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Abstract

Background: Peripheral vestibular disorders are common disorders among population with increased prevalence
with age advancement, manifested by balance disorders and postural instability that negatively affect daily activities
and social participation.

Objectives: To investigate the effect of transmastoidal galvanic stimulation added to a designed vestibular
rehabilitation program on recovery outcomes in Egyptian patients with unilateral peripheral vestibular disorders.

Subjects and methods: Forty patients (from both sexes) diagnosed with unilateral peripheral vestibular weakness
were evenly and randomly designated into two groups: study and control groups. The study group received
transmastoidal galvanic stimulation, in addition to a vestibular rehabilitation program, whereas control group
undergone vestibular rehabilitation program only. Treatment sessions were conducted three times weekly for four
successive weeks. Assessment of vestibular canal weakness was carried out using videonystagmography, postural
stability using computerized posturography, while participation in daily activities was carried out using Vestibular
Disorders Activities of Daily Living Scale (VADL). All assessment measures were carried out pre- and post-treatment.

Results: Study group showed improvement of post-treatment scores of canal weakness, postural stability
parameters, and VADL scale in reverse to control group that showed improvement of scores of preference and
VADL only. A statistically significant difference was found between both groups in post-treatment scores of canal
weakness, total equilibrium composite, and vestibular component with more improvement in the study group.

Conclusion: Adding transmastoidal galvanic stimulation to vestibular rehabilitation exercises for unilateral
peripheral vestibular disorders improves the recovery outcomes of vestibular canal weakness, equilibrium, and
vestibular components of postural stability.
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Introduction

Vestibular dysfunctions can affect the overall quality of
life for the affected patients. They are disabling disorders
that can affect the patient’s daily functions including so-
cial interactions/participation [1]. Despite the known
disabling effects of vertigo, the exact impact on daily ac-
tivities and social participation is not fully elucidated [2].

Unilateral peripheral vestibular disorders are defined as a
disease or injury that affects the inner ear or higher centers
that process the sensory information incorporated with con-
trolling eye movements and postural balance. Unilateral weak-
ness was defined as discrimination between the right and left
side more than 25% in response to caloric testing [3, 4].

Activities of daily living (ADL) such as bathing, dressing,
or moving around have been reported to be trivially re-
stricted by chronic dizziness or imbalance, distressing
33.4% of adults with chronic imbalance and 11.5% of adults
with chronic dizziness. The throbbing economic and social
effects of dizziness are significantly underestimated [5].

Vestibular rehabilitation therapy (VRT) is an exercise-
based treatment program used to improve vertigo, en-
hance gaze stability, provide postural stability, and im-
prove participation in ADLs [6]. Vestibular rehabilitation
exercises are typically based on motor learning princi-
ples. These exercises are subcategorized into: (i) adapta-
tion exercises including visual/vestibular interaction and
eye/hand coordination, implemented through repetitive
and provocative movements of the head and/or eyes;
(ii) habituation training using motion to habituate ac-
tivity in vestibular nuclei; (iii) substitution which
based on the use of single or combined sensory in-
puts to compensate for impaired vestibular input; (iv)
postural control exercises, relaxation training, recondi-
tioning activities, and functional/occupational retrain-
ing [7].

Transmastoidal galvanic stimulation has been identified
to have a comprehended value to identify vestibular signal
role in regulation of postural stability and balance during
gait. This type of stimulation acts through booming the
rate of firing of vestibular afferents by cathodal (negative)
flow and diminishing vestibular afferents through anodal
(positive) flow. Subsequently, asymmetrical tonic vestibu-
lar response is produced by the use of consistent bipolar
galvanic current. This response causes standing subject to
incline with different bearings according to current polar-
ity and subject’s head position [8].

Despite the proved effect of transmastoidal galvanic
stimulation on postural stability in neurological disor-
ders, there is a gap in the area of usage of transmastoidal
galvanic stimulation as a treatment method for unilateral
vestibular weakness and detecting its impact on postural
stability components with implantation of videonystag-
mography findings as a method for detecting recovery in
those patients. Accordingly, this study was conducted to
investigate the effect of transmastoidal galvanic stimula-
tion when added to a designed vestibular rehabilitation
on recovery outcomes in Egyptian patients with unilat-
eral peripheral vestibular disorder.

