no significant difference between the two types of therapy 
[15–17]. Such inconsistent and contrasting results has been 
proposed to be due to the clinical heterogeneity of stroke 
and is the main obstacle for the wider clinical adaptation of 
robot-assisted gait rehabilitation [18].

It is therefore the purpose of the current study to com-
paratively investigate the clinical efficacy of a recently devel-
oped HIWIN Robotic Gait Training System (MRG-P100) 
in an acute stroke population and compare it with the tra-
ditional hospital-based rehabilitation programs. The MRG-
P100 system incorporates commonly used clinical “tilt 
table” design combined with an electromechanical-assisted 
system that allow patients to receive weight-bearing gait 
re-education training without a suspension system, which 
is more cost effective compared with other commercially 
available devices. Acute stroke patients were chosen in order 
to minimize the heterogeneity of the sample patients that is 
also most likely to benefit from intense robotic training. We 
aim to provide objective measurements of the time-course of 
changes in lower limb motor function as well as the potential 
psychological benefits of prescribing robotic-assisted gait 
training for acute stroke survivors.

2  Materials and Methods

2.1  Patient Population

In this study, acute stroke patients were recruited between 
June 2016 and May 2018 from the Department of Physi-
cal Medicine and Rehabilitation at China Medical Univer-
sity Hospital. The inclusion criteria were: (1) age between 
20 and 80-year old; (2) 1st-ever single unilateral cortical-
subcortical stroke confirmed by brain imaging that is either 
ischemic or haemorrhagic; (3) onset of stroke to be less 
than 3 months [19] and is unable to ambulate independently 
including the use of any assistive device; (4) able to walk 
independently prior to stroke and (5) able to comprehend 
and cooperate with the evaluation procedure. The exclusion 
criteria were: (1) patients deemed by a physician to be medi-
cally unstable; (2) cognitive impairments that would impact 
on the safe participation in the study (MMSE < 23); (3) other 
prior musculoskeletal conditions that affected gait capac-
ity; (4) co-existence of other neurological diseases and (5) 
participants receiving additional treatments that is outside 
the scope of standardized hospital rehabilitation program as 
per the study protocol.

All participants or appropriate legal carer gave their 
informed consent and the Institution’s ethical committee 
granted the ethical approval for the study.

2.2  HIWIN Robotic Gait Training System (MRG‑P100)

The HIWIN MRG-P100 is an end-effector design robotic 
gait training system that allow patients to receive weight-
bearing gait re-education training without a suspension sys-
tem. This non-suspension system offers a standing table and 
support modules for knees and pelvis, which allows patients 
to be in an anti-gravity upright position. The robotic sys-
tem provides automated passive gait movements for the 
patients guided by the exoskeleton to allow repetitive step-
ping and balance training. The system provides program-
mable gait system with adjustable step length and walking 
speed for individual customization. More specifically, the 
system has three different pre-programmed gait trajectory 
modes (ellipse trajectory, flat ellipse trajectory and walk-
ing trajectory) with adjustable speed from 0.006–2.23 km/
hr to allow best simulation of gait retraining pending on 
individual patient’s presentation regarding affected muscle 
tone and spasticity of the gait muscle groups. Figure 1. is 
an illustration of the HIWIN Robotic Gait Training System 
(MRG-P100).
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2.3  Procedure

Eligibility for the study is assessed by the same hospital 
attending physician for all inpatient participants and when 
deemed appropriate, participant is then stratified through 
block sampling based on participant preference for either the 
standard hospital rehabilitation program only or with addi-
tional robotic gait retraining. Participant preference instead 
of randomization was used as the method of group allocation 
due to ethical consideration.

The standard hospital rehabilitation program for stroke 
comprises 45–60 min sessions daily for 3 weeks, utilizing 
hospital neurological physical therapy targeting positioning, 
balance, transfers, static standing table as well as gait mobil-
ity training. The robotic gait group received an additional 
30minutes of robot-assisted gait training with the HIWIN 
MRG-P100 after each of their standard hospital rehabilita-
tion session.

For the robot-assisted training program, an experienced 
physical therapist assisted the patient to transfer on to 
the robotic device via the built-in patient transfer system 
(Fig. 2). The therapist then adjusts the walking speed, step 
length as well as gait pattern in real time with the overarch-
ing aim of achieving the maximum progression of the gait 
settings to simulate a normal gait pattern that is tolerable by 
the patient. Patient’s status of vital signs and perceived effort 
are closely monitored during the whole training period to 
ensure patient remain within a medically stable status that is 
pre-determined by their physician in charge. Only certified 
rehabilitation therapist that have completed the appropri-
ate training with the operation of the HIWIN MRG-P100 
is allowed to operate the gait training system. Participants 

training parameters as well as vital signs were recorded dur-
ing each training session.

