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Background: Vestibular compensation is disrupted in patients with chronic vestibular syndrome. Vestibular rehabilitation is
an exercise therapy that optimizes the process of vestibular compensation. This study aimed to evaluate vir-
tual reality (VR) vestibular rehabilitation in 20 patients with vertigo due to peripheral vestibular dysfunction at
a single center.

Our study aim was to initially assess the impact of using virtual reality technology in vestibular rehabilitation.

Material/Methods: The subjects were 20 patients with unilateral vestibular hypofunction (UVH), as confirmed by videonystagmog-
raphy. These were divided into 2 groups: Group 1 underwent vestibular rehabilitation using virtual reality and
Group 2 was treated by conventional therapy. A VSS-SF questionnaire and the VAS scale were used to assess
the effects and levels of patient satisfaction with therapy.

Results: Both groups demonstrated significantly (P<0.001) lower values on the VSS-SF scales and VAS scales when as-
sessed after treatment as compared to before treatment. Those undergoing conventional therapy reported
significantly more severe symptoms on the VAS scale than did Group 1 at their second and third therapy vis-
its. Indeed, Group 1 patients that underwent rehabilitation with the virtual reality component awarded signif-
icantly higher (P=0.015) levels of subjective satisfaction when compared to Group 2.

Conclusions: We found that virtual reality vestibular rehabilitation in patients with vertigo due to peripheral vestibular dys-
function was as effective as conventional rehabilitation, with significantly increased levels of patient satisfaction.

Keywords: Vertigo ¢ Vestibular Diseases ¢ Virtual Reality Exposure Therapy

Abbreviations: VR - virtual reality; UVH — unilateral vestibular hypofunction; VSS-SF — Vertigo Symptom Scale — Short
Form; VAS - Visual Analog Scale; BPPV - benign paroxysmal positional vertigo; CP — canal paresis;
ANOVA - one-way analysis of variance; LSD - least significant difference; VSS-SF (P) — outcome scores
from the VSS-SF questionnaire at the initial visit; VAS (P) — an assessment of vertigo intensity using the
VAS scale at the initial visit; VAS (W1) - therapy visit No. 1; an assessment of vertigo intensity using the
VAS scale; VAS (W2) - therapy visit No. 2; an assessment of vertigo intensity using the VAS scale; VAS
(W3) - therapy visit No. 3; an assessment of vertigo intensity using the VAS scale; VAS (W4) - thera-
py visit No. 4; an assessment of vertigo intensity using the VAS scale; VAS (W5) — therapy visit No. 5; an
assessment of vertigo intensity using the VAS scale; VAS (K) — an assessment of vertigo intensity using
the VAS scale at the final visit; VSS-SF (K) — outcome scores from the VSS-SF questionnaire at the final
visit; VAS (SAT) - grades of satisfaction after therapy awarded by the patient at their final visit
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Background

The symptoms of a vestibular disorder include vertigo, dizzi-
ness, vestibulo-visual, and postural symptoms [1].

Vertigo and dizziness generally occur in about 20-30% of adults
and in 8-18% of children. Its prevalence significantly increas-
es after 65 years of age and is an adverse symptom very com-
monly reported to GPs at health centers (termed primary health
care in Western countries) [2-4]. The sense of equilibration can
be disrupted by many and diverse disorders according to eti-
ology, disease course, severity, prognosis, and treatment [5].
Irrespective of cause, this poses many diagnostic challenges
for medical practitioners, including devising plans for effective
treatment, as such symptoms inevitably lead to their patients’
daily lives becoming very onerous and awkward [6]. A sense
of balance is crucial to how humans function, most important-
ly in performing everyday activities. This delivers information
on gravity, angular and linear acceleration acting on the hu-
man body, as well as the body’s orientation in its surrounding
space. Spatially maintaining the desired posture and balance
depends on the appropriate interactions of the vestibular sys-
tem, the cerebellum, the organs of vision, and proprioceptors
located within the locomotory system. Such sensory impuls-
es are also integrated and enriched by information received
from the hearing/auditory and olfactory organs by means of
numerous interconnections within the central nervous system.
The vestibular organ constitutes a sensory system directly im-
pacting the equilibration system that, both phylogenetically
and ontogenetically, belongs to one of the oldest structures
of the nervous system [7-9].

