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PURPOSE: This study examined the effects of a vestibular 

stimulation training program on the walking ability of chronic 

stroke patients over a six month period.

METHODS: Forty stroke patients were enrolled in this 

study. The patients were divided randomly into a control 

group (n=20) and experimental group (n=20). A general 

exercise program was applied to Group I and vestibular 

stimulation training was applied to Group Ⅱ(30 min, three 

times a week for six weeks). The changes in straight walking 

ability, curved walking ability, and functional walking ability 

were measured using a 10 m walking test figure-of- 

eight-walking test, and dynamic gait index, respectively. The 

measures before and after the program were compared using 

a paired t-test for a comparison of each group and an 

independent t-test for a comparison between groups.

RESULTS: The changes in each group were examined 
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according to the measurement period. The Experimental 

group showed significant functional improvement in all three 

tests after the vestibular stimulation training program, but the 

control group did not show significant improvement in any of 

the tests after the general exercise program. A comparison of 

the changes between groups revealed the experimental group 

to show significantly higher improvement than the control 

group in all tests.

CONCLUSION: The vestibular stimulation training 

program helps improve the gait function of stroke patients. 

Based on the results of this study, it is expected that various 

vestibular stimulation training programs will be developed 

and applied in a range of places.
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Ⅰ. Introduction

Stroke is a disorder, in which the blood supply to the 

brain is blocked or hemorrhage occurs in the brain tissue, 

resulting in an interrupted blood supply to the brain tissue 

[1]. Approximately 10% of stroke patients show complete 

recovery, but 15% die shortly after stroke, 65% require 

help with serious disabilities, and 10% are treated in a 

rehabilitation facility[2].
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With the recent development of modern medicine and 

the improvements in living standards, the mortality rate 

has decreased gradually. On the other hand, there might 

be some disability depending on the area of injury of the 

brain, and long-term medical care is necessary to prevent 

secondary damage and improve the dysfunction [3].

Stroke manifests as reduced mobility caused by 

weakness in muscle strength, perception disorder, rigidity, 

and damage to the sensory organs and equilibrium[4,5]. 

This reduced mobility restricts the abilities to perform 

functional activities, such as gait, climbing stairs, standing 

and, changing direction, which are important for an 

independent daily life.

Of these restricted abilities, independent walking ability 

is one of the most important therapeutic goals of hemiplegic 

patients, which is considered as a basic condition to decide 

to return to their daily life after hospitalization[6]. 

Proprioceptive neuromuscular facilitation[7], weight shift 

training[8], task-oriented training[9], action observation 

training[10], and treadmill waking training[11] have been 

conducted to improve the patients’ walking and balance 

ability.

When the vestibular system is affected, the visual and 

proprioceptive senses are impaired or central nervous and 

musculoskeletal system are impaired, which results in the 

incorrect passing of information. In addition, an integrating 

ability disorder can occur, which causes confusion in the 

spatial recognition and posture control commands in the 

central region, adversely affecting equilibrium and gait, 

dizziness, posture instability, etc., which makes therapeutic 

intervention and rehabilitation difficult[12,13].

The vestibular system interacts with various regions, 

and influences eye movements and posture control. 

Therefore, a vestibular sensation can be stimulated and 

the problem can be improved through an interaction of 

the vestibular senses, visual, and proprioception[14].

In addition, functional inputs from the vestibular organ, 

proprioceptive sensory, and visual information systems are 

required to maintain effective balance[15]. Therefore, a 

number of studies have reported improvements in balance 

ability by applying a vestibular stimulation training 

program to adults with central nervous system impairment 

and children with cerebral palsy[16,17].

 To control the posture required for walking, the 

vestibular system plays a very important role in recognizing 

and maintaining the balance of the body. Therefore, it is 

essential to study the effects of vestibular stimulation 

training on the balance and gait ability of stroke patients 

and assist in the rehabilitation of stroke patients.

This study examined the effects of vestibular stimulation 

training on the walking ability of stroke patients to develop 

a rehabilitation program to improve the diversity of exercise 

therapy intervention and the function of stroke patients.

 

Ⅱ. Methods

1. Participants

This study was conducted on 40 adult hemiplegic 

patients, who were hospitalized in Y hospital in Gwang-Ju 

and underwent therapeutic exercise from August 1, 2016 

to November 30, 2017. Table 1 lists the general 

characteristics of the subjects. The selection criteria of the 

subjects are as follows:

1) those diagnosed with a stroke by a rehabilitation 

specialist through computed tomography,

2) those more than six months after the stroke,

3) those with a Brunnstrom recovery stage greater than 

three,

4) those who could understand the purpose of this study 

and voluntarily agreed to participate, and 

5) those who can walk independently using assistive 

devices.

