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Abstract

Background/Objectives: Many elderly people experience visual vertigo. VR will provide optokinetic
stimulation to help reduce visual vertigo. This study is to investigate the rehabilitative effects of VR-based
rehabilitation video.

Method/Statistical Analysis: The subjects of this study were 51 elderly people. The rehabilitation video
was produced on the basis of traditional visual vertigo rehabilitation video. After watching the rehabilitation
video, all subjects were measured for autonomic nervous system activity, heart rate and asked to write a
questionnaire on subjective commitment and interest composed of 5 points scale. The collected data were
subjected to independent t-test for comparison between groups.

Findings: In subjects who experienced visual vertigo, VR video group showed higher value in sympathetic
nervous system activity and parasympathetic nervous system activity after visualization of rehabilitation
video than general video group and, subjective immersion and interest showed the same results. In subjects
who nonexperienced visual vertigo, on the other hand, VR video group showed higher value than general
video group only in subjective immersion and interest after visualization of rehabilitation video. Based on
the results of this study, the 360 degree VR rehabilitation video seems to have better therapeutic effect on
visual vertigo than the existing video.

Improvements/Applications: Therefore, the convergent use of VR in the vestibular rehabilitation area
improved the rehabilitation effect. Future research will increase the participation of active rehabilitation

through the development of VR rehabilitation contents and programs.
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Introduction

Vertigo is one of the common symptoms in life. In
particular, it is a high frequency in the elderly population
and is a major factor in visiting hospitals!!l. Vertigo is
problematic in itself but has difficulty in performing daily
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activities or affects falls?!. Data released by the KCDC
(Korea Centers for Disease Control & Prevention)
reports that falls are a serious threat to the health of the
elderly and can result in death or permanent disability!*!.
Therefore, it is necessary to understand and manage the
vertigo of the elderly to avoid this problem.

Vertigo can be caused by an imbalance in the
vestibular, visual and proprioception systems that are
involved in the equilibrium function. In addition, if one
of these functions is lost, the other organ system will
compensate. However, in older people, degenerative
changes occur in all organ systems, making them more



difficult to compensate for in other organ systems!*].
Among the symptoms of vertigo, elderly people may
feel dizzy due to visual stimulation, such as passing
between grocery stands or looking at the escalator stairs.
This is called visual vertigol®). If people often feel dizzy
after seeing moving objects in their daily activities, the
elderly will be more likely to be exposed to falls. It is
necessary to devise ways to alleviate the symptoms of
visual vertigo.
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Visual vertigo is deeply related to vestibular-ocular
reflex®). The eye is reflexively placed in the optimal
position according to the eye movement according
to the head movement and further the eye movement
according to the body movement or alignment. However,
elderly people may have errors in eye movements as
their functions decrease as they age. This error causes
vestibular problems such as vertigo and we must find
ways to deal with these systematic problems.
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Figure 1. Schematic diagram of study design
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Vestibular rehabilitation is implemented as a way
to solve problems in the vestibular system. In general,
the mechanism of vestibular rehabilitation is explained
by mechanisms through compensation, adaptation
and substitution!’l. Compensation uses a method
ofinducing habituation as a recovery method through
the neuroplasticity of the central nervous system and it
seems to have applied this principle to previous studies.

Figure 2. Galaxy Gear360

Recently, with the development of technology,
virtual reality(VR) technology is further advanced.
Since the first mention of “la realite virtuelle” in the
Theatre of Cuelty of French writer Antonin Artaud,
virtual reality has evolved to the extent that virtual reality
feels as immersed. Previous studies have reported that
the application of immersive VR in VR rehabilitation
enhances the effect of rehabilitation®®). From this
point of view, in the vestibular rehabilitation for visual
vertigo patients, it is thought that VR using 360-degree
video will show more effective rehabilitation effect than
conventional rehabilitation.