Diseases of the vestibular organ are treated by many differ-
ent vestibular rehabilitation therapies, reflecting its multifac-
torial etiology, including patients with vertigo. Such therapies
are mainly focused on pharmacological treatment (symptom-
atic and causal), surgical treatment (for pathologies of the in-
ner and/or middle ear structures, Meniere’s disease, VIl nerve
tumors and in cervical spine diseases), and locomotory reha-
bilitation [9-11]. The latter’s aim is to accelerate the process
of centrally acting compensation by taking advantage of phys-
iological mechanisms operating at the central nervous system
level. It is currently believed that such means of acceleration
can be achieved through exposure to sensory conflicts, which
gradually fade out the response to stimuli during habitua-
tion [12]. A special form of locomotory rehabilitation is repo-
sitioning maneuvers used for treating benign paroxysmal po-
sitional vertigo (BPPV), based on the concept of mechanical
disturbances to the semicircular canal complex [13]. These in-
clude Brandt and Daroff’s positional exercises, the Semont re-
lease maneuver, and the Epley reposition maneuver [14-16].
Habituation exercises are most often used in rehabilitating any
cases of peripheral damage to the vestibular system. Vestibular
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rehabilitation is a safe and effective method for vestibular re-
habilitation and in treating unilateral vestibular hypofunc-
tion [17,18]. Exercises that provoke multisensory conflicts by
using virtual reality technology have recently been introduced
to improve the effectiveness of this therapy [11]. Virtual reality
(VR) can be defined as using computer technology to create a
simulated image/environment of objects, space, and events. It
can represent both a real and fictional world [19]. This virtual
world so generated includes not only visual content, but also
sound, smell, and touch and allows interaction with the recip-
ient. This technology has been increasingly used for both edu-
cation and leisure/entertainment. It has been used in civil and
military aviation simulators, construction machine simulators,
and in creating virtual museums and shops. This technology
is also increasingly being used in medicine, not only for inter-
active training in simulation centers, but also as an element
of therapy. Virtual reality is used as an aid in physical reha-
bilitation after stroke, in Alzheimer disease, in Parkinson dis-
ease, for analgesic treatment of burns, in psychological ther-
apies, and in treating post-traumatic stress disorder [20-25].
The benefits of using VR have also been increasingly report-
ed in the literature for treating children with autism spectrum
disorders [26]. It is thus expected that VR technology will in-
creasingly have further applications in medicine due to the
dynamic developments in this field. Vestibular compensation
is disrupted in patients with a chronic vestibular syndrome.
Vestibular rehabilitation is an exercise therapy that optimizes
the process of vestibular compensation. Therefore, this study
aimed to evaluate virtual reality vestibular rehabilitation in
20 patients with vertigo due to peripheral vestibular dysfunc-
tion at a single center.

Material and Methods

Patients

All procedures performed in this study were in accordance with
the standards of the local Ethics Committee and informed con-
sent was obtained from all participants prior to study initia-
tion. Twenty patients diagnosed with vertigo were selected
for the study, consisting of 9 women and 11 men aged 29 to
66 years. All had undergone laryngological and otoneurolog-
ical examinations, including the Dix-Hallpike diagnostic ma-
neuver, to exclude patients with mild positional vertigo. Both
videonystagmographic examination and basic audiological di-
agnostics (tonal audiometry, tympanometry) were performed.
Patients became eligible when exhibiting vertigo with chronic
unilateral peripheral damage to the vestibular system accord-
ing to International Classification of Vestibular Disorders [5].
UVH was confirmed by videonystagmography, with CP (canal
paresis) >25% and no vestibular compensation. Exclusion cri-
teria were patients whose health condition precluded them
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from taking part in the therapy, the coexistence of neurolog-
ical diseases, or a positive outcome in the Dix-Hallpike diag-
nostic maneuver. Patients meeting the defined criteria were
randomly divided into 2 groups.