In this study, the walking ability of stroke patients was 

measured before providing the vestigial training program 

and general exercise program and after six weeks of 

intervention using the measurement tools as follows.
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2. Outcome measures

1) 10 m Walking Test (10 mWT)

A 10m walking test (10 mWT) was conducted to 

measure the straight walking ability. A total distance of 

14 m was marked on the floor of the treatment room. For 

safety under the observation of the measurer, the subjects 

were directed to walk 14 m from the floor of the treatment 

room at their normal speed. With the exception of the initial 

and final two meters, the time taken to walk 10 m was 

measured in seconds. The 10 mWT was taken as an average 

of three measurements without practice before the 

measurement.

2) Figure-of-eight Walk Test (F8WT)

The figure-of-eight walk test (F8WT) was conducted 

to measure the curve walking ability. The subjects stood 

between cones and selected the direction of travel. They 

were directed to walk at a normal speed and then stop 

when they returned to the starting position. The 

measurement factors of F8WT were composed of time, 

step count, accuracy, and naturalness. In this study, 

however, the time and step counts except for the 

measurement accuracy and naturalness were measured. The 

walking measurements were repeated three times in each 

session to obtain an average value.

3) Dynamic Gait Index (DGI)

The dynamic gait index (DGI) was used to measure 

the functional walking ability. The DGI consists of eight 

items: walking, walking with a change in pace, walking 

whilst horizontally and vertically turning the head, walking 

with rotating axes, crossing obstacles and returning, and 

climbing stairs. The DGI score ranged from zero to three 

on a four-point scale, with zero indicating severe 

impairment and three indicating normal. The highest 

number of point was 24 points. A lower score indicated 

greater impairment of functional mobility. All measurements 

were performed after the demonstrator demonstrated the 

process to the subject.

3. Exercise programs

1) Vestibular stimulation training program

The vestibular stimulation training program consisted 

of three activities for vestibular sensory stimulation and 

input for 30 minutes based on the training method presented 

by Ayres[18] and Hwang[19]. A total of 18 sessions of 

the vestibular stimulation training program were conducted, 

for 30 minutes per session three times a week. The 

vestibular stimulation training program was adjusted to 

gradually increase the intensity, time, and frequency 

according to the condition of the stroke patient. The types 

of the three activities and methods of intervention were 

as follows.

Experimental (n=20) Control (n=20) p

Age (years)    57.80±11.35   59.80±13.27 .721

Height (cm)  167.50±3.81 165.30±7.07 .398

Weight (kg)   63.60±6.20   62.70±10.51 .818

Onset (month) 28.92±56 26.58±8.6 .625

Gender (M/F) 12/8 11/9 -

aMean±SD, Experimental: Vestibular sensory stimulus training group

Control: General exercise group

Table 1. General characteristics of the subjects
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(1) Swiss ball Activity

For the anterior, posterior, left, and right rectilinear 

stimulation activities, a therapeutic ball (Therapeutic ball, 

Thera-band, USA) was used. When sitting on the ball, the 

knees and hips were at 90. Sitting on the ball, the anterior, 

posterior, left and right rectilinear movements were 

performed for five minutes each.

(2) Pro Rocker Board Activity

A 20-inch Pro Rocker Board (Pro Rocker Board, Fitter 

First, USA) was used for the balancing activities in the 

right posture, and an auxiliary table was placed on both 

sides to prevent falls.

(3) Trapeze Activity

A trapeze was used for the anterior, posterior, left, 

and right activities in the sitting position, keeping the 

legs crossed and not dragging on the ground. The anterior, 

posterior, left, and right movements were conducted for 

five minutes each in the sitting position using the 

trapeze.

2) General exercises

The general exercise programs was applied to the control 

group, which consisted of movements that did not stimulate 

the vestibular sense. The treatment period consisted of 18 

cycles of exercise, three times a week, once every 30 

minutes. Each movement was controlled by changing the 

stage and method of exercise according to the stroke 

patient's level. The general exercise programs were as 

follows.

(1) Warm-up and Cool-down exercise

Stretching and ROM (range of motion) exercises were 

performed by therapist in the supine position as a warm-up 

and cool-down exercise for five minutes each.

(2) Bridge exercise

These exercises were performed while lying on a stable 

floor, maintaining a lumbar neutral position, flexing both 

knees (90°), placing soles on the floor, maintaining balance 

while lifting the pelvis and putting both arms comfortably 

on the floor. For 10 minutes, the subject was instructed 

to pull his or her navel upwards and backwards to activate 

the external oblique muscle as much as possible.

(3) Crunch exercise

The subject was laid down in the supine position with 

a pillow placed under the knee to reduce lumbar lordosis, 

which blocks compensatory action of the flexors of hip 

joint, by placing a towel under the scapula. The position 

of a retracted scapula was then made abducted and upward 

rotated, which causes both shoulders to be relaxed, to 

prevent compensatory action of the pectoralis major. The 

patient exercised for 10 minutes to contract the abdominal 

muscle whilst keeping their head up as if staring away.

