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Purpose: We investigated a better method to enhance the vestibular system including balancing by comparing the
vestibular stimulation exercise (VSE) and galvanic vestibular stimulation (GVS).

Methods: The study was performed with 40 subjects randomized into four groups, including a control group, a VSE group,
a GVS group, and a VSE with GVS group. The subjects of VSE performed a forward and backward roll, a right side and left side
roll, and an equilibrium board in vestibular stimulation training. GVS was applied for 10 minutes and the cathode and anode
side were then changed and GVS was then applied for the remaining 10 minutes. GVS was applied for 20 minutes to the
subjects of this group after completion of the VSE program.

Results: In the control group, all conditions were significantly decreased (p<0.05) compared to the VSE with GVS group.
Also, the center of pressure (CoP) surface was more significantly decreased (p<0.01) and the CoP speed was significantly
decreased in the one legged stance (p<0.05) in the control group compared to the GVS group.

Conclusion: These findings suggested that GVS training increases balance ability in a narrow width. VSE with GVS training
is therefore recommend as the superior method. Using GVS or VSE with GVS training is considered to clinically improve

balance ability by stimulating the vestibular system.
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I. Introduction

Balance on normal standing has been explained as the ability to
maintain the body’s center of gravity (COG) over its base of
gravity (BOG) with limited postural sway.! The postural
adjustments underlying good standing balance result in an
integration of vestibular, vision-into effective motor responses,
and afferent input-proprioceptive, that minimize the body’s
center of mass within its BOG.” The vestibular organs in sensory
input from many sources are used to maintain balance.’

The vestibular apparatus is located in the inner ear and
comprises two parts: the semicircular canals and the otolith
organs.4 Angular acceleration stimulates the semicircular canal

primary while transient linear acceleration stimulates the otolith

organs and changes in head position with respect to gravity.

These stimuli lead to tonic and phasic vestibulospinal and
vestibuloocular reflexes, which act on the limbs and head to
maintain posture.” It is known that the vestibular system is
disturbed and stimulated by changing the position of the head.

Ayres has theorized that vestibular system exercise has an
influence inclusive of on-going sensory experiences and that
therapy including vestibular stimulation may activate synapses.
She also founded the use of vestibular simulation as an aspect of
sensory-integrative treatment developed for children with
learning disorders.® Also, vestibular stimulation exercise has been
used in generally widespread treatment programs for children
and infants.”

Galvanic vestibular stimulation (GVS) produces a pattern of
firing in the vestibular nerves that mimics the natural rotation of

the head approximately in its roll plane.8 Also, it has predictable

The Influence of Vestibular Stimulation Training on Static Balance during Standing in Healthy Young Adults



J Kor Soc Phys Ther 2011;23(6):71-76

and large effects on the balance system.” GVS evokes the pattern
of muscle activity, taking into account the orientation of all body
segments from the head to the feet.

Several forms have been suggested for quantification of
balance, involving measuring the movement of the COG under
various testing conditions. The center of pressure (CoP) changes
the quantified control of posture in a quiet stance in the
anterior-posterior (A/P) and medial-lateral (M/L) directions.’
To measure the vertical force projected on these directions by a
standing subject, force platforms are commonly used. The
direction and magnitude of the sway is determined by the
changes in the relative pressure on each foot as the subject sways
in any direction.'’

A number of studies have examined the effect of vestibular
stimulation exercise (VSE) or GVS on static balance during
standing. However, they do not compare VSE with GVS.
Therefore, the purpose of this study was to search for a better
method to enhance the vestibular system for even balancing by

comparing VSE, GVS, and VSE with GVS.

Il. Methods

1. Subjects

The study was performed with 40 volunteer students from S
University in Nam-won city from April 18th to May 16th 2011.
The subjects agreed to participate in the experiment after the
aims of the study were explained. The participants are
randomized into four groups including a control group (n=10,
age=21.5+2.7 years, height=17127.0 cm, weight=61.6+6.5 kg),
the VSE group (n=10, age=23.5£1.7 years, height=167.8+8.1
cm, weight=61.9+13.6 kg), the GVS group (n=10, age=21.6
+1.9 years, height=165.2+6.8 cm, weight=61.9+12.3 kg), and
the VSE with GVS group (n=10, age=20.8+1.2 vyears,
height=170.2 £6.2 cm, weight=66.7+8.1 kg). The subjects are
able to independently stand with their feet together in a straight
line for over 1 minute and they are able to perform a one legged
stance on their dominant side for over 15 seconds. Also, they
were able to forward roll and backward roll. However,
participants who showed signs of a vestibular problem, or had

any other medical disorder were excluded.