2.4  Outcome measures

The following outcome measures were assessed pre-treat-
ment and then after every five training sessions by the same 
chief resident of the department: 1. Berg Balance Scale 
(BBS) [20]; 2. Brunnstrom Stage [21]; 3. Pittsburgh Sleep 
Quality Index (PSQI)[22] and 4. Taiwanese Depression 
Questionnaire (TDQ) [23]. Overall, four assessment points 

Fig. 1  a The HIWIN Robotic Gait Training System (MRG-P100); b illustrating patient supporting system with the trunk, pelvis and knee sup-
port from the front and c illustrating patient supporting system of the pelvis and knee from the back

Fig. 2  The HIWIN Robotic Gait Training System (MRG-P100)’s 
patient transfer system
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were conducted for each participant and used for analysis. 
These outcome measures were chosen as they are the most 
commonly used clinical assessment tools for disability levels 
and psychological status post-stroke [24].

2.4.1  Berg Balance Scale (BBS)

The Berg Balance Scale (BBS) was initially developed to 
measure balance among older people with impairment in 
balance function by assessing performance of specific func-
tional tasks. It is a 14-item list with each item consisting of 
a 5-point ordinal scale ranging from 0–4, with 0 indicating 
the lowest level of function and 4 the highest level of func-
tion. Generally, the scores can be indicative of the following: 
0–20: High fall risk; 21–40: Medium fall risk; 41–56: Low 
fall risk. It does not include the assessment of gait.

2.4.2  Brunnstrom Stage

The seven Brunnstrom stages were developed in the 1960s as 
a framework to understand and document how muscle con-
trol can be restored after stroke. Brunnstrom approach views 
spasticity and involuntary muscle movement not simply as 
symptoms but rather as part of the recovery process which 
can be used to direct treatment approach to aid recovery. The 
seven stages are defined as following: Stage 1: Flaccidity; 
Stage 2: Spasticity appears; Stage 3: Spasticity increases; 
Stage 4: Spasticity decreases; Stage 5: Complex movement 
returns; Stage 6: Spasticity disappears and Stage7: Normal 
function returns.

2.4.3  Pittsburgh Sleep Quality Index (PSQI)

The PSQI is a self-rated questionnaire which assess quality 
and pattern of sleep in the older adult. The questionnaire 
contains 19 individual items which generates seven “com-
ponent” scores: 1. Subjective sleep quality; 2. Sleep latency; 
3. Sleep duration; 4. Habitual sleep efficiency; 5. Sleep dis-
turbances; 6. Use of sleeping medication and 7. Daytime 
dysfunction. Scoring is based on a 0 to 3 interval scale where 
3 reflects the negative extreme. The global PSQI score is 
calculated by totalling the seven component scores and a 
global sum of 5 or greater score indicates a “poor” sleeper.

2.4.4  Taiwanese Depression Questionnaire (TDQ)

Different cultures need different methods for screening 
for depression or assessment of depression and TDQ is 
a culturally relevant self-report questionnaire commonly 
used to screen and assess depressive characteristics among 
Taiwanese. The TDQ consisted of three dimensions, with 
a total of 18 items on a 0 to 3 interval rating scale ranging 
from “less than 1 day per week” (0) to “5 to 7 days per 

week” (3). The total score range is from 0 to 54. A total 
of < 8 points is considered to be emotionally stable; score 
of 9–14 points indicates slight depression; 15–18 points 
indicates mild depression; 19–28 points indicates moder-
ate depression and a score of > 29 points is indicative of 
severe depression.

2.5  Statistical Analyses

Statistical analyses were conducted using PASW Statistics 
(Version 20.0 for Mac, SPSS Inc., Chicago, IL, USA). 
Descriptive data are firstly extracted for all demographic 
parameters and where appropriate, a mix-design ANOVA 
were used to compare both within group (pre- and post-
treatment) and between groups (with vs without robot-
assisted training) for all outcome measures. For categori-
cal dependent variables where mix-design ANOVA isn’t 
applicable, the Wilcoxon test was used to determine 
within group differences and the Mann–Whitney U-test 
for between group differences. A p value of ≤ 0.05 is con-
sidered to be statistically significant.

3  Results

3.1  Participants

Ninety participants were enrolled in the current study with 
thirty participants receiving just the standard hospital 
rehabilitation and sixty participants allocated to receive 
the additional daily robotic training. The group allocation 
and basic demographic details are provided in Fig. 3.