In a recent study, Pavloul'”] ‘s study, published in
2009, conducted vestibular rehabilitation to stimulate
optokinesis in subjects with visual vertigo, suggesting that
it would be a new innovation in vestibular rehabilitation.
In addition, pavlou suggested the therapeutic potential
for the method of kinetic stimulation using high-
tech as well as traditional therapies such as low-tech
DVD. Pavloul'!l, follow-up study, published in 2012,
conducted a pilot study of patients with peripheral
vestibular disease using optokinetic stimulation. As a
result, dynamic VR reported the results of therapeutic
effects as a useful adjunct to vestibular rehabilitation
programs.

Motivation in rehabilitation as well as therapeutic
effects is an important factor influencing the outcome
of rehabilitation. Immersive imaging will be of interest
to vestibular patients and have a positive impact on
rehabilitation!'?). From a variety of perspectives, it’s still
unknown how VR using 360-degree video will benefit
vestibular rehabilitation.

Figure 3. Ubpulse T1

Therefore, the purpose of this study is to investigate
the effects of 360-degree VR video on autonomic nervous
system, subjective immersion and interest in elderly
people who experience visual vertigo and to investigate
the rehabilitative effect of 360-degree VR video.

Method

This study was performed on 51 elderly people
over 65 years of age living in Guri city, 18 males and
33 females participated in the study. The average age
of the subjects was 72.16 + 1.78 years and the average
height and weight were 157.05 £ 5.06cm and 58.72 +
5.06kg. All subjects participated in the experiment after
hearing and agreeing with the purpose and method of the
study. This study was conducted in compliance with the
Helsinki Convention and the Research Ethics Standards.
The schematic diagram of the study is shown in Figure
1.

All subjects were randomly assigned to the VR
video group and general video group. The rehabilitation
video was produced based on the previous visual vertigo
rehabilitation video, which was a roadside drive, a street
walk and a grocery store corridor. In the case of VR video,
images were taken using Galaxy Gear360(Samsung,
ROK)[Figure 2] and the general video was taken using
Galaxy Tab 3(Samsung, ROK). The video was applied
by wearing Galaxy Gear(Samsung, ROK) products and
watched the Galaxy Tab 3(Samsung, ROK) at eye level



and placed at a proper distance in view of eyesight.
Subjects in each group watched VR and general video
for 5 minutes according to their assigned group. After
watching the rehabilitation video, all subjects were
evaluated for autonomic nervous system activity and
heart rate and a questionnaire about subjective immersion
and interest composed of five-point scale was prepared.
Autonomic nervous system activity and heart rate were
measured usingthe heart rate variability measuring
device (ubpulse T1, Laxtha, ROK) [Figure 3]. Collected
results were classified into two groups and analyzed:
experienced vertigo and non experienced group.

All measured data were independent t test using
SPSS 21.0 to test the comparison between groups
according to 360 degree VR application. The statistical
significance level was set at 0.05.

Result and Discussion

According to the results of this study, In subjects
who experienced visual vertigo, VR video group showed
higher value in sympathetic nervous system activity(LF,
low frequency) and parasympathetic nervous system
activity (HF, high frequency) after visualization of
rehabilitation video than general video group and,
subjective immersion and interest showed the same
results[Table 1]. In subjects who nonexperienced visual
vertigo, on the other hand, VR video group showed
higher value than general video group only in subjective
immersion and interestafter visualization of rehabilitation
video[Table 2]. The results of this study showed that VR
video was more immersive and interesting than general
video and subjects who experienced visual vertigo
were more affected by autonomic nervous system after
visualization of rehabilitation video.

