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ABSTRACT

Objectives: To study changes in walking and balance control 
after receiving two different gait and balance training programs 
in stroke patients.
Study design: Asssessor-blinded randomized controlled trial.
Setting: Sirindhorn National Medical Rehabilitation Institute, 
Thailand.
Subjects: Outpatients with chronic stroke with ability to walk 
without ambulatory aids for at least 10 meters.
Methods: Eligible participants were randomized to experimen-
tal group of training on perturbation treadmill and control group of 
training on overground. Each participant received the assigned 
training which lasted 30 minutes per session, 3 days per week, 
for 4 weeks. Before the trainings, both groups received a bench  
exercise program for 30 minutes. Primary outcome was Timed 
Up and Go (TUG) test and secondary outcomes was Berg  
Balance Scale. The outcomes were assessed before and after 
completion of 12 training sessions. 
Results: Only 9 participants in each group completed the study. 
Both groups had a decrease in TUG time and an increased in 
BBS score but only the latter reached statistical significant level 
(p < 0.05). There were no significant changes in pre-post differ-
erence of TUG (experiment 1.10 vs control 1.18, p = 0.96) and 
BBS score (experiment 1.44.vs control 2.89, p = 0.17) between 
the two groups. 
Conclusions: Due to small sample size, it is inconclusive that 
12 sessions of 30-minute gait and balance training on perturba-
tion treadmill improved walking and balance control same as 
overground training did in individuals with chronic stroke.  A further 
study with adequate sample size should be done.
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Short Communication     

Introduction
Stroke is one of the leading public health problems, re-

sulting in a significant number of deaths and disabilities.1,2  In 
Thailand, the cumulative national loss of disability-adjusted 
life years (DALYs) due to stroke confirms that the conse-
quences of stroke are one of the greatest burdens on patients 
and their families.2 The Health Data Center (HDC) database 
from the Thai Ministry of Public Health indicates that there 
will be more than 250,000 new stroke cases over the age 
of 50 in 2021.3 Stroke increases the risk of falls and serious  
injuries.4 Stroke survivors living in community have higher 
risk of fractures than normal population4 and higher risk of 
falls than healthy people of the same age.5

A systematic review in 2017 showed 3,105 participants 
from 56 studies, body weight-supported treadmill training 
(BWSTT) significantly contributes to improved gait speed and 
endurance in stroke patients who can walk independently6 but 
not in those who depended on assistants for walking.6  Different 
ways to improve efficacy of gait and balance training after 
stroke have been suggested, for examples, not using a handrail  
for support,7 modifying walking speed during training,8 altering 
visual input,9 and provision of externally generated disturbances 
that mimic slipping and tripping.10,11 The latter methods need 
high cost specialized gait training equipment. 

As a specialized rehabilitation institute, we have a special  
Perturbation treadmill which has been claimed to improve 
postural balance during walking for those having impaired 
postural stability and risk of fall, for example, those with 
Parkinson’s disease.12 However, there has been no previous 
studies comparing between gait and balance training on  
Perturbation treadmill and overground in those with chronic 
stroke. If the gait and balance training on perturbation treadmill  
shows better outcome than overgound training, it may be worth  
to use this more expensive equipment in practice especially 
in those whose walking and balance control is not improved 
by overground training. 
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Methods
Study design 

This randomized controlled trial (RCT) was approved by 
the Human Research Ethics Committee of Sirindhorn National 
Medical Rehabilitation Institute, internal no. 3/2561.

Participants 
Outpatients with chronic stroke who were referred to the 

Physical Therapy Unit, Sirindhorn National Medical Rehabili-
tation Institute were invited to participate in the study.  After 
receiving informed consent, they were screened for eligibility. 
Inclusion criteria included demonstrable weakness of one 
leg, 6 months or longer after a first-ever stroke, age between 
18-75 years, and ability to walk without ambulatory aids for 
at least 10 meters. 

Exclusion criteria were having spasticity of the affected 
legs with modified Ashworth Scale > 2, impaired motor control  
due to neurological diseases other than stroke, severe 
balance deficit with static standing balance less than fair 
grade,13 Thai-mental status examination (TMSE) score < 25, 
unilateral neglect, wounds on the feet and arthritis of lower 
extremities, joint replacement, body weight > 135 kg and  
receiving robot-assisted gait training.

Randomization 
Eligible participants were randomly assigned to experi-

mental and control groups using computer-assisted mixed 
block randomization. 

Intervention
Before gait and balance training, all participants received a  

30-minute bench exercise program which consisted of passive  
stretching exercises followed by resistance, active, or assisted  
hip, knee, and ankle range of motion exercises depending  
on existing muscle power, muscle tone and motor control. 
Static, not dynamic, sitting and standing balance exercises were  
included. 