4. Statistical Analysis

The SPSS ver 20.0 for Windows statistical analysis 

program was used to analyze the data of the study. The 

general characteristics of the subjects were analyzed by 

descriptive statistics, and a Shapiro-Wilks test was used 

to test the normality of the two groups. A paired t-test 

was used to compare the pre- and post-test statistics in 

each group, and an independent t-test was used to compare 

the statistics between groups. The statistical significance 

level was set to α=.05.

Ⅲ. Results

1. Changes of 10mWT

A comparison of the 10mWT before and after the 

experiment revealed a statistically significant decrease only 

in the experimental group after six weeks of intervention 

compared to that before the intervention (p<.05) (Table 2).
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2. Changes in the F8WT

1) Changes in the number of steps

Only the experimental group showed a significant 

decrease in the number of steps in the F8WT after six 

weeks of intervention compared to that before the 

intervention (p<.05) (Table 2).

2) Changes in time required

Only the experimental group showed a significant 

decrease in the F8WT after six weeks of intervention 

compared to that before the intervention (Table 2).

3. Change of DGI

The experimental group showed a significant decrease 

in the DGI after six weeks of intervention compared to 

that before the intervention but not the control group 

(p<.05). (Table 2).

Ⅳ. Discussion

The balance ability and posture control of stroke patients 

are important factors in their posture and walking[20], and 

disability occurs as a result of sensory- motor impairment. 

Sensory abnormalities can occur in both left and right 

hemiparesis, which causes an unstable posture and 

difficulty in the activities of daily living, such as balance 

and gait[21]. 

For stroke patients, the ultimate goal of rehabilitation 

is independent and functional walking. For stroke patients 

with reduced ability to walk, an increase in walking speed 

leads to improvements in everyday life[22]. This study 

examined the effects of a program that stimulates the 

vestibular system involved in balance ability on the walking 

ability when applied to chronic stroke patients.

In this study, the 10mWT was measured to determine 

the change in speed in a straight walk. The vestibular 

training group showed a significant difference between 

before and after the experiment, and there was a statistically 

significant difference between the control and vestibular 

Pre Post p

10 mWT

(unit; sec)

Experimental 19.90±5.23a 16.18±6.37 .032*

Control 20.21±6.78 19.42±7.54 .086

p .079 .026*

Step in F8WT

(unit; step)

Experimental 26.53±6.73 18.59±5.86 .001*

Control 25.96±5.75 24.67±7.43 .094

p .265 .005*

Time in F8WT

(unit; sec)

Experimental 24.74±5.97 16.57±6.46 .000*

Control 23.76±6.56 22.54±7.76 .163

p .254 .000*

DGI

(unit; point)

Experimental 17.00±5.75 21.30±4.38 .032*

Control 15.97±4.67 15.45±5.97 .341

p .154 .002*
aMean±SD, *p<.05, Experimental : Vestibular sensory stimulation training group

Control : General exercise group

Table 2. Change in the variables
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stimulation training group. The walking ability is based 

on efficient posture control, which is necessary to control 

the vestibular sense, vision, and proprioceptive sensation 

[23]. The vestibular stimulation training program of this 

study appears to have influenced the postural control by 

appropriately stimulating the vestibular sense.

Twenty to fifty percent of all steps in human daily life 

consist of redirecting movements[24]. On the other hand, 

stroke patients have difficulty in redirecting movements, 

which is related to the motor system that provides 

information on the head movement and position[25].

In this study, the number of steps and time were 

measured using the F8WT, which was designed to measure 

the walking ability in a curve. As a result, the vestibular 

stimulation training group showed a significant decrease 

in the number of steps and the time taken compared to 

the control group. The decrease in the number of steps 

and time at the same distance can be explained as an 

increase in stride. Generally, the faster the gait velocity, 

the shorter the double support period of the gait cycle. 

In other words, the period of supporting with one leg is 

longer, highlighting the positive influence on the vestibular 

system.

Nakamura et al.[26] confirmed that pusher behavior was 

reduced by applying galvanic vestibular stimulation to 

stroke patients with pusher behavior. As a result, the 

improvement in weight distribution of the left and right 

legs positively affected walking. In addition, the DGI score 

for measuring the functional gait ability was increased 

significantly in the vestibular training group, which is 

consistent with Jeong and Choi[27], who reported 

improvement in the balance and walking ability, including 

the DGI after vestibular stimulation despite being somewhat 

different in the vestibular stimulation method. Therefore, 

vestibular stimulation training was found to be helpful for 

improving the walking ability of stroke patients. Further 

study of vestibular stimulation will be helpful for stroke 

rehabilitation. Future studies should examine a range of 

patient populations and develop various vestibular 

stimulation training programs for functional improvement.

Ⅴ. Conclusion

The vestibular sensory stimulation program was 

effective in improving the curved walk (F8WT) and straight 

walk (10mWT) ability of stroke patients and improved the 

DGI as a functional gait test. Therefore, the vestibular 

sensory stimulation program used in this study can be used 

in rehabilitation programs of stroke patients at home and 

hospitals.
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