Group 1 consisted of 10 patients, (4 women and 6 men aged
36 to 66 years; mean age 49.7), who had been treated with
virtual reality. These patients underwent a series of 5 treat-
ment sessions for 5 consecutive days, during which a set of
conventional Cawthorne-Cooksey exercises were performed,
but enriched with exercises using virtual reality. These VR ex-
ercises were conducted in 2 sessions of 5 minutes with 5-min-
ute intervals.

Group 2 were also composed of 10 patients, (5 women and 5
men), aged 29 to 63 years (mean age 48.2), who had under-
gone standard therapy consisting of a series of 5 treatment
sessions for 5 consecutive days, with patients performing a
set of conventional Cawthorne-Cooksey exercises [27]. Both
groups of patients participated in the exercises under con-
stant medical supervision.

Virtual reality was experienced by using goggles based on the
Google Cardboard platform. The VR goggles used the ‘VR Roller
Coaster’ application during exercises that simulated a roller-
coaster ride; an entertainment application comprised of steep
hills and valleys over which one travels in an open-top train
carriage with other passengers. In reality, these railway pas-
sengers would experience very strong sensations caused by the
rapidly successive and sudden changes in gravity and speed.
The VR goggles worn by the patients throughout the exercise
prevent seeing anything of the real environment (Figure 1).

Measurement Tools

Treatment outcomes were assessed by the Vertigo Symptom
Scale - Short Form (VSS-SF) scale and the Visual Analog Scale
(VAS) [28,29]. The VSS-SF questionnaire was completed by
the patient before the study and 4 weeks after the end of
the study, together with subjectively assessing the intensi-
ties of vertigo/dizziness using the VAS scale before and after
the study, as well as at each therapeutic visit. A score of 0 in-
dicated no symptoms and 10 indicated a maximum intensi-
ty of symptoms. Patients were also asked to grade their lev-
els of satisfaction with their treatment by again using the
VAS scale up to when their treatment had been completed;
a score of 0 indicated very dissatisfied, whereas 10 was very
satisfied. The VSS-SF scale is a shortened version of the VSS
scale which was based on a scale developed by Yardley in
1992, that refers to both physical sensations and the emotion-
al state of the patient [29]. The results were assessed by the
summarized version of the VSS-SF scale. After 5 such therapy
visits, all patients were recommended to continue their daily
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Figure 1. A patient wearing virtual reality goggles during
exercises.

rehabilitation using the Cawthorne-Cooksey exercises in their
homes [27]. The effects of treatment were assessed after 4
weeks from the patient’s last therapy visit using the VSS-SF
questionnaire, while patients’ conditions were evaluated ac-
cording to the VAS scale, together with evaluating patient sat-
isfaction using the VAS scale.

Statistical Analysis

The IBM SPSS Statistics 21 package was used to provide an-
swers to the basic questions posed by this study. Summary
statistics were thus performed along with a series of t tests
for independent and dependent samples, as well as one-way
analysis of variance (ANOVA) for dependent samples. P val-
ues of <0.05 were taken as being statistically significant, while
0.05< P<0.1 were considered as showing a statistical trend.
A Shapiro-Wilks test was initially performed to confirm that
the data were normally distributed, the only exception being
the VAS scale results from the third therapy visit and satis-
faction outcomes. Nevertheless, the skewness values did not
exceed the conventional absolute value of 0.8, thereby indi-
cating that the variable’s distribution was not grossly asym-
metric to a normal (Gaussian) distribution. For these reasons,
parametric tests were used in this study.

Results

All 20 patients completed therapy. The measured results of
VSS-SF and VAS tests are summarized in the Table 1 for Group
1 and Table 2 for Group 2. Table 3 shows the summary statis-
tics and tests for normality.
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Table 1. Summary results — Group 1 (VR extended therapy).

