
iCopyright © 2020. Korean Society for Neurorehabilitation

HIGHLIGHTS
• Robot-assisted gait training (RAGT) has recently attracted attention.
• There are few studies investigating use of RAGT for the patients with ataxia.
• �Patients with ataxia might benefit from Morning Walk®-assisted gait training in walking 

ability and balance.
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ABSTRACT

This study aimed to investigate walking ability and balance improvement of patients with 
ataxia caused by brain lesions after end-effector type robot (Morning Walk®)-assisted gait 
training. This study randomly assigned 19 patients to one of two groups: 30 minutes of 
Morning Walk® training with 1 hour of conventional physiotherapy (Morning Walk® group; 
n = 10) or 1.5 hours of conventional physiotherapy (Control group; n = 9). Five treatment 
sessions per week were given for 3 weeks. The primary outcomes were walking ability and 
balance, which were assessed by the functional ambulation category (FAC) and Berg Balance 
Scale (BBS), respectively. The secondary outcomes included 10-meter Walk Test (10mWT), 
Rivermead Mobility Index (RMI), Motricity Index (MI), and Modified Barthel Index (MBI). 
At baseline, there was no statistically significant difference between the two groups except 
MBI. After the treatment, the Morning Walk® group showed significant improvement in the 
FAC, BBS, 10mWT, RMI and MBI. The control group showed significant improvement in the 
BBS, 10mWT, RMI and MBI. Inter-group comparison demonstrated that the ∆FAC, ∆10mWT 
and ∆RMI of the Morning Walk® group were significantly higher than those of the control 
group. Our results suggest that the patients with ataxia receiving Morning Walk®-assisted 
gait training might improve greater in walking ability and balance than those trained with 
conventional physiotherapy.
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INTRODUCTION

Ataxia is a disorder of muscle activity coordination during voluntary movement, thereby 
also affecting gait function [1,2]. It could indicate dysfunction of the nervous system that 
coordinates movement, such as cerebellum or brain stem [1,3]. Several diseases can cause 
ataxia; hemorrhagic or ischemic stroke is one of the leading causes [1,4].

Gait ataxia is characterized by unsteadiness, variable foot placement, widened step or stance, 
and abnormal joint torque, and its severity is correlated with the degree of impaired balance 
[3,5-7]. The balance deficit is not only associated with impaired gait function but also with 
increased difficulty in performing activities of daily living (ADL) when the deficit is combined 

Brain Neurorehabil. 2020 Nov;13(3):e23
https://doi.org/10.12786/bn.2020.13.e23
pISSN 1976-8753·eISSN 2383-9910

Original Article

Received: Oct 27, 2020
Revised: Nov 1, 2020
Accepted: Nov 2, 2020

Correspondence to
Dae Yul Kim
Department of Rehabilitation Medicine, Asan 
Medical Center, University of Ulsan College of 
Medicine, 88 Olympic-ro 43-gil, Songpa-gu, 
Seoul 05505, Korea.
E-mail: dykimsmart@gmail.com

Copyright © 2020. Korean Society for 
Neurorehabilitation
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Chul Jung 
https://orcid.org/0000-0001-5770-9107
Sara Kwon 
https://orcid.org/0000-0002-7088-3393
Min Ho Chun 
https://orcid.org/0000-0001-8666-7225
JaYoung Kim 
https://orcid.org/0000-0002-5010-8090
Sung Hyun Kim 
https://orcid.org/0000-0002-1678-3498

Funding
This study is the result of a research project 
of Future Growth Engine Flagship Project 
funded by the Minister of Science, ICT and 
Future Planning and supported by the Korean 
Institute of Science & Technology Evaluation 
and Planning (KISTEP).

Chul Jung , Dae Yul Kim, Sara Kwon , Min Ho Chun , JaYoung Kim , 
Sung Hyun Kim  

Department of Rehabilitation Medicine, Asan Medical Center, University of Ulsan College of Medicine, 
Seoul, Korea

Morning Walk®-Assisted Gait Training 
Improves Walking Ability and Balance 
in Patients with Ataxia: a Randomized 
Controlled Trial