The experimental group received a 30-minute gait and 
balance training session on perturbation treadmill using  
BalanceTutorTM (Meditouch Company, Netanya, Israel) con-
trolled by an experienced physical therapist (NS). All partici-
pants wore a harness for safety, not for partial body weight 
support as their body weight support was set to zero. They 
were then instructed to walk forward on the treadmill, not 
backward or sideway, at a self-selected and comfortable  
speed, without holding a side rail, initially without any inter- 
ference.  Later, perturbation generated by moving the tread-
mill in one of the four directions (forward, backward, left, 
and right) occurred at random intervals and directions with 
an average frequency of 6 stimulations per minute. The  
amplitude of the perturbation was adjusted in 0.5 centimeters 
increments between 0 and 15 centimeters. The speed of the 
treadmill and the amplitude of the disturbance were set to 
the highest possible level that the participants could continue 

without losing balance.  There was no computer screen for 
visual feedback.

The control group received a 30-minute session of over-
ground gait and balance training supervised by an expe-
rienced physical therapist (OS) without making physical 
contact unless one appeared to lose balance and needed 
hands-on correction. This overgound gait and balance training 
consisted of walking forward at a comfortable pace, inten-
tionally walking with a narrower based than normal, sudden 
stopping and starting to walk when hearing verbal instruc-
tions from the supervising therapist, and finally walking in 
a zig-zag pattern. No other instructions on walking speed, 
stride length, or cadence were given. Walking backwards 
and sideways were not part of the training. And, they were 
not allowed to use a gait aid during training. 

During the trainings, the participants in both groups were 
allowed to rest as often as necessary but all had to complete 
30 minutes of walking, and attend the assigned training 3 
times per week for 4 weeks, totally 12 training sessions, They 
also had to report the researchers if any accident such as a 
fall occurred.

Outcome measurements  
Primary outcome was Timed Up and Go (TUG) test and 

secondary outcomes was Berg Balance Scale (BBS).  Before 
and after completion of the 12-session training, a blinded 
physical therapist (MM) assessed all participants of both groups 
with TUGT and BBS.

The TUGT test is a tool to assess balance when walking 
by measuring the time to get up from a chair, walk a distance 
of 3 meters, turn around and come back to sit at a chair.14 In 
this study, all participants were asked to walk with the fastest 
speed and we used a G-Walk (Meditouch Company,  Netanya, 
Israel) equipped with a software to record the TUG time.15 
The test was repeated three times and the times recorded in 
seconds were averaged for further analysis. 

BBS is a tool to assess basic balance required for every-
day activities for the elderly and patients with neurological 
disorders.16 The test includes 14 activities such as standing 
up from a seated position, standing still and reaching for  
objects, and stepping. Each activity is graded on a scale of 0 
to 4 (5 levels), with a total score of 56 points, and score less 
than 45 indicates a greater risk of falling.16 

Remark: This report is a part of the main project of  Effec-
tiveness of perturbation treadmill training and conventional 
gait training on balance control in stroke patients: a randomized 
controlled trial, and only some relevant data were reported 
and analaysed.

Sample size calculation
Our superiority hypothesis was the training on perturba-

tion treadmill resulting in better walking and balance out-
comes than the overgroup training did.  Based on the mean 
and standard deviation of TUG times from the study of Jung 
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et al.17 and using n4Studies, the calculated sample size in 
each group was 26. When adding 25% drop out, the total 
expected number of participants were 66, 33 in each group.

Statistical methods 
Demographic data were described using descriptive sta-

tistics. Kolmogorov-Smirnov test was used to test the data 
distribution. If the data was normally distributed, paired t-test 
was used to compare the mean values of TUG and BBS of 
pre- and post-training within group; and independent t-test to 
compare the pre-post difference between groups. A p-value 
< 0.05 was considered as significant difference by using 
SPSS.

Results
From November 2018 to December 2020, only 20 partici- 

pants were eligible and randomized,11 were assigned to the  
experimental group and 9 to the control group. Two in the  
experimental group could not complete the study and 
dropped out, one moved to another province and the other 
had a accidental fall at home with no fracture but needed  18 
days of hospitalization.  There was no drop out in the control 
group. The participants’ demongraphic data as well as base-
line results of the TUG test and BBS are shown in Table 1 
and showed no statistically significant differences between 
groups.

Compared with the pre-training assessment (see Table 
2), the post-training TUG time decreased in both groups but 
not reached statistically significant level whereas the post-
training BBS score increased with statistically significant dif-
ferences in both groups. However, there were no significant 

differences of the pre-post TUG time and BBS score between 
the two groups.

