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Objective  To identify the clinical characteristics of proper robot-assisted gait training group using exoskeletal 
locomotor devices in non-ambulatory subacute stroke patients.
Methods  A total of 38 stroke patients were enrolled in a 4-week robotic training protocol (2 sessions/day, 5 
times/week). All subjects were evaluated for their general characteristics, Functional Ambulatory Classification 
(FAC), Fugl-Meyer Scale (FMS), Berg Balance Scale (BBS), Modified Rankin Scale (MRS), Modified Barthel Index 
(MBI), and Mini-Mental Status Examination (MMSE) at 0, 2, and 4 weeks. Statistical analysis were performed to 
determine significant clinical characteristics for improvement of gait function after robot-assisted gait training. 
Results  Paired t-test showed that all functional parameters except MMSE were improved significantly (p<0.05). 
The duration of disease and baseline BBS score were significantly (p<0.05) correlated with FAC score in multiple 
regression models. Receiver operating characteristic (ROC) curve showed that a baseline BBS score of ‘9’ was a 
cutoff value (AUC, 0.966; sensitivity, 91%–100%; specificity, 85%). By repeated-measures ANOVA, the differences 
in improved walking ability according to time were significant between group of patients who had baseline BBS 
score of ‘9’ and those who did not have baseline BBS score of ‘9’. 
Conclusion  Our results showed that a baseline BBS score above ‘9’ and a short duration of disease were highly 
correlated with improved walking ability after robot-assisted gait training. Therefore, baseline BBS and duration of 
disease should be considered clinically for gaining walking ability in robot-assisted training group.
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INTRODUCTION

After a stroke, independent walking is one of the most 
important goals of rehabilitation to improve functional 
activity, social participation, and perceived quality of life 
[1]. For this reason, many researchers are studying treat-
ments to improve gait ability of patients after stroke. In a 
recent Cochrane review [2], 23 randomized controlled tri-
als with 999 stroke patients were conducted to compare 
electromechanical and robotic-assisted gait training to 
normal care. The results showed that stroke patients who 
had received robot-assisted gait training in combination 
with physiotherapy were more likely to achieve indepen-
dent walking than patients who had only received con-
ventional gait training. Morone et al. [4] have studied the 
characteristics of patients who would benefit more from 
robot-assisted gait training and found that low-motricity 
group (≤29) might have more advantages in gait inde-
pendency than high-motricity group (>29) from robot-
assisted gait training [3]. They also determined which 
patients gained durable benefits from robot-assisted gait 
training [4] and found higher efficacy in patients who 
had significant motor impairment. As mentioned above, 
many researchers are studying robot-assisted training, a 
widely used training device for neurorehabilitation. Ro-
bot-assisted training is also used for upper-limb training 
after spinal cord injury or stroke [5]. Despite abundant 
literature on the efficacy of robot-assisted gait training, 
great variations have been found among trials. Usually 
many studies are designed to have both conventional 
and robot-assisted gait training session at the same time 
(each session lasts 30 minutes, 5 work days per week for 3 
to 6 weeks). The Cochrane review mentioned that it was 
unclear whether the observed differences depended on 
the intensity of therapy such as the time of treatment ini-
tiation and the duration and frequency of treatment [2]. 
Therefore, we designed a 4-week robot gait training study 
to determine the clinical characteristics that might be 
used as indicators for regaining the walking ability after 
robot-assisted gait training. 

MATERIALS AND METHODS

Participants and study design
We screened all patients who experienced recent stroke 

and were admitted to the National Rehabilitation Cen-

ter. The inclusion criteria were as follows: hemiplegia/
hemiparesis in the subacute phase with significant gait 
deficits (Functional Ambulatory Classification [FAC]<3) 
caused by a first-ever stroke, duration of disease of less 
than 6 months, cognitive capability of complying with the 
protocol, and age of over 18. Exclusion criteria were: the 
presence of subarachnoid hemorrhage, sequelae of prior 
cerebrovascular accidents, chronic neurological patholo-
gy, orthopedic injuries, femur lengths of less than 34 cm, 
severely limited range of lower extremity joint motion, 
and medical instability. After the screening, a total of 34 
subacute stroke subjects volunteered for the study. Every 
participant underwent a 4-week robotic training protocol 
(2 sessions/day, 5 times/week). Their clinical outcomes 
were evaluated at 0, 2, and 4 weeks. The study protocol 
was approved by the National Rehabilitation Center In-
stitutional Review Board. All participants gave written 
informed consent to participate. 