Brain & NeuroRehabilitation

02

https://e-bnr.org

https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0001-5770-9107
https://orcid.org/0000-0001-5770-9107
https://orcid.org/0000-0002-7088-3393
https://orcid.org/0000-0002-7088-3393
https://orcid.org/0000-0001-8666-7225
https://orcid.org/0000-0001-8666-7225
https://orcid.org/0000-0002-5010-8090
https://orcid.org/0000-0002-5010-8090
https://orcid.org/0000-0002-1678-3498
https://orcid.org/0000-0002-1678-3498
https://orcid.org/0000-0001-5770-9107
https://orcid.org/0000-0002-7088-3393
https://orcid.org/0000-0001-8666-7225
https://orcid.org/0000-0002-5010-8090
https://orcid.org/0000-0002-1678-3498
http://crossmark.crossref.org/dialog/?doi=10.12786/bn.2020.13.e23&domain=pdf&date_stamp=2020-11-20
https://e-bnr.org


Conflict of Interest
The authors have no potential conflicts of 
interest to disclose.

with decreased joint mobility, muscle tone problems, and loss of proprioception [8]. 
Therefore, the balance training for patients with ataxia is a crucial part of rehabilitation. For 
these patients, conventional therapy methods, such as the Bobath approach, proprioceptive 
neuromuscular facilitation, therapist-assisted walking, and Frenkel exercise have been 
commonly used treatment methods [9-11].

Recently, robot-assisted gait training (RAGT) has attracted attention. Its effectiveness in 
restoring walking ability of the patients with neurologic diseases including stroke, traumatic 
brain injury, and spinal cord injury has been reported [12-15]. Compared with conventional 
training, RAGT has several advantages including increasing reproducible symmetrical gait 
patterns and reducing the energy expenditure of therapists [16]. Previous studies using 
end-effector type RAGT for patients with subacute stroke have demonstrated that RAGT 
combined with conventional physiotherapy could significantly improve walking speed, 
functional gait, balance and motor power [17-19].

Although there have been several studies proving the effectiveness of RAGT on balance and 
walking ability, few studies have investigated the use of RAGT for the patients with ataxia. 
Among the studies, very limited reports have addressed the effect of end-effector type RAGT 
on ataxic patients. The aim of this study was to investigate the improvement in the walking 
ability and balance of the patients with ataxia caused by brain lesions after 3 weeks of end-
effector type (Morning Walk® [Hyundai Heavy Industry, Seoul, Korea]) RAGT.

MATERIALS AND METHODS

Participants
We screened the patients admitted to the department of rehabilitation medicine at one 
tertiary hospital from December 2016 to June 2017. Patients were eligible for the study if the 
following inclusion criteria were met: 1) age > 18 years, 2) gait disturbance mainly caused by 
ataxia of the limb or trunk due to brain lesions, 3) FAC score ≥ 2, 4) ability to participate in 
gait training using the Morning Walk®, and 5) previously an independent walker. Exclusion 
criteria were as follows: 1) severe communication disorders due to cognitive impairment or 
aphasia, 2) severe musculoskeletal diseases of lower extremity, 3) psychological instability, 4) 
body weight > 135 kg or height > 195 cm, and 5) other physical status that could limit physical 
therapy (severe deformity or contracture of limbs; fractures, open wounds, or pressure ulcers; 
severe osteoporosis). The final population size was targeted at 40 patients.

Study design and intervention
This study was a non-blinded, prospective, randomized controlled trial that compared 
the effects of RAGT with Morning Walk® with those of conventional physiotherapy in 
the patients with ataxia. The trial was registered at the Clinical Research Information 
Service (CRIS), Republic of Korea (KCT0003452). The study protocol was approved by the 
Institutional Review Board (IRB No. 2016-1335) of our hospital. Before the start of the study, 
all participants were informed of the study purpose, intervention, and possible incidents and 
they filled out the informed consent form. The patients were assigned to either the Morning 
Walk® or control group using a random number table. The both group patients received five 
training treatment sessions per week for 3 weeks (a total of 15 sessions).
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The Morning Walk® group received RAGT with Morning Walk® for 30 minutes and conventional 
physiotherapy for 1 hour per session. The control group received conventional physiotherapy 
for 1.5 hours per session (additional 30 minutes of conventional physiotherapy instead of 30 
minutes of Morning Walk® training). Conventional physiotherapy consisted of 30 minutes of 
therapist-assisted gait and balance training based on neurodevelopmental treatment and 30 
minutes of strengthening exercise using NuStep® (NuStep LLC, Ann Arbor, MI, USA) [20]. In the 
strengthening exercise using NuStep®, the level of resistance (step 1 to 10) was set according to 
each patient's initial strength, and then progressed. The strengthening exercise was performed 
one more time in the control group for additional 30 minutes of conventional physiotherapy.