Discussion
Due to COVID-19 pandemic we had difficulty in recruiting  

outpatients to participate in the study. With small sample 
size, the results assumed as a preliminary report shows that 
the training on perturbation treadmill was not superior than 
the overground training as there were no statistically signifi-
cant differences between groups. 

Interestingly, statistically significant improvement in 
BBS balance score was found in both groups, but not in the 
TUG time. The improvement in the TUG time in both groups 
seems minimal and similar. Although randomization was 
done, the experimental group had older age but shorter du-
ration of stroke than the control group. These factors may 
affect the TUG time. However, due to the limitation of samle 
size, relationship between the TUG time and these factors 
was not analysed.  

Moreover, the mean BBS score increased 1.44 points in 
the experimental group and 2.89 points in the control group. 
The value of the control group seems comparable with results 
reported from other studies. For example, a systematic review 
showed that various kinds of gait training improved the BBS 
score of patients with chronic stroke by an average of 2.26 
points.18 However, the reference value of the smallest real 
difference (SRD) for BBS is 6.7 points,19 and the minimal 
clinically important difference (MCID) for BBS is 5 points.20 
Therefore, when planning the next study, we have to consider 
whether more sessions of training will result in more points 
gained in BBS, and concern of difficulty in recruiting outpatient 

Table 1. Comparison of participants’ demographic and baseline assessment data between groups.

Experimental group (N = 9) Control group (N = 9) p-value
Demographic data

Gender: male/female1

Age, years2 
Lesion: ischemic/hemorrhagic stroke1

Affected side: left/right1

Duration of illness, months2 
Baseline assessment

TUG, seconds2 
BBS score2 

 
7/2

57.11 (10.09)
7/2
8/1

7.78 (1.56)

22.43 (6.81)
49.55 (2.19)

 
7/2

48.33 (14.31)
7/2
6/3

12.11 (6.25)

27.63 (13.19)
47.33 (3.46)

 
1.00a

0.15b

1.00a

0.26a

0.06b

0.31b

0.90b

1Number, 2mean (SD); aPearson Chi-square for clustered data, bindependent t-test 
TUG, Timed Up and Go; BBS, Berg Balance Scale

Table 2. Comparison between pre- and post-training TUG time and BBS score within group and between groups.

Variable
Experiment (N = 9)

p-valuea
Control (N = 9)

p-valuea
Pre-post difference

p-valueb

Pre Post Pre Post Experiment Control
TUG, seconds
BBS Score

22.43 (6.81)
49.55 (2.19)

21.33  (7.44)
51.00 (2.40)

0.35
0.02*

27.63 (13.19)
47.33 (3.46)

26.45 (12.74)
50.22 (2.05)

0.36
0.01*

1.10 (3.31)
1.44 (1.51)

1.18 (3.64)
2.89 (2.62)

0.96
0.17

Mean (SD)
aPaired t-test,*statistically significant at p < 0.05; bindependent t-test
TUG, Timed Up and Go; BBS, Berg Balance Scale
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participants and drop out rate which seemed to be barriers to 
complete the trail in the study.  

This preliminary results demonstrating the lack of a statis-
tical difference in the improvement of the TUG time and BBS 
score between the two groups. To prove this assumption, 
more sample size is needed. The data (mean and SD) from 
this study can be used to calculate the sample size of the 
future trails. Given the large cost differences between these 
two gait and balance training programs, future studies are 
needed to clarify not only the efficacy of the perturbation 
treadmill in gait rehabilitation of chronic stroke patients but 
also the cost-effectiveness of the therapy. In addition, fall rate 
should be included as an outcome parameter.

As the above-mentioned results show better outcome of  
BBS in the control group, the overground gait and balance 
training program as described in this study may provide 
sufficiently intensive and specific gait and balance training  
because it involves a mixture of sudden acceleration, decelera-
tion (start and stop of gait), and change of direction (zigzag  
walking), which increases the need for dynamic balance  
correction (narrow-based walking). Next, perhaps the duration 
of training (30 minutes of total active training time) is another 
important factor. The use of telerehabilitation technologies 
for overground gait and balance training is conceivable. This 
has the potential to provide a very cost-effective solution for 
maintaining independence and preventing fall-related inju-
ries in chronic stroke patients and should be a focus of future 
studies.

Conclusions
Due to llimited sample size, it is inconclusive that 12  

sessions of 30-minutue gait and balance training on perturba-
tion treadmill gives no better walking and balance than over-
ground training. The results and limitations learned from this 
study can be used when planning the next proper trials to 
evaluate the effectiveness of both training programs.
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