Subjects and methods

This is a prospective randomized, double-blinded, con-
trolled clinical trial. The study was conducted between
February 2019 and January 2020 following the Guide-
lines of Declaration of Helsinki on the conduct of hu-
man research. The study was approved by the
institutional review board at the Faculty of Physical
Therapy, Cairo University, with a reference number (No:
P.T. REC/012/002202). It was registered on the website
of clinical trials.gov with identification number
(NCT04010435).

Sample size was determined prior to initiation of the
study using G*power (version 3.1.9.2). Sample size calcu-
lation based on multivariate MNOVA: Global effect test,
type I error (alpha = 0.05), and the effect size were ob-
tained from the previous studies done on effect of trans-
mastoidal electrical stimulation. Based on the data from
these studies, it was estimated that a sample size of
minimum 34 patients (17 patient in each group) would
achieve a power of 95% (type II error) to detect effect
size of 0.95 in the outcome measures of interest and
after considering a 15% drop-out rate.

A convenient sample of 70 patients with chronic un-
compensated unilateral peripheral vestibular weakness
was screened for study eligibility (Fig. 1). Patients were
enrolled from the Audiology and Balance Disturbances
Out-patient Clinic, Faculty of Medicine, Cairo Univer-
sity. They were assessed for their eligibility to participate
in the study; only forty subjects (of both genders) were
enrolled. All patients were informed about the aim and
procedures of the study with their right to withdraw
whenever they want, and they signed consent form prior
to participation.
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Excluded (n=30)
» Not meeting criteria (n=25)
7 Refused to participate (n=5)
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(n=70)

Randomized (n=40)

Intervention group (n=20)

Designed vestibular rehabilitation + Transmastoidal
galvanic stimulation

3times/week for 4 weeks

Analyzed (n=20)

Fig. 1 Consort flow diagram. Seventy patients were assessed for eligibility to participate in the study. Thirty patients were excluded; twenty five
patients were excluded as they do not fit inclusion criteria and five patients refused to participate. The remaining forty patients were randomized
and equally divided into two groups, study group and control group. The study group included twenty patients who had completed the whole
4-week program and were involved in final analysis, whereas the control group included twenty patients, with three patients discontinued
treatment sessions (15% drop out), two patients for social reasons and one patient due to severe vertigo, with total number of patients that was
analyzed seventeen patients. The total number of patients analyzed during this study was thirty seven patients.

]

Control group (n=20)
Designed vestibular rehabilitation
program

3 times/weeks, for 4 weeks

Discontinued
intervention for social
reasons / sever vertigo
(n=3)

= Analyzed (n=17)

Inclusion criteria were patients diagnosed by an audi-
ologist as a chronic uncompensated unilateral peripheral
vestibular weakness, age ranged from 30 to 60 years, and
duration of illness ranged from 4 to 32 months.

Exclusion criteria were benign paroxysmal positional
vertigo, bilateral peripheral vestibular weakness, central
vestibular disorders, acute vestibular weakness, vertigo of
vascular origin (Vertebro basilar insufficiency (VBI)) or
cervical origin, and prior surgery of the ear. Patients with
epilepsy, major psychiatric condition, unstable health
conditions (cardiac dysfunction, end stage renal failure),
patients with electrically implanted device, significant
orthopedic problems, major cognitive dysfunction, chronic
use of medications that influence motor or sensory excit-
ability (antiepileptics or antipsychotic drugs), and alcohol
abuse were also excluded [9, 10].

Patients were randomly divided into two groups, study
group and control group, twenty patients in each group, by
a blinded, independent research assistant who used random
cards generated automatically by a computer (Fig. 1).

The study group received a transmastoidal galvanic
vestibular stimulation, in addition to designed vestibular
rehabilitation program (Vestibular exercises in the form
of Cawthorne Cooksey exercises, gaze stabilization exer-
cises, and postural control exercises) [8].