Morning Walk® is a new end-effector type robot developed by Hyundai Heavy Industries 
and Taeha Mechatronics for lower limb rehabilitation in the patients with gait disturbance 
[17]. The device was approved in December 2014 by the Food and Drug Administration. It 
has a saddle supporting the patient's weight and enables the joint movement of the lower 
limb, including the ankle, knee, and pelvis, according to footplate trajectory. Morning Walk® 
training started with ground level gait training at a speed of 30–35 steps/min with a step length 
of 30–35 cm. These training progressed by adjusting the various parameters according to the 
patient's performance. Additionally, the patients progressed to up and down stair gaits.

Morning Walk® has several differences from one of well-known end effector-type robots, 
Gait Trainer® (Reha-Stim, Berlin, Germany). Morning Walk® can provide various walking 
experience for patients, such as ground walking, stair ascending and descending. As well 
as, a therapist can adjust varied parameters of ground walking; cadence, step height, step 
length, toe-off angle, and initial contact angle according to the specific status of the patients. 
Particularly, a therapist can control the patient's motion of ankle precisely. However, the Gait 
Trainer® can only change the step length and velocity.

Morning Walk® also provides the amount of “body weight support” of the saddle during real 
time walking and the graphical information on the monitor of the “ground reaction force” 
on each foot. It gives a visual biofeedback to the patients for forming good center f pressure 
pattern. In addition, its monitor-based virtual reality software shows patient's avatar on a 
parkway and gait guidance. If the patient steps on the ground with a left or right foot, the 
light of a stepping-side foot icon turns on (Fig. 1).
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Fig. 1. (A) Morning Walk®-assisted gait training with monitor-based virtual reality software. (B) Interface of Morning Walk® for adjusting gait parameter and 
providing graphical information.
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Outcome measures
All participants were examined by a trained evaluator at two-time points: baseline (pre-
treatment) and after intervention (post-treatment). The primary outcome measures of walking 
ability and balance were assessed using the FAC and Berg Balance Scale (BBS). The FAC is 
a commonly used clinical gait assessment scale with consistent reliability and validity. It 
distinguishes 6 levels (from 0 to 5) of walking ability based on the required amount of physical 
support [21,22]. The BBS is used to evaluate the balance and risk of fall. The BBS focuses on 
static and dynamic balance, which includes 14 tasks with a maximum score of 56 [23,24].

The secondary outcome measures included the 10-meter Walk Test (10mWT), Rivermead 
Mobility Index (RMI), Motricity Index (MI), and modified Barthel Index (MBI). The timed 
10 mWT is a frequently used measure of walking speed (m/s) in the patients with neurologic 
diseases [25,26]. Patients unable to undergo the 10mWT were considered to have a walking 
speed of 0 m/s [17,27]. The RMI is a scale consisting of 15 items addressing several aspects 
of mobility with sum scores ranging from 0 to 15 [28]. The MI is a reliable instrument for 
measuring the strength and a feasible measure that can determine the overall impairment 
of patients. The MI of the lower limb comprises hip flexion, knee extension, and ankle 
dorsiflexion. Six grades of Medical Research Council (MRC) were converted into modified 
weighted scores; thus, three scores of each movement were summed and added by one. The 
total score ranged from 0 (complete paresis) to 100 (normal strength) [29]. If there is difference 
between MI of each side, we used lower value for the MI of each patient. The MBI is one of 
the common measures of ADL and consists of 10 items: feeding, dressing, personal hygiene, 
bathing, toilet transfer, bladder control, bowel control, chair/bed transfers, ambulation, and 
stair climbing. Scores of the MBI ranged from 0 to 100, with higher scores indicating greater 
independence in ADL. To minimize effects of upper limb function, we additionally analyzed 
summated scores of items associated with lower limb function in MBI (MBI-Lower extremity, 
MBI-LE). MBI-LE included transfer, ambulation, and stair climbing categories.

