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Effect of robot-assisted g
ait training on gait
automaticity in Parkinson disease
A prospective, open-label, single-arm, pilot study
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Abstract
Gait automaticity is reduced in patients with Parkinson disease (PD) due to impaired habitual control. The aim of this study was to
investigate the effect of robot-assisted gait training (RAGT) on gait automaticity as well as gait speed and balance in patients with PD.
This study was a prospective, open-label, single-arm, pilot study. We planned to recruit 12 patients with idiopathic PD. Participants

received 12 sessions of RAGT using exoskeleton-type robotic device. Sessions were 45-minute each, 3days a week, for 4
consecutive weeks using an exoskeleton-type gait robot. The primary outcome was the percentage of dual-task interference
measured by the 10-Meter Walk Test (10MWT) under single and dual-task (cognitive and physical) conditions. Secondary outcomes
were the Berg Balance Scale and Korean version of the Falls Efficacy Scale-International. All measures were evaluated before
treatment (T0), after treatment (T1), and 1-month post-treatment (T2).
Twelve patients were enrolled and 1 dropped out. Finally, 11 patients with idiopathic PD were analyzed. The mean age of 11

patients (5 males) was 66.46±5.66years, and disease duration was 112.91±50.19months. The Hoehn and Yahr stages were 2.5 in
8 patients and 3 in 3 patients. Linear mixed-effect model analysis showed a significant change over time only in single-task gait speed
of the 10MWT (P= .007), but not in dual-task gait speed, dual-task interferences, and Korean version of the Falls Efficacy Scale-
International. Cognitive dual-task interference significantly increased (P= .026) at T1, but not at T2 (P= .203). No significant changes
were observed for physical dual-task interference at T1 and T2. Single-task gait speed of the 10MWT was significantly increased at
T1 (P= .041), but not at T2 (P= .445). There were no significant changes in the dual-task gait speed of 10MWT. A significant
improvement was observed in Berg Balance Scale score at T1 and T2 (P= .004 and P= .024, respectively).
In this pilot study, despite improvement in walking speed and balance, gait automaticity in patients with PD was not improved by

RAGT using an exoskeleton-type robot. Additional therapeutic components may be needed to improve gait automaticity using RAGT
in patients with PD.

Abbreviations: 10MWT = 10-Meter Walk Test, BBS = Berg Balance Scale, H&Y stage = Hoehn and Yahr stage, IQR =
interquartile range, KFES = Korean version of the Falls Efficacy Scale-International, LMM = Linear Mixed-effect Model, PD =
Parkinson Disease, RAGT = Robot-Assisted Gait Training, T0 = Before Treatment, T1 = After treatment, T2 = 1-Month post-
treatment.
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1. Introduction
In the early stage of Parkinson disease (PD), dysfunction of the
sensorimotor area of the basal ganglia typically occurs, leading to
habitual control dysfunction.[1] Therefore, habitual behavior,
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such as walking, requires conscious effort and gait automaticity is
reduced.[2] Rehabilitation approaches using external cues such as
somatosensory, auditory, and visual cues have widely been used
for improving gait automaticity.[3–6] As a somatosensory input,
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repetition of a normal gait pattern could reinforce the function of
the neural circuits that contribute to gait pacing.[7–9] In addition,
motor factors associated with the dual-task walking deficit in PD,
such as balance, physical fatigue, single-task mobility, and
freezing of gait may be improved by rehabilitation.[10]

Robot-assisted gait training (RAGT) is amethod of rehabilitation
that repeats a normal gait patternwith high intensity. The gait robot
was developed under the expectation that repetitive gait training
would cause the brain and spinal cord plasticity and resolve the gait
disturbance caused by the central nervous system disease.[11]

Various types of lower limb rehabilitation robots have been
developed, and exoskeletal type robots with treadmills and end-
effector type robots are used with patients for rehabilitation.[12]

Among these, treatments using the exoskeletal robot are thought
to improve physical function, and to appropriately input the
proprioceptive cue to increase gait automaticity.[9,13,14] A recent
systematic review andmeta-analysis suggested a significant effect of
RAGT on improvement of walking independence in patients with
subacute stroke within 3months.[15] On the other hand, there is a
lack of evidence and guidelines for use ofRAGT in patientswith PD.
Previous randomized controlled trials have demonstrated

controversial results on the effects of RAGT in patients with
PD. Some studies have reported that RAGT improved gait
velocity, stride length, and balance compared with a treadmill or
conventional gait training.[16,17] Another report suggested the
duration of the therapeutic effect of RAGT is longer than in
conventional therapy.[9] However, another studies demonstrated
that RAGT was not superior to equal intensity treadmill training
or balance training.[18–20] Gait analysis on the RAGT group
showed significant improvements on several parameters, such as
step length, gait velocity, and cadence, as compared to the control
group in which only step length improved.[14,21]