Initial visit Therapy visits Last visit
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VSS-SF (P) — outcome scores from the VSS-SF questionnaire at the initial visit; VAS (P) — an assessment of vertigo intensity using the
VAS scale at the initial visit; VAS (W1) — therapy visit No. 1; an assessment of vertigo intensity using the VAS scale; VAS (W2) — therapy
visit No. 2; an assessment of vertigo intensity using the VAS scale; VAS (W3) — therapy visit No. 3; an assessment of vertigo intensity
using the VAS scale; VAS (W4) — therapy visit No. 4; an assessment of vertigo intensity using the VAS scale; VAS (W5) — therapy visit
No. 5; an assessment of vertigo intensity using the VAS scale; VAS (K) — an assessment of vertigo intensity using the VAS scale at

the final visit; VSS-SF (K) — outcome scores from the VSS-SF questionnaire at the final visit; VAS (SAT) — grades of satisfaction after
therapy awarded by the patient at their final visit.

Table 2. Summary results — Group 2 (conventional therapy).

Initial visit Therapy visits Last visit

VSS-SF (P) — outcome scores from the VSS-SF questionnaire at the initial visit; VAS (P) — an assessment of vertigo intensity using the
VAS scale at the initial visit; VAS (W1) — therapy visit No. 1; an assessment of vertigo intensity using the VAS scale; VAS (W2) — therapy
visit No. 2; an assessment of vertigo intensity using the VAS scale; VAS (W3) — therapy visit No. 3; an assessment of vertigo intensity
using the VAS scale; VAS (W4) — therapy visit No. 4; an assessment of vertigo intensity using the VAS scale; VAS (W5) — therapy visit
No. 5; an assessment of vertigo intensity using the VAS scale; VAS (K) — an assessment of vertigo intensity using the VAS scale at

the final visit; VSS-SF (K) — outcome scores from the VSS-SF questionnaire at the final visit; VAS (SAT) — grades of satisfaction after
therapy awarded by the patient at their final visit.
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Table 3. Summary statistics for the measured variables using the Shapiro-Wilk test.

Significance
Initial VSS-SF 14.40 13.50 4.49 0.63 0.28 8.00 25.00 0.96 0.550
Cnitalvas 500 500 181 054 011 200 900 096 0469
Therapyivas 465 400 166 039 08 200 800 093 0168
CTherapy2vAs 370 400 134 032 095 100 700 094 0258
CTherapy3vas 325 300 141 001 134 100 500 088 0016
Therapyavas 280 300 167 017 116 000 500 092 0095
CTherapysvas 260 200 164 024 053 000 600 095 0304
Therapeutic meanvAs 340 300 137 020 097 100 560 095 0319
CFnalvas 220 200 164 028 116 000 500 091 0064
CFnalvsssE 815 750 430 070 -060 300 1700 092 0080

Satisfaction assessment of
therapy

M — mean; Mdn — median; SD — standard deviation; Sk. — skewness; Kurt. — kurtosis; S-W — Shapiro-Wilk test outcome. Table includes
statistics for: 1) VAS scale results at the initial, final and therapy visits; 2) Results from VSS-SF questionnaire at the initial and final
visit; 3) Result of satisfaction after therapy at final visit.

Table 4. Differences in outcomes between the VAS and VSS-SF scales depending on the type of therapy.

Group 1 Group 2
VR extended therapy Conventional therapy 95% ClI

Initial VSS-SF 13.70 4.19 15.10 4.89 -0.688 0.500 -5.677 2.877 0.308
Citalvas 480 123 520 230 0485 0633 2132 1322 0217
Therapyivas 430 142 500 189 0938 0361 -2267 0867 0420
Therapy2vas 320 132 420 123 175 0096 2197 0197 0785
Therapy3vas 270 142 380 123 1853 0080 2347 0147 0829
Therapyavas 240 178 320 155 1073 0297 2366 0766 0480
Therapysvas 200 141 320 169 1724 0102 2662 0262 0771
Therapeutic meanVAS 202 127 388 136 -1636 0119 2193 0273 0732
CFinalvas 180 140 260 184 -1095 0288 2334 0734 0490
CFinalvsssE 670 416 960 412 1566 0135 679 099 0700