All ninety participants completed the pre-treatment 
assessment, however, nine participants due to adminis-
tration reasons were either discharged or transferred to 
another hospital before the end of the study period and 
could not complete all three follow up assessments. One 
participant withdrew from the study due to personal rea-
sons. Thus, complete assessment data were available for 
fifty-four participants in the robotic group and twenty-six 
for the control group. The breakdown of the dropouts is 
presented in Fig. 4.

Of the fifty-four participants in the robotic training 
group, twenty-six were ischemic stroke and twenty-eight 
were haemorrhagic stroke. The control group consisted of 
fourteen ischemic and twelve haemorrhagic stroke types. No 
significant differences were found (p > 0.05) for any of the 
demographic parameters between groups (Table 1).
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3.2  Berg Balance Scale (BBS)

The pre-training BBS score for the robotic training group 
was 15.1 ± 3.2 points and improved by 13.9 points to 
be 29.0 ± 4.1 points by the third assessment. The control 
group’s pre-training BBS score was 18.8 ± 3.7 and improved 
by 9.7 points to be 28.5 ± 4.8 by the third assessment. Both 

groups demonstrated statistically significant within group 
improvement pre- vs post-training (robotic group p = 0.023; 
control group p = 0.033) and the post-hoc test showed a sig-
nificant difference between the pre-training and all other 
assessment points for both groups. However, no significant 
difference (p > 0.1) was found between the two groups at 
any of the assessment points. Results of the change of BBS 
scores overtime are shown in Table 2.

In terms of points of improvement, for the robotic train-
ing group, 35/54 (65%) improved at least 8 points compare 
to 14/26 (54%) in the control group. The robotic group also 
had 24 (45%) participants that improved more than 17 points 
with 3 participants improving more than 33 points. The con-
trol group had 5 (17%) participants that improved more than 
17 points on the BBS. Categorical improvement of scores 
are presented in Table 3.

3.3  Brunnstrom Stage (Lower Limb)

For the robotic training group, 30/54 (56%) were classified 
as either Stage 2 or 3 pre-training and by the end of the train-
ing period, 34/54 (63%) have improved to either stage 4 or 
5. For the control group, most participants were classified 

Fig. 3  Overall protocol and 
relevant participant group allo-
cation and demographic details

Stroke Survivors
Experimental Group ( N=60 )
Control Group ( N=30 )

Completed
Experimental Group
( N=54 )

Completed
Control Group
( N=26 )

Drop Out
Administration ( N=9 )
Refused Treatment ( N=1 )

Fig. 4  Breakdown of the dropouts and the resultant participants num-
bers for each group

Table 1  Demographic and 
severity parameters of the two 
groups at baseline

Robotic vs control: comparison of the demographic (age, gender, onset of stroke) and quantitative outcome 
scores (Berg Balance Scale, Pittsburgh Sleep Quality Index, Taiwanese Depression Questionnaire) at base-
line between the two groups

Age Gender (Male) Onset of stroke (days) BBS PSQI TDQ

Robotic training 
group (N = 54)

58.0 ± 13.6 36 11.3 ± 2.1 15.1 ± 3.2 9.5 15.9

Control (N = 26) 57.9 ± 12.8 13 13.1 ± 1.6 18.8 ± 3.7 10.9 15.5
Robotic vs Control p = 0.55 p = 0.27 p = 0.58 p = 0.17 p = 0.33 p = 0.77
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as either stage 4 or 5 (18/26) and remained till the end of the 
assessment point (21/26).

In terms of change of stage pre- and post-training, for the 
robotic training group, 29/54 (54%) participants improved 
by one stage, 3 participants improved by two stages and 

one participant improved from stage two to stage five. Only 
20/54 (37%) did not show improvement in Brunnstrom stage. 
For the control group, 14/26 (54%) participants remain 
unchanged of the Brunnstrom stage post treatment and nine 
(35%) improved by one stage and three (12%) participants 
improved by two stages. A summary of the Brunnstrom 
stage improvements are summarized in Table 4.

3.4  Pittsburgh Sleep Quality Index (PSQI)

For the robotic training group, the mean pre-treatment score 
was 9.5 and was 8.0 at the last assessment point. The pre-
treatment score was 10.9 and improved to 9.3 for the control 
group. No statistically significant difference was found for 
both within and between group comparisons (p > 0.4). The 
PSQI results are summarized in Table 5.