These previous studies only evaluated gait and balance
functions in patients with PD. Therefore, it is unclear whether
the effects are a result of repeated and intense physical exercise or
due to alleviation the pathophysiology of PD associated with
basal ganglia dysfunction. A study on gait automaticity, which
can be evaluated by dual-task interference during walking,
may provide a clue for the therapeutic mechanism of RAGT in
patients with PD. Therefore, the purpose of this pilot study was to
investigate the effect of RAGT on gait automaticity, as well as gait
speed and balance in patients with PD.

2. Methods

2.1. Study design and setting

This study was a prospective, open-label, single-arm, pilot study
to investigate the effect of RAGT on gait automaticity in patients
with PD. The trial was conducted at a university hospital in South
Korea from December 2016 to February 2018. Participants
underwent 12 sessions of RAGT. They were evaluated before
treatment (T0), immediately after treatment (T1), and at 1-month
following the end of treatment (T2).
2.2. Sample size estimation and participants

We planned to recruit 12 patients according to the recommended
sample size for a pilot study.[22] Participants were recruited at the
outpatient clinic of a university hospital.
Inclusion criteria were
1)
 diagnosis of idiopathic PD,
2

2)
 Hoehn and Yahr (H&Y) stage 2.5 or 3, and

3)
 Korean version of the Mini-mental State Examination ≥24.

Exclusion criteria were
1)
 severe dyskinesias or “on-off” fluctuations,

2)
 need of PD medication change during the study period,

3)
 sensory dysfunction in the lower limbs,

4)
 vestibular disorders or paroxysmal vertigo,

5)
 neurological or orthopedic problems affecting the lower

extremities, and

6)
 other severe medical problems such as cardiovascular disease.

2.3. Primary and secondary outcomes

The primary outcome measure was percentage (%) of dual-task
interference on gait velocity during 10-Meter Walk Test
(10MWT). In this study, the effect of the dual-task on gait
velocity was calculated as the raw difference between single and
dual-task performance.[23]

Percentage of dual�task interference ð%Þ
ðDual�task performance� Single� task performanceÞ

Single� task performance

The secondary outcomes were the gait speed of 10MWT under
single and dual-task conditions, Berg Balance Scale (BBS), and
Korean version of the Falls Efficacy Scale-International (KFES).
The 10MWT was used to measure gait speed over 10 m. A 2-m
buffer was used to minimize acceleration and deceleration,
respectively.[24] The time to walk the 10 m was recorded. Gait
speed was measured twice in 3 conditions. First, participants
completed the 10MWT with a comfortable speed. Second, the
Wechsler Forward Digit Span was used as the simultaneous
cognitive task.[25] This task has been validated in previous studies
for evaluating working memory to assess cognitive dual-
task.[23,26,27] The participant was assessed for the maximum
forward digit span achieved in 2 out of 3 attempts in a sitting
position before walking. During the walk, participants listened to
strings of digits and repeated them. Error rate in recalling the
strings of digits is the ratio of the number of failures to the
number of successes. Third, participants were required to carry a
tray with 2 cups of water for the concurrent physical task.[28–30]

We used the average completion times of 2 trials in each
condition.
Balance function was evaluated using BBS. The BBS consists of

14 items and a higher BBS score indicates the better balance.[31]

The KFES was also used to measure fear of falling. KFES is
evaluated by grading 1 to 4 points with 16 items and the higher
the KFES score, the greater the fear of falling.[32,33]

2.4. Intervention

Sessions were 45-minute each, 3days a week, for 4 consecutive
weeks using an exoskeleton-type robotic device for gait training
(Walkbot_S; P&S Mechanics, Seoul, Korea). The exoskeleton-
type gait robot provided a normal gait pattern on a treadmill by
controlling movements of the hip, knee, and ankle joints on both
sides. All participants started at an initial speed of 1.5km/h,
and the speed was gradually increased to between 2.0km/h and
2.2km/h depending on the participant’s condition with no body-
weight support. Actual training time of 1 session was about



Table 1

Baseline characteristics of participants (N=11).
Male/female (n) 5/6
Age (yr) 66.46±5.66
Disease duration (mo) 112.91±50.19
Hoehn and Yahr stage 2.5/3 (n) 8/3
MMSE-K (score) 28.55±0.93

MMSE-K = Korean version of the Mini-mental State Examination.
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30minute, except 10 to 15minute to get in and out of the
exoskeleton.
2.5. Ethics

The study protocol was approved by the Institutional Review
Board of Seoul National University Hospital (IRB No. 1809–
126–975) and registered at ClinicalTrials.gov (NCT02993042).
All participants provided written informed consent. The study
was performed in accordance with the principles of GoodClinical
Practice and the Helsinki Declaration.