Statistical analysis
Statistical analysis was performed using SPSS version 18 (SPSS Inc., Chicago, IL, USA). Mann-
Whitney U test and Fisher's exact test were used to compare the baseline characteristics and 
initial (pre-treatment) functional states of the two groups. Wilcoxon signed-rank test was 
performed to identify within-group changes of pre- and post-treatment. Mann-Whitney U 
test was performed to compare changes of pre- and post-treatment in the Morning Walk® 
group with those of control group. A p value of less than 0.05 was considered statistically 
significant in all tests.

RESULTS

Study population
Among the patients admitted to the department of rehabilitation medicine in our hospital 
from December 2016 to June 2017, 23 patients met the inclusion and exclusion criteria, and 
they were eligible for the study. Of these, 2 patients refused to be enrolled, and 2 patients 
were unable to participate in the study because of deconditioning. As a result, 19 patients 
were assigned to either the Morning Walk® group or control group. During the follow-up 
period, each 2 patients withdrew from the study; this occurred due to unexpectedly early 
discharge and transfer to other hospital nearby home. As a result, 8 patients in Morning 
Walk® group, and 7 patients in control group completed the study. Although total of 15 
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patients did not meet the targeted size of population, low rate of enrollment limited the study 
to proceed further. During the intervention, there were no safety issues or adverse events 
related to Morning Walk® training or conventional physiotherapy (Fig. 2).

Baseline characteristics
There was no significant difference in the baseline characteristics of the two groups (Table 1).  
The Morning Walk® group included the patients with 1 hemorrhagic stroke, 6 ischemic 
stroke, and 1 meningoencephalitis. Similarly, the control group included the patients with 1 
hemorrhagic stroke and 6 ischemic stroke.

The characteristics of each participant were shown in Table 2. According to duration from 
onset to study enrollment, most patients were in acute stage; each group included one 
patient with ataxia caused by chronic brain lesions. In addition, all the included patients 
presented ataxia without definite weakness. To be specific, baseline MI of the patients were 
assessed as 70 or more, which meant that MRC grades of the lower extremities were generally 
over than grade of 4. Two patients in Morning Walk® group, and 4 patients in control group 
exhibited generalized ataxia involving bilateral limbs and trunk. Total of 9 patients developed 
ataxia caused by cerebellar lesions.
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Discontinued intervention (n = 2)
- Early discharge

Discontinued intervention (n = 2)
- Early discharge

Assessed for eligibility (n = 23)

Morning Walk® group (n = 10) Control group (n = 9)Allocation
(0 weeks)

Intervention
(3 weeks)

Final
assessment

A total of 19 patients were included

Analysed (n = 8) Analysed (n = 7)

4 patients were excluded:
- Medical deconditioning (n = 2) 
- Declined to participate (n = 2)

Fig. 2. Flow chart of the screening, allocation and follow-ups of the study.

Table 1. Comparison of characteristics between the Morning Walk® and control groups
Morning Walk® group (n = 8) Control group (n = 7) p value

Age (yr) 62.1 ± 5.5 66.3 ± 3.1 0.613*
Sex (female:male) 4:4 4:3 > 0.999†

Weight (kg) 62.8 ± 3.5 60.0 ± 5.2 0.613*
Height (cm) 162.3 ± 2.1 163.2 ± 4.5 0.867*
Duration from onset to enrollment (mon) 3.4 ± 2.6 2.6 ± 1.8 0.867*
Etiology > 0.999†

Hemorrhagic stroke 1 1
Ischemic stroke 6 6
Meningoencephalitis 1 0

Values are expressed as the mean ± SE or numbers.
*Analysis by Mann-Whitney test; †Analysis by Fisher's exact test.
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Pre-treatment and post-treatment status
Before the training sessions (pre-treatment), there was no statistically significant difference 
between the two groups except for the MBI (Table 3). After total of 15 training sessions, both 
groups showed significant improvement in several outcome measures; the Morning Walk® 
group showed statistically significant improvement in the FAC, BBS, 10mWT, RMI, MBI, and 
MBI-LE, whereas the control group showed significant improvement in the BBS, 10mWT, 
RMI, MBI, and MBI-LE. In control group, three patients and one patient could not perform 
the 10mWT at the pre- and post-treatment, respectively; therefore, their walking speeds were 
scored as 0 m/s. Inter-group comparison of changes in the outcome measures demonstrated 
that the ∆FAC, ∆10mWT, and ∆RMI of the Morning Walk® group were higher than those of 
the control group with statistical significance (p = 0.029, 0.021 and 0.040, respectively). 
Although the improvement in the ∆BBS, ∆MBI, and ∆MBI-LE was greater in the Morning 
Walk® group (∆BBS, 13.1 ± 3.70; ∆MBI, 20.4 ± 6.92; ∆MBI-LE, 9.8 ± 3.09) than in the control 
group (∆BBS, 5.9 ± 1.77; ∆MBI, 16.0 ± 5.06; ∆MBI-LE, 8.1 ± 2.36), this difference was not 
statistically significant (p = 0.152, 0.779, and 0.955, respectively). On the other hand, the 
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Table 2. Baseline characteristics of each participant
No. Sex Age  