Transmastoidal galvanic vestibular stimulation was ap-
plied using a “phyaction 787-series made in holland” de-
vice. Transmastoidal GVS was applied from sitting
position on a chair with a back support. The feet rested
on the ground with 90° flexed hips and knees. The

inclination of the feet with respect to vertical line was
around 30°, and the distance between them was 10cm
[11]. Trans-mastoid GVS was applied through two ECG
adhesive electrodes (3 x 4 cm?) after cleaning of the skin
with alcohol. Bipolar orientation had been used; the anode
had been placed on the mastoid process of healthy side
while the cathode had been placed on the mastoid process
of the affected side. The stimulation period lasted for 5
min in every setting with current intensity of about 4
milliampere (MA) and frequency of 0.5-1 Hz [12, 13].
Cawthorne Cooksey exercises were carried in the fol-
lowing sequence: 1st in bed exercises; eye movements (up
and down, side to side, focusing on a finger that is one feet
distance); head movements (bending up and down, side to
side first with eye opened then closed). Second, sitting ex-
ercises involved same eye and head movements, shoulder
shrugging, turning head and trunk alternately to the right
and left, bending head and trunk forward, and pick an ob-
ject from the ground. Third, standing exercises involved
same eye, head, and shoulder movements, changing pos-
ition from sitting to standing with eye open then closed,
throw a ball from hand to hand above eye level, throw a
ball from hand to hand beneath knee, changing position
from sitting to standing and turn around in between.
Fourth, moving around exercises where the patient re-
volved around a person sitting in the center who throw
him a ball and to whom it was returned. Walk around
room with eye open then closed, walk up and down a
slope with eye open then closed, walk up and down stairs
with eyes opened then closed and finally any activity
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involved throwing and catching a ball. All exercises were
progressed from slow to fast rhythm. Depending on indi-
vidualized severity of vertigo, patients displayed different
rates of progression from the exercises done in bed to
those on sitting or standing positions [14, 15].

Gaze stabilization exercises’ aim was to enhance per-
son’s vision and ability to tract a fixed object while the
head is moving. The rules of gaze stabilization exercises
were based on previous studies. Patients performed exer-
cise for gaze stability for 20 min [7].

Postural control exercises involved in this program in-
cluded balance training from an upright standing pos-
ition with different sensory input, changing body
position, and walking training [16, 17].

The control group received the same designed vestibu-
lar rehabilitation program received by study group.

Patients performed 40 min for whole vestibular rehabilita-
tion with time for rest in between exercises [18]. The ves-
tibular rehabilitation exercises were applied for four
successive weeks with a frequency of three sessions per
week for 4 weeks [19, 20]. The duration of session was 40
min for the control group and 45 min for the study group
(5 min for galvanic stimulation + 40 min for rehabilitation
exercises).

Outcome measures are categorized into primary out-
come measure, videonystagmography, and secondary
outcome measures that included computerized dynamic
posturography and vestibular disorders of daily living
scale (VADL); both outcomes were implemented pre-
and post-treatment by another assessor who was blinded
about subject group allocation.

Videonystagmography (VNG) was used to assess uni-
lateral vestibular canal weakness. It was used with caloric
testing to analyze eye movements using video imaging
technology, in which hi-tech video goggles with infrared
cameras were used (Visual Eyes 2 channel for windows,
version 8 release 1 (8.1.4)).

Computerized dynamic posturography was used to assess
postural stability. Balance master (Version 8.0) (NeuroCom®
International, Inc., Clackamas, USA), sensory organization
test (SOT) where six conditions were assimilated challen-
ging components of sensory integration to maintain upright

Table 1 Sensory organization testing
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postural control [21]. The participants performed the six
conditions of SOT and repeated each trial 3 times. Each
trial lasted for 20 s in duration. Each person completed the
testing in the standardized order as shown in Table 1.

A total equilibrium score was calculated to identify
how much a participant can maintain his limits of stabil-
ity in antro-posterior direction. The overall composite
score was computed by integrating average score of each
of six equilibrium conditions. Higher composite score
reveals higher postural control. Interpretation of ratio
scores of the somatosensory, visual, and vestibular sys-
tems conveys how much a participant is able to use
those specific sensory cues for balance. The preference
ratio defines how well a participant can ignore inaccur-
ate visual clues in a situation of visual conflict [22],
(Table 2).