2.6. Statistical analysis

Data are expressed as means and standard deviations for
continuous variables and medians and interquartile ranges (IQR)
for ordinal variables. As the study contained repeated measures
and missing data, linear mixed-effect models (LMM) were used
to test changes in outcomes over time. Time was included in the
model as an explanatory factor. Covariates were utilized
including age, sex, H&Y stage, and disease duration. The
intercept was treated as a random effect. The model was
simplified based on the Akaike information criterion. The
Shapiro–Wilk test was performed to determine the normal
distribution of measurement outcomes. Wilcoxon signed ranks-
test was also used to evaluate changes from T0 to T1 and T2. A P
value less than .05 was considered significant. IBM SPSS Statistics
21.0 forWindows (IBM, Armonk, NY) was used for the analysis.
3. Results

Twelve participants were enrolled and 11 were finally analyzed
because 1 participant dropped out due to rapidly deteriorating
dyskinesias. Average age was 66.46±5.66years, and average
disease duration was 112.91±50.19months (Table 1). The
H&Y stages were 2.5 in 8 patients and 3 in 3 patients. One
participant was lost at 1-month follow-up (T2). Total 41 patients
were screened for eligibility of the study inclusion. Twenty-nine
patients were excluded because of a diagnosis other than
idiopathic PD (n=15), H&Y stage 1.5 or 4 (n=5), previous
history of stroke (n=3), severe “on-off” fluctuations (n=1),
Table 2

Changes in percentage of dual-task interference (%).

T0
(n=11)

T1
(n=11)

Gait velocity† Dual-task (cognitive) –15.78 (7.78) –21.50 (7.62
Dual-task (physical) –21.23 (7.42) –21.10 (5.79

T0=Before treatment, T1=After treatment, T2=1-month post-treatment.
†Mean (Standard deviation).
∗
P<.05 by Wilcoxon signed-rank test.
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vestibular disorder (n=1), hospital location (n=2), and loss of
contact (n=2).
The participants underwent 12 sessions of RAGT and

completed an evaluation before and after treatment. There were
no adverse effects related to treatments. The average maximum
training velocity was 1.50km/h in the first session and 2.02km/h
in the last session. The average number of steps was 1259 in the
first session and 1705 in the last session.
The final model of the LMM analysis showed no statistically

significant changes over time in dual-task interferences. Table 2
shows the changes in the percentage of dual-task interference (%)
on gait velocity. Cognitive dual-task interference significantly
increased from –15.78±7.78% to –21.50±7.62% (P= .026) at
T1, but not at T2 (–20.75±6.40%, P= .203). During the
cognitive dual-task gait, maximum forward digit spans were 7.09
±1.22 at T0, 7.45±1.04 at T1, and 7.7±1.06 at T2, and the
error rate in recalling the strings of digits were 0.28±0.24 at T0,
0.39±0.23 at T1, and 0.35±0.24 at T2, without significant
changes. No significant changes were observed for physical dual-
task interference at T1 and T2.
The single-task gait speed was significantly changed over time

in the final model of the LMM analysis (P= .007). In this model,
there were significant interactions in time � H&Y stage, time �
disease duration, and time � H&Y stage � disease duration
(P= .006, P= .008, and P= .007, respectively). The final model of
the LMM analysis showed no statistically significant changes
over time in dual-task gait speed and KFES. As BBS was not
normally distributed according to the Shapiro–Wilk test, the
LMM was not employed. The single-task gait speed of the
10MWTwas significantly increased from 1.13±0.23m/s to 1.24
±0.28m/s at T1 (P= .041), but not at T2 (1.17±0.34m/s,
P= .445) (Table 3). In contrast, there were no significant changes
in cognitive and physical dual-task gait velocities in the 10MWT.
A significant improvement was noted in BBS score from 52 (IQR,
46–54) to 54 (IQR, 52–56) at T1 (P= .004), and to 54 (IQR,
49.75–55) at T2 (P= .024). There were no significant changes in
KFES at both T1 and T2.
Table 4 shows the individual data for the 10MWT. In the