2. Experimental methods

All subjects were tested before training. Vestibular stimulation
training was conducted 5 times a week for three weeks. 6
subjects performed a pre-experimental process for 5 days to set

the intensity of the training.

1) VSE

In this study, the vestibular stimulation exercise suggested by
Hwang'' and Park'? was modified and used. It included a
forward and backward roll, a right side and left side roll, and an
equilibrium board in vestibular stimulation training. The roll
was performed independently 15 times for 3 sets, and the
equilibrium board exercise was passively performed with
assistance from a supporter 20 times for 3 sets. Also, a 1 minute
rest was given between each exercise. The equilibrium board was
applied in the supine position, prone position, and long sitting

position.

2) GVS

In this study, GVS (ENDOMED 581, Enraf Nonius co.,
Netherlands) was delivered through self-adhesive plate electrodes
(medical electrode 2223, Bioprotech, Korea), in which the
electrode radius is 2.5 cm and the electrodes were coated with
electrode gel. The electrodes were placed on the mastoid process
of the temporal bone. 10 minutes after application, the cathode
and anode sides were changed and GVS was applied for the
remaining 10 minutes. The phase duration for the standard
stimulus was 300 ms, the phase interval was 700 ms, with a
single-phase rectangular waveform, and the stimulus intensity was
1.5 mA. The subjects performed a stable stance position with

closed eyes."

3) VSE with GVS
For the subjects of this group, GVS was applied for 20 minutes

after completion of the VSE program.

3. Measurement

For a measured balance, we used a balance measuring system,
BioRescue (RM INGENIERIE, France). The measurements
were performed in two positions, a tandem stance and a one
legged stance. The tandem stance was measured at 1 minute
intervals, and the subjects stood on their non-dominant foot

placed in front of their dominant foot. The one legged stance
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was measured at 15 seconds, with the subjects standing on their
dominant foot. The subjects took a break with closed eyes for 5
minutes in each test. The measurements were taken two times

and the average value was used.

4. Statistical analyses

The SPSS 18.0 statistical program is used for data analysis. The
repeated measure of ANOVA is used for comparing the pre and
post exercise according to position. The turkey post-hoc test was

applied. The statistical significance level a was 0.05.

111, Results

1. Comparison of CoP surface at tandem stance
The average values for the CoP surface before and after training

2 and

in the control group were 3055.05£1997.68 mm
3264.15+2330.30 mm®, respectively. Also, the VSE group was
3135.80+1450.76 mm” and 2669.63+967.54 mm” at before
and after training, respectively. In the GVS group, the CoP
surface was 2823.50+1085.75 mm” and 977.60+595.41 mm” at
before and after training, respectively. For the average CoP
surface before and after training, the VSE with GVS group were
2134.00+840.40 mm”* and 709.70+431.78 mm’, respectively.
The CoP was significantly decreased in the control group

compared with the VSE with GVS group (p<0.05) (Figure 1).
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2. Comparison of CoP speed at tandem stance
The average values for the CoP speed before and after training
in the control group were 3.77£1.49 cm/s and 4.07+1.96 cm/s,
respectively. The average values showed a decrease in the CoP
speed from 4.24+1.61 cm/s to 3.27+1.20 cm/s in the VSE
group and from 4.01+1.87 cm/s to 1.82+0.59 cm/s in the GVS
group and from 3.75£1.0 cm/s to 1.38+0.38 cm/s in the VSE
with GVS group. There was a significant decrease in the control
group compared to the VSE with GVS group (p<0.05) (Figure
2).
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3. Comparison of CoP surface at one legged
stance