Activities of daily living was assessed using Vestibular
Disorders Activities of Daily living Scale (VADL) in
which individuals rate their self-perceived disability level.
The questionnaire includes 3 subscales: functional, am-
bulatory, and instrumental. The functional subscale eval-
uates individual’s basic self-maintenance tasks; the
ambulatory subscale evaluates perception of mobility re-
lated skills; and the instrumental subscale looks at self-
perception in higher-level more socially complex tasks.
Each item ranged from 1 (independent) to 10 (too diffi-
cult, no longer performed) [23].

The Arabic version of the VADL was used in the
current study. This version is a valid one; in which for-
ward and backward translation of the original scale was
performed in the translation center at Cairo University.
It was obtained from audiology and balance disturbances
out-patient clinic, Faculty of Medicine, Cairo University.

Statistical analysis

All statistical analysis was performed using statistical
package for the Social Sciences SPSS program version 20
for Windows (SPSS, Inc., Chicago, IL).Values were
expressed as mean and standard deviation; prior to stat-
istical analysis, data was tested for homogeneity and nor-
mality. Normality was tested using Shapiro-Wilk test,
and outliers were identified by box and whisker plots.

Test condition Eyes Surroundings Platform Sensory system used
1 Open Fixed Fixed Somatosensory

2 Closed NA Fixed Somatosensory

3 Open Sway referenced Fixed Somatosensory

4 Open Fixed Sway referenced Vision

5 Closed NA Sway referenced Vestibular

6 Open Sway referenced Sway referenced Vestibular

Adapted from Balance Manager Systems Clinical Interpretation Guide Computerized Dynamic Posturography, NeuroCom

NA not available
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Table 2 Sensory analysis interpretation

Ratio Condition comparison
Somatosensory (SOM) 2to1

Visual (Vis) 4t01

Vestibular (Vest) 5to1

Preference (Pref) B3+6)to(2+5)

Adapted from Balance Manager Systems Clinical Interpretation Guide
Computerized Dynamic Posturography, NeuroCom

Homogeneity of covariance was tested by Levene’s test.
With the presented findings of normal distribution of
dependent parametric variables, the following statistical
procedures were conducted: Descriptive statistical analysis
and independent ¢ test was conducted for comparison of
the subject characteristics between two groups and for
clinical description of patients (age, weight, height, BMI,
and duration of illness). 2 x 2 mixed multivariate analysis
of variance (MANOVA) was used to compare the effect of
treatment on mean values of canal weakness, total equilib-
rium composite, somatosensory (SOM), visual (Vis), ves-
tibular (Vest), preference (Pref), and Vestibular Disorders
Activities of Daily Living Scale. The level of significance
for all statistical tests was set at p < 0.05.

Results
General characteristics of participants of both groups are
represented in Table 3.

Within group analysis

There was significant decrease in canal weakness mean
scores post-treatment in the study group (p < 0.05) in
reverse to the control group that shows no significant
difference post-treatment (p > 0.05). Measurements of
postural stability parameters showed significant increase
of all mean scores post-treatment in the study group (p
< 0.05), while in the control group, there was significant
increase in the mean Pref scores post-treatment (p <
0.05); however, total equilibrium composite, SOM, Vis,
and Vest mean scores showed no significant difference
between pre- and post-treatment values (p > 0.05).

Table 3 General characteristics of participants
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VADL mean scores showed significant increase (p <
0.05) in both groups post-treatment.

Comparison between both groups

Comparison between groups showed significant differ-
ence in post treatment mean scores of canal weakness,
total equilibrium composite, and Vest between both
groups with more improvement in the study group (p <
0.05). However, there was no significant difference (p >
0.05) in post-treatment mean values of SOM, Vis, Pref,
and VADL between the two groups (Table 4).

Discussion

Unilateral peripheral vestibular dysfunctions are one of
the most common causes of dizziness seen by health
care professions, influencing dependency in self-care and
mobility skills. To the best of our knowledge, no previ-
ous studies were conducted to investigate the impact of
transmastoidal galvanic stimulation as a treatment
method for unilateral vestibular weakness and detecting
its impact on postural stability measured by computer-
ized dynamic posturography. Also, implantation of
videonystagmography findings as a method for detecting
recovery outcome correlating it with outcomes of dy-
namic computerized posturography and participation in
activities of daily living is considered as a new perspec-
tive we tried to cover in this study.