Satisfaction assessment of

8.70 1.49 6.40 2.27 2.676 0.015 0.494 4.106 1.197
therapy

Table includes statistics for: 1) VAS scale results at the initial, final and therapy visits; 2) Results from VSS-SF questionnaire at the
initial and final visit; 3) Result of satisfaction after therapy at final visit.
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Figure 2. Differences in outcomes between VAS and VSS-SF scales depending on the type of therapy.

Table 5. Differences in VSS-SF scale results depending on the time interval in Group 1 (VR extended therapy) and Group 2

(conventional therapy).

95% CI

Group 1 | Initilal VSS-SE 1370
VR extended tharapy Final VSS-SF 6.70
Group 2 | InitialVSS-SF 110
Conventional therapy Final VSS-SF 9.60

4.19

""""""" 6.450 <0.001 4.545 9.455 2.040
4.17
4.89

""""""" 6.398 <0.001 3.556 7.445 2.023
4.12

Differences in outcomes between the VAS and VSS-SF scales
depending on the type of therapy are shown in Table 4. The
independent-samples t test was used to determine wheth-
er the treatment therapy made a significant difference to the
test subjects according to VAS and VSS-SF scales. It was in-
deed found that assessments of subjects’ satisfaction with the
therapy differed significantly (P=0.015): VR extended therapy
M=8.70+1.49, conventional therapy M=6.40+2.27, while a sta-
tistically significant trend was found in the VAS during the sec-
ond (VR extended therapy M=3.20+1.32; conventional therapy
M= 4.20+1.23) and third therapy visits (VR extended therapy
M=2.70+1.42; conventional therapy M=3.80+1.23). Those un-
dergoing conventional therapy demonstrated higher VAS scale
results at the second (P=0.096) and third (P=0.080) therapy
visits, whereas the test group (ie, those having the additional
VR therapy) gave higher subjective scale marks when assess-
ing satisfaction with their therapy. This means that subjects
who had undergone only conventional therapy made stron-
ger complaints during their second and third therapeutic vis-
its along with giving lower levels of satisfaction with the ther-
apy than those who had their therapy augmented with virtual
reality exercises. The magnitude of the difference between 2
means (Cohen’s d) indicates that in the aforementioned cases
such differences are strong (d=0.785; d=0,829) and very strong
(d=1.197), respectively, in terms of satisfaction with therapy.
There were, however, no significant differences in statistical

trends between any of the other measurements according to
the VAS and VSS-SF scales; subjects achieved similar scores
irrespective of the therapy, as shown in the graph in Figure 2.

Differences in VSS-SF scale results depending on the time in-
terval are shown in Table 5. The t test was performed on the
dependent samples to check whether there were any statis-
tically significant differences between the VSS-SF scale mea-
surements in the compared groups. Results in Group 1 at ini-
tial VSS-SF assessment were M=13.70+4.19 and final VSS-SF
assessment M=6.70+4.17. Results in Group 2 initial VSS-SF
assessment were M=15.10+4.89 and final VSS-SF assessment
M=9.60+4.12. These indeed demonstrated statistically signifi-
cant differences between the VSS-SF measurements in Groups
1 and 2. In both cases, the VSS-SF scale results were signifi-
cantly (P<0.001) lower in the final measurement when com-
pared to the initial measurement. Cohen’s d value (d=2.040;
d=2.023) indicated that such differences were very strong; this
is shown graphically in Figure 3.