3.5  Taiwanese Depression Questionnaire

For the robotic training group, the mean pre-treatment score 
was 15.9 and improved by 3.6 points with an end score of 
12.3. The pre-treatment score was 15.5 and improved by 2.1 
point to 13.4 for the control group. No statistically signifi-
cant difference was found for both within and between group 
comparisons (p > 0.4). The Taiwanese Depression Question-
naire results are summarized in Table 6.

Table 2  Change of BBS scores 
overtime at different assessment 
points for the two groups

Within group assessment: comparison of the change of BBS scores overtime within the group; Robotic vs 
control: comparison of the BBS scores at different assessment points between the two groups
Bold indicates p < 0.05

Pre-training 1st Assessment 2nd Asessment 3rd Assessment Within 
group 
assessment

Robotic training 
group (N = 54)

15.1 ± 3.2 19.9 ± 3.6 25.2 ± 4.8 29.0 ± 4.1 p = 0.023*

Control (N = 26) 18.8 ± 3.7 21.7 ± 2.4 24.9 ± 3.3 28.5 ± 4.8 p = 0.033*
Robotic vs Control p = 0.17 p = 0.38 p = 0.42 p = 0.55

Table 3  Comparison of the categorical improvements of Berg Bal-
ance Score between the two groups

BBS Berg Balance Scale; BBS Score improvement: Change of BBS 
points from pre-treatment to last assessment

BBS score improvement Robotic training 
group (N = 54)

Control (N = 26)

 < 8 points 19 (35%) 12 (46%)
8–16 points 11 (20%) 9 (35%)
17–24 points 13 (24%) 2 (8%)
25–32 points 8 (15%) 3 (12%)
 > 33 points 3 (6%) 0 (0%)

Table 4  Comparison of the Brunnstrom stage (lower limb) improve-
ments between the two groups, pre- vs post-treatment

Brunnstrom stage improvement: Change of Brunnstrom stage from 
pre-treatment to last assessment point

Brunnstrom stage 
improvement

Robotic training group 
(N = 54)

Control (N = 26)

Unchanged 20 (37%) 14 (54%)
1 stage 29 (54%) 9 (35%)
2 stages 3 (6%) 3 (11%)
3 stages 2 (4%) 0 (0%)

Table 5  Change of Pittsburgh 
Sleep Quality Index (PSQI) 
scores overtime at different 
assessment points for the two 
groups

Within group assessment: comparison of the change of PSQI scores overtime within the group; Robotic vs 
control: comparison of the PSQI scores at different assessment points between the two groups

Pre-treatment 1st assessment 2nd asessment 3rd assessment Within 
group com-
parison

Robotic training 
group (N = 54)

9.5 9.1 8.5 8 p = 0.48

Control (N = 26) 10.9 10 9.3 9.3 p = 0.32
Robotic vs Control p = 0.33 p = 0.41 p = 0.56 p = 0.37
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4  Discussion

In this study, we attempted to assess the physical and psy-
chological benefits of additional robotic gait training for 
acute stroke patients when compared to standard hospital 
neurorehabilitation alone. Our results supported our hypoth-
eses that although both groups demonstrated statistically 
comparable improvements over the study period based on 
the selected outcome measures, clinical benefits of the addi-
tional robot-assisted gait training were observed for the func-
tional improvement of the patients.

Berg balance scale (BBS) is one of the most commonly 
used objective measure that assesses static balance and fall 
risks in stroke patients. Our results indicated that statistically 
significant improvement was observed for both groups and 
the robotic training group was not statistically better than the 
control group by the end of the study period. This is consist-
ent with the findings of a 2014 systematic review [25] where 
the authors found significant improvements in balance scores 
measured with the BBS after robot-assisted gait training but 
no significant difference between the intervention and con-
trol groups were found. However, it was suggested that a lack 
of statistically significant difference should not be directly 
assumed to be of no clinical difference.

As proposed by Stevenson and colleagues, [26] the mini-
mum detectable change score (MDC) in acute stroke patients 
for BBS is at least 8 points. Current study indicated that a 
greater proportion of the robotic training participant (65% 
vs 54%) achieved this clinically significant change. Moreo-
ver, 45% of the robotic training group achieved 2 × MDC 
improvement of greater than 17 points where only 17% of 
the control group demonstrated such improvement. Such 
observation is consistent with a more recent systematic 
review [27] where the meta-analysis of thirty-one rand-
omized controlled trails revealed robot-assisted therapy 
produced an increase in the BBS score compared with 
stroke patients without the robotic training. Many differ-
ent mechanisms have been proposed to explain how robot-
assisted gait training system can improve balance function 
in stroke patients but we speculate that the tilt-table design 
of the MRG-P100 system provided adequate weight bearing 
support for patients which alleviate their fear of falls and 

subsequently regain the confidence in participating balance-
related locomotion practice.