The current study showed significant improvement of
canal paresis (weakness) in the study group post-
treatment. This can be explained by the fact that bither-
mal caloric videonystagmography testing is usually an ac-
customed test assessing the horizontal canal function.
Temperature fluctuations induce endolymph shifts caus-
ing hair cell activation. Traditional VNG testing evaluates
only superior branch of the vestibular nerve and angular
vestibulo-ocular reflex pathway. It does not test the func-
tions of the utricle and saccule [24]. Regarding study
group, galvanic vestibular stimulation has been found not
only to stimulate otolith and semicircular canals afferents
but also might influence vestibular hair cells [25, 26]. GVS
bypasses the hair cells and alters the firing rate of vestibu-
lar afferents that innervate underneath mastoids firing the

[tems Groups (mean + SD) t p value
Galvanic group Control group value

Age (year) 4370 £ 8.16 4282 £ 6.87 0.349 0.728 (NS)

Weight (kg) 7555 £ 10.11 7712 £9.11 0491 0.626 (NS)

Height (cm) 16345 £ 6.27 166.29 + 7.81 1.228 0.227 (NS)

BMI (kg/mz) 2827 £ 3.36 27.92 £ 3.05 0.178 0.860 (NS)

Duration of illness (month) 14.25 + 763 15.35 + 6.59 0.644 0466 (NS)

Data are represented as SD standard deviation, BMI body mass index, p value probability value

NS non-significant
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Table 4 Comparison of measured variables pre- and post-treatment within and between both groups
Variables Groups (mean + SD) F value P value
Galvanic group Control group
Canal weakness Pre-treatment 5775+ 20.21 5864 + 23.13 0.016 0.901 (NS)
Post-treatment 2230 £ 2242 45.00 + 2361 8.972 0.005 (5)
Mean difference 3545 13.64
Improvement % 61.39% 23.26%
F value 27578 2.897
P value 0.0001 (S) 0.098 (NS)
Total equilibrium composite Pre-treatment 3960 +11.16 4571 +12.99 2.365 0.133 (NS)
Post-treatment 66.95 + 16.69 49.12 £ 13.98 12.145 0.001 (S)
Mean difference 27.35 341
Improvement % 69.07% 7.46%
F value 37.109 0.543
P value 0.0001 (S) 0467 (NS)
Somatosensory score Pre-treatment 9035 + 857 91.76 £ 935 0.230 0.634 (NS)
Post-treatment 95.65 £+ 530 9429 + 748 0413 0.524 (NS)
Mean difference 530 253
Improvement % 5.87% 2.76%
F value 5.528 0.758
P value 0.024 (5) 0390 (NS)
Visual score Pre-treatment 39.76 + 7.08 4177 + 2629 0.108 0.744 (NS)
Post-treatment 5575 £21.20 4194 + 27.53 2.966 0.094 (NS)
Mean difference 15.99 0.17
Improvement % 40.22% 041%
F value 10.227 0.000
P value 0.003 (S) 0.985 (NS)
Vestibular score Pre-treatment 25.72 +19.78 1947 + 1948 0.929 0342 (NS)
Post-treatment 45.75 £ 2546 21.76 £ 21.56 9.364 0.004 (5)
Mean difference 20.03 229
Improvement % 77.88% 11.76%
F value 7.722 0.106
P value 0.008 (5) 0.747 (NS)
Preference score Pre-treatment 76.60 + 825 82.72 +9.02 3.207 0.082 (NS)
Post-treatment 90.55 £ 8.56 94.56 = 7.96 1.664 0.205 (NS)
Mean difference 13.95 11.84
Improvement % 1821% 14.31%
F value 27513 9.131
P value 0.0001 (5) 0.005 (S)
VADL score Pre-treatment 101.75 + 2942 9459 + 45.74 0.330 0.569 (NS)
Post-treatment 6220 + 21.99 67.18 = 37.08 0.255 0.616 (NS)
Mean difference 39.55 2741
Improvement % 38.87% 28.98%
F value 23.182 6.684
P value 0.0001 (S) 0.024 (S)

Data expressed by mean + SD: meanz standard deviation, (NS) nonsignificant (p > 0.05), (S) significant (p < 0.05), P probability, VADL Vestibular disorders activities

of daily living scale
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brainstem nuclei and consistently activate the sensory
system-associated cortical and subcortical regions [16, 27,
28].