(yr)
Diagnosis Duration* 

(mon)
Weakness (MI) Ataxia Brain lesions
Rt. Lt. Rt. U/L limbs Trunk Lt. U/L limbs

Morning Walk® group
1 M 51 ME 2 100 76 N Y N Diffuse cortex
2 F 44 Hemorrhagic 22 76 76 Y Y Y SAH, IVH
3 F 43 Ischemic 1 92 76 Y N N Rt. cbll
4 F 78 Ischemic 0 76 76 Y Y Y Both cbll
5 M 65 Ischemic 0 100 100 Y N N Lt. midbrain
6 M 58 Ischemic 0 100 76 N N Y Rt. BG-CR
7 F 74 Ischemic 1 76 76 N N Y Both cbll
8 M 84 Ischemic 1 76 76 N Y N Rt. cbll

Control group
1 M 66 Ischemic 1 76 76 Y Y Y Both cbll, Lt. pons, Rt. 

midbrain
2 F 62 Ischemic 0 100 76 N Y Y Lt. cbll, pons
3 M 71 Hemorrhagic 13 76 76 Y Y Y Both pons, midbrain
4 M 55 Ischemic 2 76 76 Y Y Y Both cbll
5 F 60 Ischemic 0 76 100 N Y Y Both pons
6 F 78 Ischemic 1 70 70 Y Y Y Both cbll
7 F 74 Ischemic 1 100 100 N N Y Lt. cbll, pons

MI, Motricity Index (Lower extremity); U/L, upper/lower; ME, meningoencephalitis; SAH, subarachnoid hemorrhage; IVH, intraventricular hemorrhage; cbll, 
cerebellum; BG-CR, basal ganglia-corona radiata.
*Duration was counted as the number of months in the period from onset to enrollment.

Table 3. Outcome measurements of the Morning Walk® and control groups (pre-, post-treatment, and changes [∆Post-pre])
Morning Walk® group (n = 8) Control group (n = 7) p value†

Pre-treatment Post-treatment* ΔPost-pre Pre-treatment Post-treatment* ΔPost-pre
FAC 2.9 ± 0.30 4.4 ± 0.42‡ 1.5 ± 0.33 2.3 ± 0.29 2.7 ± 0.42 0.4 ± 0.20 0.029‡

BBS 30.4 ± 6.19 43.5 ± 6.31‡ 13.1 ± 3.70 20.3 ± 5.00 26.1 ± 6.41‡ 5.9 ± 1.77 0.152
10mWT 0.8 ± 0.83 1.5 ± 0.97‡ 0.7 ± 0.33 0.3 ± 0.27 0.5 ± 0.45‡ 0.2 ± 0.24 0.021‡

RMI 6.8 ± 1.00 10.3 ± 1.10‡ 3.5 ± 0.50 4.4 ± 0.92 6.4 ± 1.19‡ 2.0 ± 0.38 0.040‡

MI 79.0 ± 3.00 87.0 ± 4.25 8.0 ± 4.00 78.6 ± 3.67 88.6 ± 4.57 10.0 ± 4.72 0.867
MBI§ 67.8 ± 8.67 88.1 ± 6.56‡ 20.4 ± 6.92 43.1 ± 8.01 59.1 ± 8.75‡ 16.0 ± 5.06 0.779
MBI-LE 22.8 ± 4.30 32.5 ± 4.03‡ 9.8 ± 3.09 12.0 ± 3.24 20.1 ± 4.33‡ 8.1 ± 2.36 0.955
Values are expressed as the mean ± SE.
FAC, functional ambulatory category; BBS, Berg Balance Scale; 10mWT, 10-meter Walk Test; RMI, Rivermead Mobility Index; MI, Motricity Index (lower extremity); 
MBI, modified Barthel Index; MBI-LE, modified Barthel Index-lower extremity.
*Treatment effects in each group were evaluated by Wilcoxon signed-rank test. Statistically significant pre- and post-treatment changes were indicated in the 
post-treatment column; †∆Post-Pre values between the two groups were analyzed by Mann-Whitney test; ‡p < 0.05; §At baseline (pre-treatment), there were no 
statistically significant differences in the variables other than the MBI. Inter-group baseline comparison was performed by Mann-Whitney test.
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improvement in the ∆MI was slightly greater in the control group (10.0 ± 4.72) than in the 
Morning Walk® group (8.0 ± 4.00) without statistical significance (p = 0.867).