Differences in VAS scale results between the time intervals are
collected in Table 6. A one-way analysis of variance (ANOVA)
was next performed for dependent samples to investigated
whether there were any statistically significant differences
between the initial results of measurement, averaged results
from therapeutic visits, and the final VAS scale result in Group
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Comparison of V/SS-SF scale results between time intervals

Initial VSS-SF Initial VSS-SF
VR extendend therapy

Initial VSS-SF Initial VSS-SF
Conventional therapy

Comparison of VAS scale results between time intervals

6 -
5 -
4 -
3 -
: I l
1 | I
0 -

Initial ~ Therapeutic  Final Initial ~ Therapeutic ~ Final

VAS mean VAS VAS VAS mean VAS VAS
VR extendend therapy Conventional therapy

Figure 3. Comparison of VSS-SF scale results between time
intervals.

Figure 4. Comparison of VAS scale results between the time
intervals.

Table 6. Differences in VAS scale results between the time intervals for Group 1 (VR therapy applied group) and Group 2 (conventional

therapy group).

M
Initial VAS 4.80,
Groupl T
VR extended tharapy TherapeutlcVAS ,,,,,,,,,,,,,,,,, 292b ,,,,,,
Final VAS 1.80,
Initial VAS 5.20,
Group2 U
Conventional therapy TherapeutlcVAS ,,,,,,,,,,,,,,,,, 388b ,,,,,,
Final VAS 2.60,

Means indivisible by the letter index differed significantly from each other at p<0.05.

1 (ie, where therapy had been extended with virtual reality ex-
ercises) and in Group 2 (ie, conventional therapy). Significantly
different outcomes were again found in both groups (Group
1, P<0.001; Group 2, P=0.005). Results in Group 1: Group
1 Initial VAS M=4.80+1.23; Therapeutic VAS M=2.92+1.27;
Final VAS M=1.80+1.80. Results in Group 2: Group 2 Initial
VAS M=5.2042.30; Therapeutic VAS M=3.88+1.36; Final VAS
M=2.60+1.84. Post hoc LSD comparative tests were performed
to precisely determine which measurements were different
from each other. This showed statistically significant differ-
ences existing between all of the analyzed variables. In both
groups, the highest result on the VAS scale was recorded at
the initial measurement, but were significantly weaker dur-
ing the therapeutic visits, while the weakest was at the final
visit. The Cohen d difference measure in the magnitude of ef-
fect indicates that there are large (n?=0.788) and moderately
large (n?=0.578) differences in Group 1 and Group 2, respec-
tively. This is shown graphically in Figure 4.

Discussion

The study aim was to initially assess how effective the use
of VR was in vestibular rehabilitation. Patients’ compensa-
tory mechanisms were found to be enhanced by introducing
a sensory conflict through using new-generation VR goggles,
and this new therapy is well tolerated. It is noteworthy to re-
port that our subjects never complained of any adverse ef-
fects of the applied therapy, which could have included mo-
tion sickness symptoms, which have been observed in other
studies that used VR [30]. The effectiveness of such thera-
py was evaluated by analyzing the intensity of vertigo along
with reported satisfaction with the therapy by means of the
VSS-SF questionnaire and VAS scale. We demonstrated signif-
icantly higher levels of patient satisfaction in those undergo-
ing the extended VR therapy when compared to conventional
therapy, thereby highlighting the advantages of therapy rein-
forced by VR. Even though the end outcomes were similar in
both groups, those patients that additionally underwent VR
therapy reported much higher levels of satisfaction regarding
the severity of their vertigo when measured by the VAS scale
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using the VSS-SF questionnaire. A higher statistical trend was
also observed in such patients for reporting satisfaction at the
second and third therapy visits, thereby supporting the ad-
vantages of additional VR therapy. This means that any ben-
eficial therapeutic effects are experienced earlier in patients
undergoing therapy extended by VR when compared to those
treated conventionally. A satisfactory outcome was observed
in all treated patients as measured by the VAS scale. The ad-
vantages of using additional VR therapy were again statisti-
cally demonstrated when comparing the averaged visit results
with the final outcome measurements.