The present study disclosed improvement of canal
weakness in the study group speculating that galvanic
stimulation could enhance neurophysiological effects of
vestibular rehabilitation exercises; these findings are in-
coherent with findings of Ricci and colleagues [29] who
declared that VRT plays a major role in attaining ves-
tibular compensation by means of central neuroplasticity
mechanisms, with the target to temper or eradicate the
vestibular manifestations. That can be physiologically ex-
plained by the fact that motion activates other sensory
inputs (visual, proprioceptive, and somatosensory sys-
tems) [30].

Many studies had implied that after peripheral vestibu-
lar complications such as following labyrinthectomy,
electrical stimulation can accelerate the compensatory
process [31]. The vestibular symptoms that are elicited
after unilateral peripheral lesions are recognized to an
imbalance between resting discharge of either sides, and
a decrease in signs and symptoms could also be achieved
by CNS compensation. During CNS compensation, a de-
crease in nuclear activity in both medial vestibular nuclei
occurs. This decrease in electrical activity is greater on
the contralateral side than on the ipsilateral side. The ip-
silateral nucleus undergoes a regeneration of its resting
activity near the top of critical stage or the start of the
acute stage [32].

Regarding postural stability, our study showed signifi-
cant improvement in all measured parameters post-
treatment in the study group, while in the control group,
the scores of preference was improved post-treatment,
but no significant difference was detected regarding pos-
turography equilibrium composite, SOM, Vis and Vest
scores post-treatment. These results agreed with
Kataoka and colleagues [33] who reported enhancement
of axial motor characteristic and postural instability of
parkinsonian patients in response to transmastoidal gal-
vanic stimulation. Also, Nooristani and colleagues [34]
reported that postural balance following 30 min of nGVS
led to a sustained post-stimulation improvement.

Further, Fujimoto and colleagues [35] examined the ef-
fects of lengthy-time period utility of n GVS on static pos-
tural stability in benign positional vertigo patients and
found that nGVS has a tremendous post-stimulation im-
pact on postural stability especially on the rate of displace-
ment of the center of pressure that lasts for several hours.
In contradiction, Barozzi and colleagues [36] compared
the outcomes of oculomotor rehabilitation on static bal-
ance and a dizziness handicap to the outcomes of vestibu-
lar electrical stimulation in twenty eight patients, using
static posturography and the dizziness handicap inventory
short form. They found no significant difference before
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and after treatment, revealing that both forms of therapy
are effective.

Improvement of postural stability in the group that re-
ceived galvanic stimulation can be explained through
previous fMRI studies that had shown that GVS is liable
to elicit activations within the fissure of Rolando, pre-
and post-central gyri, middle, and inferior frontal gyri,
supplementary motor region, cingulate cortex, inferior
parietal lobule, insula and insular cortex and the cerebel-
lum that has been implicated in vestibular perception
[28, 37]. In another fMRI study done by Fink and col-
leagues [38] investigating the galvanically induced effects
on neural mechanisms underlying allocentric visuo-
spatial adjustments in normal individuals, showing acti-
vation within the right ventral prefrontal and posterior
parietal cortices.

In this study, it was observed that participants treated
with galvanic stimulation presented with improved vis-
ual, vestibular, and somatosensory components of pos-
turography after treatment, whereas patients dealt with
vestibular rehabilitation physical activities showed im-
provement in the preference component only. These can
be explained through Barozzi and colleagues [36] who
reported that oculomotor training (gaze stabilization and
Cawthorne Cooksey eye movements exercises) stimulat-
ing the proprioceptors of extraocular muscle probably
provides somatosensory supplementary indicators that
act on postural stability, while galvanic stimulation facili-
tates vestibular nuclei through the spino-vestibular
pathways.