single-task gait, 9 of 11 patients (81.8%) had an improved
walking speed at T1 and 5 of 10 at T2 (50.0%). Four of 11
patients (36.4%) showed improvement in gait velocity under the
cognitive dual-task condition at T1, and 5 of 10 (50.0%) at T2.
Under the physical dual-task condition, 7 of 11 (63.6%) showed
improvement in walking speed at T1, and 6 of 10 (60.0%) at T2.
4. Discussion

In the present study, cognitive dual-task interference increased
significantly, while physical dual-task interference did not change
after RAGT using an exoskeleton-type robot. Our results show
Within-group comparisons (changes)

T2
(n=10)

T1–T0 T2–T0

) –20.75 (6.40) .026
∗

.203
) –23.51 (12.55) .929 .646
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Table 3

Changes in the outcome variables between before treatment, after treatment, and 1-month post-treatment.

Within-group comparisons (changes)

T0
(n=11)

T1
(n=11)

T2
(n=10)

T1–T0 T2–T0

10MWT† (m/s)
Single-task 1.13 (0.23) 1.24 (0.28) 1.17 (0.34) .041

∗
.445

Dual-task (cognitive) 0.94 (0.25) 0.98 (0.24) 0.92 (0.26) 1.000 .721
Dual-task (physical) 0.89 (0.22) 0.98 (0.23) 0.90 (0.29) .075 .721

BBS†† 52.00 (8.00) 54.00 (4.00) 54.00 (5.25) .004
∗

.024
∗

KFES†† 28.00 (9.00) 30.00 (13.00) 32.50 (15.75) .235 .086

10MWT=10-Meter Walk Test, BBS=Berg Balance Scale, KFES=Korean version of the Falls Efficacy Scale-International, T0=Before treatment, T1=After treatment, T2=1-month post-treatment.
†Mean (Standard deviation).
††Median (Interquartile range).
∗
P<.05 by Wilcoxon signed-rank test.
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that RAGT might improve single-task gait performance, but not
dual-task gait performance in patients with PD.
Walking ability is an important factor that affects quality of life

and participation in daily life in patients with PD.[14] The gait
speed in a single-task shows a significant increase after treatment,
which is consistent with previous results that showed RAGT
improved gait velocity.[9,14,16–21] In this study, the change in
walking speed was 0.11m/s at the end of the intervention phase.
This result was similar the 0.13m/s change reported by Picelli
et al[16]. This change was greater than the 0.04m/s change in the
study by Carda et al,[18] but less than the 0.28m/s change
reported by Picelli et al.[19] The minimal detectable change in the
comfort gait speed is 0.18m/s in patients with PD.[34] Although
the change in this study was smaller than 0.18m/s, 95%
confidence interval ranged from .00 to .23 at T1 included the
minimal detectable change of 0.18m/s. Therefore, further studies
including a larger population are warranted to elucidate the
clinical efficacy of RAGT on walking speed in patients with PD.
There have been only 2 studies that investigated the effect of

RAGT using an exoskeleton-type robot on gait function in
patients with PD.[9,18] They showed that gait speed improvement
was sustained for 3 and 6months. However, the effect of our
study was significant only at the end of intervention phase.
Compared with our study, the previous studies reported the
increase in maximum training speed of up to 3.0km/h. Therefore,
Table 4

Participants’ individual data of 10-Meter Walk Test gait velocity.

Single-task

No Age Sex DD H&Y T0 T1 T2

1 69 M 71 2.5 1.06 1.24 1.21
2 64 F 152 2.5 1.34 1.38 loss
3 64 M 125 3 1.50 1.62 1.64
4 60 F 129 3 1.00 0.82 1.00
5 61 F 168 2.5 1.04 1.28 1.00
6 70 F 172 2.5 1.14 1.30 1.17
7 68 F 144 2.5 1.16 1.18 1.15
8 78 M 36 2.5 0.65 0.81 0.53
9 62 F 24 2.5 1.02 1.00 0.97
10 73 M 120 3 1.15 1.65 1.71
11 62 M 101 2.5 1.27 1.38 1.36

DD=Disease duration, H&Y=Hoehn and Yahr stage, T0=Before treatment, T1=After treatment, T2=