Robotic training intervention
Participants went to the robotic training center for ro-

bot training in the National Rehabilitation Center. Before 
starting the session, a physiotherapist maneuvered the 
subject into an exoskeletal locomotor device Lokomat 
(Hocoma Inc., Zurich, Switzerland) and set the device 
conditions for the subject: guidance force (100%) was 
used during robot-assisted gait training. Walking speed 
was selected to be approximately 1–1.5 km/hr. Body 
weight support was 50% of the body weight at the first 
session. Every time following the walking session, the 
walking speed was readjusted to the subject’s walking 
ability. The goal of walking speed in robot session was 2.0 
km/hr. All patients reached that goal within 3 sessions.

The study was a 4-week prospective trial with a total of 
40 training sessions per participant. All participants re-
ceived gait training with the robotic-driven gait orthotic 
system and concomitant additional regular conventional 
treatment. The time of each treatment session was 30 
minutes. The net time of total session was 60 minutes per 
day, 5 days a week for 4 weeks. Regular physiotherapy 
treatment was focused on gait rehabilitation such as exer-
cising trunk stability, step initiation, and weight support 
on the paretic leg. 

Clinical outcomes
All subjects were evaluated when they entered the 
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study (0 week), at 2 weeks, and at the end of the study (4 
weeks). The primary outcome of this study was the FAC 
for gait independence [6-8]. Secondary outcomes were 
Fugl-Meyer Scale (FMS) [9] for motor recovery, Berg Bal-
ance Scale (BBS) [10] for balance, Modified Rankin Scale 
(MRS), Modified Barthel Index (MBI) [11] for functional 
state, and Mini-Mental Status Examination (MMSE) for 
cognition state. 

The FAC was used to categorize patients according to 
basic motor skills necessary for functional ambulation. 
The score ranged from 0 to 5, with a score of 0 represent-
ing the inability to walk and the requirement of physical 
assistance from >1 person, while a score of 5 represented 
independent ambulation on unlevel surfaces, stairs, or 
inclines [7]. 

Statistical analysis 
Statistical analysis included a descriptive analysis of 

general characteristics by using the mean and standard 
deviation. Randomization was examined. The clini-
cal outcomes after robotic training were assessed using 
paired t-test. Correlation between clinical characteristics 
and walking ability as a FAC score were assessed by cor-
relation analysis and multiple regression analysis. Re-
ceiver operating characteristic (ROC) curve and repeat-
ed-measures analysis of variance (ANOVA) were used 
to determine the clinical values for the robotic training 
group. All analyses were performed on an intention-to-
treat basis. Statistically significance was considered when 
p≤0.05. Data were analyzed suing SPSS ver. 21 statistical 

package (IBM SPSS, Armonk, NY, USA). 

RESULTS

Participant characteristics
Between April 2013 and September 2014, a total of 225 

subacute hemiplegic stroke patients were admitted to the 
National Rehabilitation Center. Forty-three patients were 
eligible for the study. However, 5 patients discontinued 
intervention, including 1 patient who developed a pres-
sure sore on the coccyx and 4 patients who were dissatis-
fied with the robotic-assisted gait training (Fig. 1). The 
general characteristics and demographic information of 
subjects are summarized in Table 1. 

Clinical outcomes after robot training
After the robot training, there were significant changes 

in FAC (pre, 1.00±0.62; post, 2.18±0.29; p<0.001), FMS 
(pre, 12.94±4.84; post, 15.78±6.28; p<0.001), BBS (pre, 
10.84±9.33; post, 18.73±12.72; p<0.001) [10], MBI (pre, 
40.44±14.21; post, 55.00±11.37; p<0.001), and MRS (pre, 
3.21±0.41; post, 2.65±0.48; p<0.001) [11]. However, MMSE 
showed no significant (p>0.05) change (Table 2).

Table 1. Baseline and demographic characteristics of 
subjects

Characteristic Value
Age (yr) 31.38±11.94

Duration of disease (wk) 13.21±5.47

Stroke

   Hemorrhage:infarction 52.6:47.4

   Right:left 68.4:31.6

   Cortical:subcortical 36.8:63.2

Gender (male:female) 63.2:36.8

FAC 1.00±0.69

MRS 3.21±0.41

BBS 10.84±9.33

MBI 40.44±14.12

FMS 12.94±4.84

MMSE 20.26±7.97

Values are presented as mean±standard deviation or per-
cent (%).
FAC, Functional Ambulatory Classification; MRS, Modi-
fied Rankin Scale; BBS, Berg Balance Scale; MBI, Modi-
fied Barthel Index; FMS, Fugl-Meyer Scale; MMSE, Mini-
Mental Status Examination.