The results revealed by this study showed that the
Values of Vestibular Disorders Activities of Daily Living
Scale showed significant improvement post-treatment in
both groups, with no significant difference between the
two groups. This might suggest that the greater impact
on participation in activities of daily living was mainly
influenced by vestibular rehabilitation exercises. The im-
provement in the functional skills can be mostly attrib-
uted to decrease in the intensity of vertigo and
improvement of postural stability as vestibular rehabili-
tation accelerates reimbursement and medication acts to
suppress the labyrinthine. Since subjects felt better, shift-
ing their head did no longer elicit vertigo, so they were
better able to have interaction in self-care, mobility,
home control, and vocational activities [39].

Cohen [40], conducted a study on twenty patients with
chronic peripheral vestibular disorder randomly assigned
into two groups, control group (only medication) and ex-
perimental group (vestibular habituation). Result showed
that the total and all sub scores of VADL showed a very
highly significant change in the experimental group fol-
lowing treatment, and they concluded that activities of
daily living improved following vestibular rehabilitation as
compared to medication only. Patatas and colleagues [41]
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also determined a tremendous improvement in the high-
quality of life (assessed with dizziness handicap inventory)
after vestibular rehabilitation protocol, unbiased of age
and gender.

Gananga and colleagues [42] reported that therapeutic
exercises must be designed according to many consider-
ations taking into account the individual’s specific vestibu-
lar trouble, elimination of underlying disease, controlling
of vertigo, vestibular neurophysiological compensations,
and prevention of the irritating factors and the possible
neurovegetative and psychoeffective symptoms. Despite
the fact that there are numerous alternatives to relive or
alleviate dizziness and its associated signs and symptoms,
there is a growing inception that therapeutic motion is es-
sential for patient’s welfare, adopting the concept that this
therapeutic motion must be properly tolerated by the pa-
tients with minimal side effects [42].

In a previous study by Aw and colleagues [43], forty pa-
tients were treated by combined galvanic vestibular stimula-
tion and conventional vestibular rehabilitation showing a
significant improvement compared to those on conventional
vestibular rehabilitation alone. Those authors additionally
performed sham stimulation on patients in the conventional
vestibular rehabilitation group to eliminate any psycho-
logical improvement, which consolidate our results. Add-
itionally, previous reports documented that galvanic
vestibular stimulation is effective in unilateral vestibular
pathologies [44] and enhanced vestibulo-ocular reflex in
patients with sporadic episodes like Méniere’s disease [45].
Although galvanic vestibular stimulation procedure and ves-
tibular rehabilitation exercises are a non-invasive interven-
tions that affect vestibular afferents similarly [43], however,
GVS has both direct and indirect effects such as influencing
posture, sway pattern of the body, and gait [10].

The current results suggest that a training program
using GVS combined with selected physical therapy ex-
ercises improved objective measures of recovery out-
comes in chronic unilateral vestibular disorders. This
improvement occurred in a phase (after 3 months from
onset) when significant recovery or functional gains are
poorly expected. Furthermore, the improvement of re-
covery in the current study was not only seen in vestibu-
lar canal paresis or postural stability but also translated
into clinically meaningful improvement in ADL activity
and functions, and reduction of disability. It may be
important to GVS to be combined with conventional
programs. These findings set directions for future
studies to overcome some of the limitations of the
current study: firstly, the lack of follow-up for several
months post rehabilitation program to evaluate the
long lasting effect, secondly, certain secondary out-
come variables such as selective evaluation of degree
of dizziness and its correlation with degree of canal
paresis and level of disability.
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In the view of this study, adding on of galvanic ves-
tibular stimulation to ordinary vestibular rehabilitation
programs can have a clinical influence on overall recov-
ery and regaining of the ability to participate more func-
tionally at activities of daily living improving quality of
life of patients suffering from unilateral peripheral ves-
tibular disorders.

Conclusion

Adding transmastoidal galvanic stimulation to the de-
signed vestibular rehabilitation program yielded signifi-
cant improvement of canal paresis and some parameters
of postural stability more than participation in activities
of daily living.
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