Before and after training, the average values for the CoP surface
in the control group were 2834.30+1990.62 mm” and 3015.50+
1816.41 mm’, respectively. The average values showed a
decrease from 3121.85+2059.37mm’to 845.65+594.17 mm? in
the VSE group and from 1803.60+862.96 mm® to 446.85+
175.72 mm” in the GVS group and from 2054.75+1101.79 mm?®
t0 347.05+159.37 mm? in the VSE with GVS group. There was
a more significant decrease in the control group compared to the
GVS group (p<0.01). In addition, there was a significant decrease
in the control group compared to the VSE with GVS group
(p<0.05)(Figure 3).
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4. Comparison of CoP speed at one legged
stance

The average values for the CoP speed before and after training in
the control group were 6.11+3.29 cm/s and 5.73+4.00 cm/s,
respectively. The average values showed a decrease in the CoP
speed from 4.36+1.41 cm/s to 3.62+2.04 cm/s in the VSE group
and from 3.71+1.70 cm/s to 1.94+0.53 cm/s in the GVS group
and from 5.27+1.95 cm/s to 1.53+0.39 cm/s in the VSE with
GVS group. There was a significant decrease in the control
group compared to the GVS group and in the control group
compared to the VSE with GVS group (p<0.05)(Figure 4).
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IV. Discussion

Problems in balance create problems in the functional tasks
required for carrying out activities of daily living."* As outlined
in the introduction, the balance system organizes the whole
body response to the vestibular signal.” There are two methods
for firing a vestibular signal, where one method is a vestibular
stimulation exercise by natural head movement,'” and the other
is a GVS-evoked input as a real head movement in space.’ In this
study, we investigated a better method for improving balance by
vestibular stimulation.

Hwang reported that vestibular stimulation affects balance
in children with central nervous system dysfunction.'' Also,
Park reported that VSE is an effective method for enhanced
maintenance of balance in cerebral palsy.'” However, the
findings in this study disagree with those of Hwang and Park.
There were decreases but these were not significant. This is
because the healthy young adults were exposed to a vestibular
stimulated environment and the training was short term. Also,
the differences may be due to the differences in the subject’s
characteristics such as height, weight, foot length, etc.

The standing ability in the tandem stance reflects the degree
of postural steadiness with a narrow base of support in the M/L
direction.'® GVS modulates the ongoing vestibular signal by
increasing the firing rate afferents on the cathode side and
decreasing the firing rate on the anodal side, causing standing
subjects to sway towards the anodal side."” For that reason, the
GVS electrode was applied at a location for stimulation from the
right side to the left side and from the left to the right side.
Therefore, while a significant decrease in the GVS group on the
tandem stance was expected, this was not shown. This is due to
the short training session.

A GVS signal conveys head movements and evokes an
automatic response that can be modified by other sensory
information about balance, which stabilizes the head in
gravito-inertial space.'® Loss of a somatosensory input evokes a
massive increase in the GVS sway response. Moreover, in the
complete loss of somatosensory input, the GVS response has a
greater order of magnitude.” In our study, GVS showed a
significant difference in the one legged stance that has a narrow
width. Therefore, we believe that the GVS training was an
effective method to maintain balance in narrow stance.

In this study, all the measurements have shown a significant
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decrease in the VSE with GVS group. This shows the combined
effect of VSE and GVS. It is assumed that the VSE with GVS
method stimulated the vestibular system naturally and
artificially. Therefore, a significant result has been shown in any
posture in this study.

In this study, GVS training is suggested to increase balance
ability in narrow width. Also, VSE with GVS training is
recommend as the superior method. Seo et al'” reported that the
visual cue and postural task affect the balance ability in normal
subjects. Also, the difficulty of posture affects static balance
ability. Therefore, we applied two difficult positions because our
study’s subjects are healthy and young. However, this shows the
limitation of our study, so further study needs to include subjects
who have s balance problem.

In the previous studies, the physiologic cause of falls proved
to be lack of equilibrium, unstable posture, weakness of leg
muscles and reduction of leg joint flexibility.”” The subjects were
exposed to a dangerous environment with an unstable condition
or narrow width. Especially, a patient with a problem has fallen
in such an environment. For the GVS or VSE with GVS training
patients, the balance ability in a difficult condition improved,
maintaining stability and preventing fall risk. Using GVS or
VSE with GVS training is considered to clinically improve

balance ability by stimulating the vestibular system.
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