Table 1: The changes in subjects who experienced
visual vertigo after visualization of rehabilitation

video

VR video General video
Immersion* 4.07+0.83 2.93+0.44
Interest* 4.29+0.99 2.19+1.17
Heart rate 80.57+7.57 79.94+12.92
Low frequency* 5.44+0.80 4.76+0.97
High frequency* 4.84+0.46 4.19+0.94

*:p<0.05

unit: point, point, bpm, ms?, ms>
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The change of autonomic nervous system in this
study can be regarded as change of vestibular system by
visual response. Indeed, according to Kim!'3I’s research,
the vestibular system and the autonomic nervous
system are closely related as the Vestibulo-Autonomic
System. In particular, Kim also showed an increase in
the low frequency reflecting the sympathetic nervous
system activity and the high frequency reflecting
the parasympathetic nervous Table 2: The changes
in subjects who nonexperienced visual vertigo after
visualization of rehabilitation video

VR video General video
Immersion* 4.07+0.83 2.93+0.44
Interest™® 4.29+0.99 2.19+1.17
Heart rate 80.57+7.57 79.94+12.92
Low frequency* 5.44+0.80 4.76+0.97
High frequency* 4.84+0.46 4.19+0.94
*:p<0.05

unit: point, point, bpm, ms?, ms?

system activity. The results presented in this study
suggest that the visual stimulation by VR video caused
the change of autonomic nervous system and that
stimulation by visual vestibular reflex can be effectively
applied to vestibular rehabilitation.

In addition, according to Kim[®!’s research, VR
increased the immersion, the effect of rehabilitation and
thus also affected the balance. Other studies have shown
the similar result and it can be seen that the rehabilitation
through VR enhances the effect of rehabilitation by
increasing the immersion feeling compared to the
existing video medial'*!3]. Therefore VR video is
expected to show more effective rehabilitation effect
than conventional therapeutic general video.

Miled!!6’s study also provided rehabilitation
that provided interesting visual stimuli and reported
that interesting stimuli increased the effectiveness of
rehabilitation. In this study, the subjective interest score
was higher in VR video. Many other studies are also
aimed to make interest in using VR games!!’"'®], In this
respect, VR video is more interesting, so it will enhance
the effect of rehabilitation in vestibular rehabilitation.
In a recent Riches!!'”V’s study, VR rehabilitation was
performed using Computer graphic(CG), patients were
evaluated and mediated. In this CG environment, it is
expected that the therapeutic effect, immersion and
interest will be higher through active participation
rather than passive rehabilitation. But we are facing the
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limitation of VR content shortage. Future research will
verify the effects of VR rehabilitation using CG along
with content development.

Conclusion

Based on the results of this study, the 360-degree
VR rehabilitation video would be more effective than
the previously used rehabilitation video for visual
vertigo. Therefore, the converging use of VR in
vestibular rehabilitation has enhanced the rehabilitation
effect. Future research will increase the participation of
active rehabilitation through the development of VR
rehabilitation contents and programs.

Ethical Clearance: Not required
Source of Funding: Self

Conflict of Interest: Nil

References

1. Iwasaki S, Yamasoba T. Dizziness and Imbalance
in the Elderly: Age-related Decline in the Vestibular
System. Aging Dis. 2014 Feb 9;6(1):38-47. doi:
10.14336/AD.2014.0128.

2. Harun A, Semenov YR, Agrawal Y. Vestibular
Function and Activities of Daily Living: Analysis
of the 1999 to 2004 National Health and Nutrition
Examination Surveys. Gerontol Geriatr Med. 2015
Jan-Dec;1. doi: 10.1177/2333721415607124.

3.  Walther LE, Rogowski M, Schaaf H, Hormann
K, Lohler J. Falls and Dizziness in the Elderly.
Otolaryngologia Polska. 2010 Nov-Dec; 64(6):354-
57. doi: 10.1016/S0030-6657(10)70586-2

4. Fernandez L, Breinbauer HA, Delano PH. Vertigo
and Dizziness in the Elderly. Front Neurol. 2015; 6:
144. doi: 10.3389/fneur.2015.00144.

5. Guerraz M, Yardley L, Bertholon P, Pollak L,
Rudge P, Gresty MA, et al. Visual vertigo: symptom
assessment, spatial orientation and postural control.
Brain. 2001 Aug;124(Pt 8):1646-56. doi: 10.1093/
brain/124.8.1646.

6. Chin S. Visual vertigo: Vertigo of oculomotor
origin. Med Hypotheses. 2018 Jul;116:84-95. doi:
10.1016/j.mehy.2018.04.025.