Comparable to BBS results, Brunnstrom stage results also 
demonstrated a similar pattern where both groups demon-
strated comparable improvements post-treatment. However, 
a closer assessment of the changes in Brunnstrom stages 
comparing the percentage changes at the last assessment 
point relative to pre-treatment indicated a greater number 
of participants in the robotic training group with at least 
one stage of change. However, more than half of the par-
ticipants’ s stage in the control group remain unchanged. 
This finding supports previous finding that robotic training 
combined with conventional physiotherapy produced better 
improvement in Brunnstrom stages than conventional physi-
otherapy alone [28]. However, it is also acknowledged that 
the spread of the Brunnstrom stages were different between 
the two groups per-training, with more of the control group 
classified as stage 4 which might have also contributed to 
the smaller improvement.

In contrast to BBS and Brunnstrom stage results, both the 
psychological parameters, Pittsburgh Sleep Quality Index 
(PSQI) and Taiwanese Depression Questionnaires (TDQ) 
did not show any significant within and between group 
improvements over the study period. This is somewhat sur-
prising given most of the available literature indicates that 
the integration of technology in stroke rehabilitation often 
lead to improvement of quality of life and psychological sta-
tus.[29–31] Such discrepancies of the current study results 
may be due to the fact that our sample consisted of acute 
(< 3 month) stroke patients where most available literature 
have looked at the change of psychological status in chronic 
stage of stroke. It is speculated that during the acute stage of 
stroke recovery, the self-reflected psychological status may 
be more strongly associated with disease and recovery rate 
and the different types of intervention appears to have less 
contribution.

It is acknowledged that the lack of statistically sig-
nificant difference for most outcome measures between 
the those receiving additional robotic training and those 
without might be contributed by the fact that both groups 
received the same standard hospital neurorehabilitation 
and the sole additional benefits of robotic training isn’t 

Table 6  Change of Taiwanese 
Depression Questionnaire 
(TDQ) scores overtime at 
different assessment points for 
the two groups

Within group assessment: comparison of the change of TDQ scores overtime within the group; Robotic vs 
control: comparison of the TDQ scores at different assessment points between the two groups

Pre-treatment 1st assessment 2nd asessment 3rd assessment Within 
group com-
parison

Robotic training 
group (N = 54)

15.9 14.2 12.6 12.3 p = 0.55

Control (N = 26) 15.5 15.3 13.2 13.4 p = 0.44
Robotic vs Control p = 0.77 p = 0.58 p = 0.43 p = 0.48
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adequate to achieve a statistical difference. In particular, 
the hospital neurorehabilitation utilized by the authors’ 
institution incorporates and emphasize early and intense 
mobilization, transfer and balance training for acute stroke 
patients, which may further “wash-out” the benefits of 
robotic training. However, due to ethical consideration, 
the study design could not omit or reduce the standard 
in-hospital neurorehabilitation provided for all patients.

It must also be noted that as the first 3 months post-stroke 
are usually considered as the golden phase of spontaneous 
recovery and such improvement may inevitably reduce the 
observable benefit of robotic training. It is plausible that 
extending the intervention period for more than 3 weeks may 
better differentiate group differences, however, due to the 
policy restriction of our national health insurance system 
where patients are required to transfer to a different institu-
tion to continue with treatment after a maximum of 28 days 
at a single institution, it was logistically difficult to extend 
the intervention period. Nevertheless, it is acknowledged 
that the lack of statistically significant differences between 
groups could be a true reflection of the treatment efficacy of 
the end-effector robotic gait training design utilized in the 
study. In a recent review of robotic rehabilitation in stroke 
patients, it was revealed that electromechanical-assisted 
devices with exoskeleton design appear to reach better 
results than end-effector design [32]. The lack of functional 
outcome to determine lower limb ambulation or muscle tone 
capacity should also be considered as a limitation of the cur-
rent study design and must be considered for further studies.

5  Conclusion

In conclusion, the addition of robotic gait training on top 
of standard hospital neurorehabilitation for acute stroke 
patients appear to produce a slightly greater improvement 
in clinical functional outcomes, which is not transferred 
to psychological status. Based on the available results, it 
is our recommendations that patients with limited ambula-
tory ability can consider incorporating robot-assisted gait 
training into the rehabilitation program, especially in clini-
cal settings with scarce clinical resources to be a cost- and 
labor-efficient supplementary treatment strategy.
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