Subjects reviewed
by chart
n=225

Excluded according to
inclusion/exclusion criteria
n=173

Refused to participate
n=9

Entered into study
n=43

Discontinued intervention
n=5

Reasons:
Refused to participating or
uncontrolled pressure ulcer

Stratified into
a 4-week FAC score

for analysis
n=38

Fig. 1. Study flow chart. FAC, Functional Ambulatory 
Classification.
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Statistical significance between groups
After all interventions, the relationship between base-

line clinical characteristics and FAC score was examined 
using correlation analysis. Baseline BBS (Pearson corre-
lation coefficient, r=0.762), FMS (r=0.485), FAC (r=0.677), 
and duration of disease (r=–0.451) were all significant 
(p<0.001) (Table 3).

Despite the small sample size used in this study, mul-
tiple regression analysis was performed to determine the 
factors that were correlated the most with improved FAC 
score. Baseline BBS (β=0.71, p<0.001) and the duration of 
disease (β=–0.34, p=0.01) were correlated with FAC score 
at the end of the training (F=29.551, p<0.001) (Table 4). 

Based on these results, we drew the ROC curve with 
baseline BBS to determine the cutoff value. The ROC 
curve with BBS score was significant (p<0.05). The range 
that had both high sensitivity and high specificity was 
8.5–9.5 (sensitivity, 91%–100%; specificity, 85%). There-
fore, a BBS score of ‘9’ could be used as a useful cutoff 
value for determining the robot-assisted gait training 
group. 

To confirm the usefulness of a BBS score of ‘9’ as the 
cutoff value, we stratified the subjects into group A (a BBS 
score of ≤9) and group B (a BBS score of >9) for repeated-
measures ANOVA. Our results showed that the differenc-
es in improved walking ability according to the time were 
significant between the two groups (Fig. 2).

DISCUSSION

Our study revealed that baseline BBS and duration of 
disease were significant predictors for regaining gait in-
dependence at the end of robot-assisted gait training. 

The regression model showed that there was a negative 
correlation (β=–0.34, p=0.01) between the duration of 
disease and the FAC score at the end of the study (Table 
4). Even though we controlled the subject’s duration of 
disease to be less than 6 months, there was still a signifi-
cant negative correlation between the duration of disease 
and the FAC score. The duration of disease was unavail-
able for cut off value (p>0.05). This result was opposite 
to results of most previous studies that defined subject’s 
duration of disease at less than 6 months as an effective 
indicator for robot-assisted gait training [2-4]. However, 
many studies have provided evidence for the benefit of 
early rehabilitation compared to later intervention for 
stroke patients [12-18]. They have suggested that not 

Table 2. Changes of clinical outcomes after robot training

Characteristic Pre Post p-value
FAC 1.63±0.69 2.18±0.92 <0.001

MRS 3.21±0.41 2.65±0.48 <0.001

BBS 10.84±9.33 18.73±12.72 <0.001

MBI 40.44±14.12 55.00±11.37 <0.001

FMS 12.94±4.84 15.78±6.28 <0.001

MMSE 20.26±7.97 22.13±7.60 0.200

Values are presented as mean±standard deviation.
FAC, Functional Ambulatory Classification; MRS, Modi-
fied Rankin Scale; BBS, Berg Balance Scale; MBI, Modi-
fied Barthel Index; FMS, Fugl-Meyer Scale; MMSE, Mini-
Mental Status Examination.

Table 3. Baseline characteristics correlated with FAC 
score at the end of the study

Variable
Pearson 

correlation 
coefficient (r)

p-value*

Age –0.276 0.090

Stoke

   Right:left –0.105 0.499

   Cortical:subcortical 0.242 0.118

   Hemorrhage:infarction –0.139 0.370

Gender (male:female) 0.154 0.320

Baseline duration of 
  disease (wk) 

–0.451 0.000

Baseline FAC 0.677 0.000

Baseline MRS –0.195 0.240

Baseline BBS 0.762 0.000

Baseline FMS 0.485 0.000

Baseline MMSE 0.324 0.047

FAC, Functional Ambulatory Classification; MRS, Modi-
fied Rankin Scale; BBS, Berg Balance Scale; FMS, Fugl-
Meyer Scale; MMSE, Mini-Mental Status Examination.
*Correlation analysis.