According to The Cochrane Review, vestibular rehabilitation is
a safe and effective management for unilateral peripheral ves-
tibular dysfunction [17]. A study by Vugt et al showed bene-
fits of new technologies involved in vestibular rehabilitation.
Use of internet-based vestibular rehabilitation protocols is a
safe, effective, and easy accessible form of therapy for adults
aged 50 and older with a chronic vestibular syndrome [10,31].
Many studies have shown the great potential and efficacy of
VR when treating patients suffering from vertigo [30,32-35].
These have incorporated VR with motion sensors that permit
interaction with a suitable computer device based on recog-
nizing human gestures and voice commands. Any interaction is
triggered by the user’s body language, generating visual feed-
back in the form of mapped-out movements displayed on the
computer screen or according to a defined program of graphi-
cally displayed responses. These devices do not, however, gen-
erate a spherical stereoscopic image. The image seen on the
monitor or projection screen is that displayed by 2D technol-
ogy (ie, 2 dimensional).

Using the new generation of VR goggles, however, enables
images to be displayed in both 2D and 3D (ie, stereoscopical-
ly). The combination of coupling goggles with the gyroscopic
and accelerometer devices fully permits any displaced head
movements to be fully observed by created VR inputs within a
360-degree range. This significantly enhances the experience
of VR, provides stronger stimuli, and evokes real-life sensa-
tions [34,36]. A study by Virre and Sitarz showed that VR has
a beneficial effect on the efficiency of the vestibulo-ocular re-
flex and in reducing vertigo [37]. Sparrer et al found that VR
benefits patients with vertigo, as confirmed by posturograph-
ic tests and survey outcomes [35].

The significance of VR has been stressed by Pavlou et al, where
it was found to be very useful in patients with unilateral pe-
ripheral damage to the vestibular organ. They demonstrat-
ed that patients treated with VR or by conventional therapy
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improved by 59.2% and 28.8%, respectively, compared to 1.6%
of untreated patients [38]. A study by Duque et al showed that
elderly patients treated with VR also improved their sense of
balance [39]. However, a study by Meldrum et al found compa-
rable efficacies between VR therapy and conventional vestibu-
lar rehabilitation [11]. A study by Jozefowicz-Korczynska et al
on the effect of VR on vertigo patients undergoing rehabilita-
tion suggested that this is an effective and well tolerated meth-
od of therapy, despite not significantly differing in outcome
to posturographic platform exercises [32]. Using a combina-
tion of VR, motion sensors, and a posturographic platform in
rehabilitation (ie, a hybrid therapy) was found to be effective
by Rosiak et al in reducing the subjectively assessed symp-
toms in patients with peripheral vestibular dysfunction [33]. A
study by Micarelli et al assessing vestibular rehabilitation us-
ing VR goggles in home-based patients found that this meth-
od is safe and increases the patient’s quality of life [40]. Using
goggles, together with tracking eyeball movement, was found
by Park et al to improve vestibular rehabilitation [41]. There
are also reports presenting a negative impact of VR on bal-
ance in healthy adults. A study by Lee et al found longer use
of a head-mounted VR display affected static balance, oculo-
motor function, and dizziness [42].

The majority of head-mounted VR devices used for treating
vertigo are either old types or video games without provid-
ing any stereoscopic images. Such devices also fail to corre-
late head movements with those in a virtual environment. A
new generation of devices, such as the ones used in this study,
are more immersive and create a potentially greater sensory
conflict. It should be taken into account that our results come
from a single-center study on a small group of patients. This
may have had an impact on the overall assessed effective-
ness of the therapy and detection of possible adverse effects.

Conclusions

The findings from this study showed that virtual reality ves-
tibular rehabilitation in patients with vertigo due to periph-
eral vestibular dysfunction was as effective as convention-
al rehabilitation, with significantly increased levels of patient
satisfaction. It can thus be concluded that such new-genera-
tion VR devices will likely be used more and more in the re-
habilitation of patients with balance disorders. Our study out-
comes encourage careful monitoring of the development of
VR technology and may provide a basis for further and larg-
er studiers, with particular emphasis on therapeutic protocols
and the intensity and duration of therapy.
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