4

the intensity of training in our study may not be sufficient to
ensure that the effect of RAGT on gait speed persists beyond the
end of the intervention phase.
Improved balance in patients receiving RAGT was noted up to

1-month after treatment. This finding is in line with those
reported by Picelli et al.[16,20] and Furnari et al.[9] Repetitive high
intensity gait-like movements of the robot activated leg muscles
and increased the patient’s tolerance and weight shift func-
tions.[16,17] Moreover, the rhythmic proprioceptive cue of gait-
like movements could compensate for the defective internal
rhythm of the basal ganglia and improve balance function.[16,35]

In this study, the median BBS score increased from 52 to 54
points. This change was less than those reported in previous
studies that reported a the change of 5 in BBS score at the end of
the intervention phase and around 3 to 4 at the end of study
follow-up.[16,20] However, in our study, the median BBS score
was 52 on baseline evaluation, which is higher than that reported
in the previous studies. The ceiling effect may mask the effect of
intervention because the maximum score for BBS is 56.
There was no significant change in fall efficacy at all points of

assessment despite improvement in the gait speed and balance
function. Fall efficacy is the result of complex interactions of
motor impairment, cognitive impairment, functional ability,
disease severity, and psychological factors.[36] In addition, fall
efficacy is not always associated with clinical observation.
Gait velocity (m/s)

Dual-task (cognitive) Dual-task (physical)

T0 T1 T2 T0 T1 T2

0.89 1.07 1.01 0.82 1.01 0.99
1.28 1.07 loss 0.99 1.13 loss
1.35 1.32 1.36 1.28 1.21 1.20
0.85 0.66 0.80 0.82 0.66 0.88
0.78 0.96 0.79 0.81 1.03 0.49
0.93 0.80 0.78 0.87 1.07 0.94
1.14 1.08 0.96 1.09 1.05 0.95
0.47 0.63 0.43 0.43 0.60 0.37
0.80 0.74 0.84 0.72 0.67 0.77
0.96 1.28 1.19 0.95 1.26 1.14
1.12 1.12 1.07 1.07 1.12 1.27

1-month post-treatment.
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Therefore, more diverse approaches must be attempted to
increase fall efficacy.[37]

The improvement in gait speed may not seem to be directly
related to the dual-task performance based on the result of this
study. Gait training under dual-task conditions may improve gait
automaticity.[4] Since RAGT using exoskeletal robotic devices
has no risk of fall, RAGT with concurrent tasks may reduce dual-
task interferences and improve gait automaticity in patients with
PD. Recently, stepping in position training with a wearable
sensor or integrated dual-task training were attempted to
enhance dual-task function.[38] Auditory feedback using a sensor
system, which measures step height during training, improved
step automaticity.[38,39] Integrated dual-task training led to
sustained improvement in dual-task walking speed, similar to
consecutive dual-task training.[39]

Also, some researchers have suggested that high intensity
repetitive gait could improve gait automaticity.[7–9,40] In this
study, the number of sessions, time per session, and training
intensity of the session may not be sufficient to reinforce the
functions of neural circuits. Additional therapeutic cues, such as
visual and auditory cues, as well as proprioceptive cues may be
needed for improving gait automaticity in patients with PD.[10,41]

These external cues stimulate the pre-motor control systemwhich
bypasses the basal ganglia and supplementary motor area
circuit.[42]

This study investigated the effect of RAGT on the dual-task
gait performance in patients of PD for the first time. Because a
decline in gait automaticity causes difficulties in daily participa-
tion, which further decreases quality of life, it is necessary to
figure out how to improve the dual-task performance in PD
patients. Although this study was the first to examine the effect of
RAGT on gait automaticity in patients with PD, the sample size
was too small to confirm the results. In addition, this study had no
control intervention such as treadmill training or conventional
physical therapy. The training protocol of RAGT, such as
intensity, number of sessions, and external cues during training,
may be modified to achieve optimal therapeutic effects.
Therefore, a randomized controlled trial, based on the results
of this pilot study, will be needed to confirm the effect of RAGT
using an exoskeleton-type robot and its therapeutic mechanism
on gait function in patients with PD.
This pilot study suggests that RAGT using an exoskeleton-type

robot may not improve gait automaticity despite improvement in
walking speed and balance in patients with PD. Additional
therapeutic components may be needed to improve gait
automaticity in tandem with RAGT in this population. A
randomized controlled trial with a larger population is warranted
to elucidate the effect and therapeutic mechanism of RAGT in
patients with PD.
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