Table 4. Correlated clinical characteristics in multiple re-
gression models

Variable 
Standardized 

coefficients (β)
p-value

Baseline duration of 
  disease (wk) 

–0.302 0.013

Baseline BBS 0.628 <0.001

BBS, Berg Balance Scale.
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only conventional therapy, but also robot-assisted gait 
training should be used, in agreement with our result. 
Many studies are trying to find the answer to the ques-
tion of why early rehabilitation can produce better results 
than later rehabilitation. Neural reorganization has been 
thought to play an important role [19-21]. 

Previous studies have stratified subjects into high and 
low motor impairment group to compare the effective-
ness of robot-assisted gait training between groups. The 
results showed that high motor impairment subjects got 
better improvement of walking ability than low motor 
impairment subjects. Therefore, they confined non am-
bulatory subjects as effective indicator for robot-assisted 
gait training [2-4]. However, our result showed that base-
line BBS score also had a positive correlation (β=0.628, 
p=0.013) with gait independency at the end of the study 
(Table 4), although our study aimed at non ambulatory 
stroke patients. This result seemed due to difference in 
sensitivity between FAC and BBS. Stevenson [22] has 
stratified subjects into 3 groups (assist group, FAC=0, 1, 2; 
standby assist group, FAC=3; independent group, FAC=4, 
5) by FAC score to detect changes in stroke patients using 
BBS. Results showed that there was significant changes 
in BBS score according to time even though FAC groups 
were not changed. Especially, BBS had higher validity 
as balance measurement in patients with stroke. Berg 

and colleagues [10,23] have examined 70 stroke patients 
using BBS and balance subscale of FMS. They found ad-
equate to excellent correlations (r=0.62 to 0.94) between 
BBS and FMS [10]. Kollen et al. [24] have studied a total 
of 101 stroke patients to predict improvement in gait after 
stroke. Their regression model showed that improvement 
in standing balance as measured by FMS was the most 
important determinant for regaining gait based on FAC 
[24]. Therefore, our result suggested that previous strati-
fications by FAC score were insufficient to determine 
robot-assisted gait training group. On the other hand, 
BBS was more proper as alternative classification scale. 
Another systematic review of BBS in stroke rehabilitation 
showed that BBS had moderate-to-excellent sensitivity to 
functional changes in post-stoke period [25]. BBS could 
be used to predict the length-of-stay in post stroke pa-
tients [26].

The most important aspect of this study was that we 
tried to identify the clinical value of BBS for determining 
robotic training group. Results of this study showed that 
a BBS score of ‘9’ was useful as a cutoff value (sensitivity, 
91%–100%; specificity, 85%) because groups stratified by 
a BBS score of 9 had significant changes in walking abil-
ity in accordance with time. Correlation between BBS 
and conventional physical therapy have been studied by 
Makizako et al. [27]. They studied the usefulness of BBS 
as predictor of independent gait after stroke and found 
that patients who had BBS score of more than ‘13’ at 
admission (sensitivity, 63%; specificity, 90%) had more 
possibility of obtaining gait independence according 
to logistic regression models. Compared to the study of 
Makizako et al. [27], robot-assisted gait training in this 
study had lower cut-off value than conventional therapy, 
suggesting that robot-assisted gait training could give 
more benefit to patients who have BBS score of 9 to 12 at 
admission for regaining gait independence than conven-
tional physical therapy. 

To the best of our knowledge, this is the first study with 
attempt to suggest a numerical value for determining 
robot-assisted gait training group with clinical value. 
Although our results are meaningful, the lack of a con-
trol group and small sample size were limitations of this 
study. Thus, other important variables could have been 
missed statistically. Further studies should include more 
subjects and incorporate a randomized controlled de-
sign with a BBS score as a cutoff value to identify more 
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19.7
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Fig. 2. Patients were stratified into group A (a baseline 
BBS of ≤9) or group B (a baseline BBS of >9) for repeated-
measures ANOVA. Differences in changed BBS score ac-
cording to time were significant (p=0.019) between the 
two groups. BBS: Berg Balance Scale. *Denotes signifi-
cant difference in changes of BBS score according to time 
between the two groups by repeated-measures ANOVA 
(p<0.05).
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suitable robotic gait training group. In addition, guide-
lines for optimal timing and protocols have not been 
established for robot-assisted gait training studies. They 
should also be further investigated.

In conclusion, our findings indicated that a BBS score 
above ‘9’ on admission and shorten duration of disease 
could be considered as better indication of robot-assisted 
gait training in non-ambulatory patients with subacute 
stroke for regaining gait independence. Therefore, base-
line BBS and duration of disease should be considered 
clinically when determining robot-assisted gait training 
group.
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