Considering that the FAC, one of primary outcomes is the categorical variable, the number of 
participants in each FAC category was also identified for both groups. As for the Morning Walk® 
group, 3, 3, and 2 patients were firstly classified into FAC of 2, 3, and 4, respectively. After the 
training sessions (post-treatment), walking ability in 7 of 8 Morning Walk® patients improved, 
and then 1, 1, and 6 patients were classified into FAC of 2, 3, and 5, respectively. As for the control 
group at pre-treatment, 6 and 1 patients were classified into FAC of 2 and 4, each. At post-
treatment, 2 patients with FAC 2 and 1 patient with FAC 4 progressed to FAC of 3 and 5, each.

DISCUSSION

Several studies have investigated the effects of RAGT for stroke patients with hemiparesis; 
however, only a few studies have focused on the patients with ataxia instead of weakness. 
To our knowledge, this is the first study to report the effects of Morning Walk®-assisted gait 
training for the patients with ataxia. In our study, inter-group comparisons demonstrated 
significantly greater changes in the FAC, RMI, and 10mWT in the Morning Walk® group, 
suggesting that Morning Walk®-assisted gait training combined with conventional 
physiotherapy might have positive effects on the walking ability and balance of ataxic patients.

As a primary outcome, the FAC score represented walking ability of the patients. The walking 
ability improved in both the Morning Walk® and control groups after the training. The 
Morning Walk® group showed statistically significant improvement in the FAC score and the 
change was significantly greater than that of the control group. The FAC score was analyzed 
with Mann-Whitney and Wilcoxon signed-rank test with reference to the previous report [17]. 
The FAC score was categorical, but ordinal scale; therefore, it was possible to use the tests.

The recovery of balance control is known to be crucial for regaining walking ability. It is 
a major obstacle especially for the patients with ataxia [30-33]. The static and dynamic 
balance assessed by the BBS showed improvement in both the Morning Walk® and control 
groups after intervention. Although inter-group comparisons did not show any statistically 
significant difference, greater change in the BBS score was observed in the Morning Walk® 
group. The recovery of balance control might have contributed to improvement of walking 
ability in the Morning Walk® group.

The 10mWT and RMI, as secondary outcomes significantly increased in both groups. The 
Morning Walk® group showed greater change in the 10mWT and RMI than the control group 
with statistical significance. Three of 7 patients in the control group could not complete the 
10mWT, and then their scores were considered as zero. This might have limited the clinical 
value of the 10mWT; therefore, further studies would be needed to reexamine the parameter.

The lower limb muscle strength is associated with maximum walking speed of patients [34]. 
The improvement in the MI was observed in both the Morning Walk® and control groups; 
however, it was not statistically significant. This result is somewhat different from that 
in our previous study [17]. The previous study which investigated the effects of Morning 
Walk®-assisted gait training in the subacute hemiparetic stroke patients showed greater 
improvement in the MI of the affected side in the Morning Walk® group. This conflicting 
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result might be driven from the fact that, in our study patients, motor weakness was not the 
main cause of gait disturbance, and the severity of motor weakness was relatively mild.

The MBI and MBI-LE significantly increased in both groups. Inter-group comparison of 
changes in the MBI and MBI-LE showed that ∆MBI and ∆MBI-LE were higher in the Morning 
Walk® group than those in the control group without statistical significance. These results 
were not much different from those from other parameters; however, considering statistically 
significant difference of pre-treatment MBI, further studies composed of patients with well-
balanced MBI will be needed to validate these results.