7. Herdman SJ. Role of vestibular adaptation in
vestibular rehabilitation. Otolaryngol Head Neck
Surg. 1998 Jul;119(1):49-54. doi: 10.1016/S0194-
5998(98)70195-0.

11.

12.

13.

14.

15.

16.

17.

Kang JH, Kim CY. A convergence study on the
influence of full immersion virtual reality on the
autonomic nervous system of healthy adults. Journal
of the Korea Convergence Society. 2018;9(3):131-
35. doi: doi.org/10.15207/JKCS.2018.9.3.131.
Kim YS, Park MC. Comparison of Balance Ability
according to the Immersion Level of Virtual Reality-
based Training for the Balance Enhancement of the
Elderly. PNF and Movement. 2018;16(2):259-66.
doi: doi.org/10.21598/JKPNFA.2018.16.2.259.

Pavlou M. The use of optokinetic stimulation

in vestibular rehabilitation. J Neurol Phys
Ther. 2010 Jun;34(2):105-10. doi: 10.1097/
NPT.0b013e3181dde6bf.

Pavlou M, Kanegaonkar RG, Swapp D, Bamiou
DE, Slater M, Luxon LM. The effect of virtual
reality on visual vertigo symptoms in patients with
peripheral vestibular dysfunction: a pilot study. J
Vestib Res. 2012;22(5-6):273-81. doi: 10.3233/
VES-120462.

Maclean N, Pound P, Wolfe C, Rudd A. Qualitative
analysis of stroke patients’ motivation for
rehabilitation. BMJ. 2000 Oct 28;321(7268):1051-
4. doi: 10.1136/bm;j.321.7268.1051.

Kim CY, Kang JH. Effects of the Vestibular Caloric
Stimulation with Ice Water on the Autonomic
Nervous System. Journal of The Korean Society
of Integrative Medicine. 2016;4(3):27-30. doi: doi.
org/10.15268/ksim.2016.4.3.027.

Rose T, Nam CS, Chen KB. Immersion of virtual
reality for rehabilitation - Review. Applied
Ergonomics. 2018 May; 69:153-61. doi: doi.
org/10.1016/j.apergo.2018.01.009.

Prasertsakul T, Kaimuk P, Chinjenpradit W,
Limroongreungrat W, Charoensuk W. The effect
of virtual reality-based balance training on motor
learning and postural control in healthy adults: a
randomized preliminary study. Biomed Eng Online.
2018;17:124. doi: 10.1186/s12938-018-0550-0.

Miled HM, Youssef IBH, Boudoukhane S, Salah
S, Ayeb ME, Jellad A, et al. Interest of visual
biofeedback rehabilitation on balance in the lower
limb amputee. Annals of Physical and Rehabilitation
Medicine. 2017 Sep;60:e53. doi: doi.org/10.1016/j.
rehab.2017.07.200.

Fung V, Ho A, Shaffer J, Chung E. Use of Nintendo
Wii Fit™ In the rehabilitation of outpatients
following total knee replacement: A preliminary



18.

randomised controlled trial.
2012 Sep;98(3):183-8. doi:
physio.2012.04.001.

Negrini S, Bissolotti L, Ferraris A, Noro F, Bishop
MD, Villafane JH. Nintendo Wii Fit for balance
rehabilitation in patients with Parkinson’s disease:
A comparative study. Journal of Bodywork and
Movement Therapies. 2017 Jan;21(1):117-23. doi:
doi.org/10.1016/j.jbmt.2016.06.001.

Physiotherapy.
10.1016/.

Medico-legal Update, January-March 2020, Vol. 20, No. 1 2257
19. Riches S,, Garety P,

Rus-Calafell M, Stahl
D, Evans C, Sarras N, et al. Using Virtual
Reality to Assess Associations Between Paranoid
Ideation and Components of Social Performance:
A Pilot Validation Study. Cyberpsychol Behav
Soc Netw. 2019 Jan;22(1):51-59. doi: 10.1089/
cyber.2017.0656.