A few previous studies reported conflicting results of RAGT in the patients with ataxia. 
Hamada et al. [35] reported the use of hybrid assistive limb robot suit improved gait function 
in 3 patients with ataxia. The rehabilitation program with hybrid assistive limb robot 
stabilized the center of gravity and shortened the 10mWT. Belas et al. [3] compared the 
effects of RAGT using the exoskeleton device Lokomat® 5.0 (Hacoma, Zurich, Switzerland) 
with those of therapist-assisted gait training (TAGT) for chronic stroke patients with 
ataxia. Each group received 3 rehabilitation sessions per week for 5 months; 2 sessions 
were conventional physiotherapy, and 1 session was gait training (RAGT or TAGT). Both 
groups showed statistically significant improvement in balance, functional independence, 
and general ataxia symptoms; however, inter-group comparisons did not show statistically 
significant difference.

Based on the principle of body-weight-supported treadmill training, RAGT can be advantageous 
over conventional physiotherapy as it offers practice in gait with higher intensity and numerous 
repetitions, thereby achieving functional motor relearning [36-38]. The intensive repetition 
induces the circuits involved in locomotor movement to be activated, allowing the nervous 
system to establish and restore links between the motor centers and sensory pathways [39]. 
This might facilitate the recovery of gait function in the Morning Walk® group.

However, there was no difference of improvement in gait and functional parameters of the 
patients with ataxia between RAGT using Lokomat® 5.0 and TAGT group [3]. These contrary 
results might be attributed to various factors; types of robot (end-effector versus exoskeleton), 
study protocol and onset of disease. End-effector type robot works by applying mechanical 
forces to the distal segment of limbs. However, exoskeleton-type robotic devices have robot 
axes aligned with the anatomical axes of the patients. Morning Walk®, as an end-effector 
type robot has been suggested to reduce the effects of the therapists by allowing relatively 
easy getting on and off the patient, or by providing partial body weight support through the 
saddle use [17]. This would lead to an increase in the treatment intensity, compared to RAGT 
using other exoskeleton robots. In addition, the average duration from the disease onset 
to enrollment was different between two studies (10.5 and 4.8 years for the Lokomat® 5.0 
RAGT and TAGT group, respectively; 3.4 and 2.6 months for the Morning Walk® and control 
group, respectively). The recovery of motor impairment mostly occurs within 6 months after 
the stroke event and the rate of recovery slows down over time within the 6-month period 
[40]. Difference in duration of the disease may lead to different effects of treatment; intense 
rehabilitation therapy in this early period (i.e., within 6 months) could be more effective also 
in patients with ataxia.

This study had several limitations. First, the study included only small sample of patients. 
The small population limited us to use nonparametric tests with poor statistical power. 
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At the pre-treatment, the Morning Walk® group were assessed as roughly better than the 
control group; however, the difference was not statistically significant. This could have 
been attributed to the small population. Second, both the patients and evaluators were not 
blinded. The patients knew the group they were assigned to, and the evaluators also knew 
the assigned group of the patients. Although the evaluators tried to assess the patients 
objectively, we could not exclude the possibility of bias. Third, this study did not utilize the 
specific assessment tool for the severity of ataxia. If we utilized the specific tool, such as scale 
for the assessment and rating of ataxia (SARA), it would have been clear that each patient's 
gait disturbance was due to ataxia. Instead,-we used the FAC and the BBS for addressing the 
severity of ataxia. Fourth, the patients in the control group received 30 min of strengthening 
exercise in place of Morning Walk® assisted gait training; therefore, additional gait training 
as well as effects of Morning Walk® might have contributed to greater improvement in the 
Morning Walk® group. Fifth, the duration from stroke onset to study enrollment was slightly 
heterogeneous. One patient from each group were in chronic phase. This might have acted 
as a confounding factor. Lastly, as this study assessed outcomes only at baseline and at the 
end of 3-week treatment, it was unclear whether the therapeutic effects were temporary or 
sustained. Further study of larger sample size with blinded evaluators and longer follow-up 
periods would be needed to validate the results of this study.

In conclusion, we compared the effects of end-effector type robot, Morning Walk® assisted 
gait training plus conventional physiotherapy with those of conventional physiotherapy alone 
on the gait and balance function in the patients with ataxia. Our results suggest that Morning 
Walk®-assisted gait training combined with conventional physiotherapy could contribute to 
further improvement in the walking ability and balance of the patients with ataxia caused by 
brain lesions.
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