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IGHLIGHTS
Vestibular  rehabilitation  supported  with  virtual  reality  appears  to  be  effective  in  elderly  patients  with  dizziness.
Virtual  reality-based  vestibular  rehabilitation  is  superior  to  conventional  vestibular  rehabilitation  therapy  alone.
The  implementation  of  the  virtual  reality  environment  in  the  vestibular  rehabilitation  program  may  be  useful.
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Abstract
Objectives:  To  investigate  the  effect  of  vestibular  rehabilitation  exercises  supported  with
virtual reality  containing  real-life  environments  on  dizziness,  static  and  dynamic  balance,
functional mobility,  fear  of  falling,  anxiety,  and  depression  in  elderly  patients  with  dizziness.
Methods: In  this  prospective  randomized  controlled  study,  32-patients  aged  65-years  and  older
who applied  to  the  otorhinolaryngology  clinic  with  dizziness  complaint  randomly  assigned  to
2 groups.  In  Group  1  (n  =  16),  vestibular  rehabilitation  program,  supported  with  virtual  reality,
and in  Group  2  (n  =  16),  conventional  vestibular  rehabilitation  program  was  applied  30-min  a
day, 5  sessions  per  week,  15  sessions  in  total  for  3  weeks.  Subjects  were  evaluated  with  The
),  Dizziness  Handicap  Inventory  (DHI),  Berg  Balance  Test  (BBT)  and
),  Falls  Efficacy  Scale-International  (FES-I),  Postural  Stability  Test

 Scale  (GDS),  Hamilton  Anxiety  Scale  (HAS)  at  baseline,  at  the  end
nths  after  the  treatment.
Vertigo Symptom  Scale  (VSS
Timed Up  &  Go  Test  (TUG
(PST), Geriatric  Depression
of the  treatment  and  6-mo
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Results:  Statistically  significant  improvements  were  seen  in  the  DHI  emotional  subscale  and
TUG in  Group  1  compared  to  Group  2  at  the  end  of  the  treatment  in  elderly  with  dizziness
(p <  0.05).  Also,  there  were  significant  improvements  in  the  VSS,  all  DHI  subgroups,  and  total
scores, BBT,  HAS  in  Group  1  compared  to  Group  2  at  the  6-months  after  the  treatment  (p  <  0.05).
Conclusion:  The  application  of  vestibular  rehabilitation  in  a  virtual  reality  environment  can  lead
to additional  improvements  especially  in  dizziness  symptoms,  disability,  balance,  and  mobility
in the  elderly  with  chronic  dizziness.
©  2021  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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Board  of  Pamukkale  University  approved  the  study  proto-
col  (registration  no 60116787-020/63464,  date  of  approval;
September-19,  2017).  Also,  the  subjects  gave  their  written
informed  consent  to  participate  in  the  study.
ntroduction

izziness  is  a  condition  that  includes  disorders  of  spatial
rientation  and  motion  perception  and  may  affect  gaze  sta-
ility,  posture,  and  gait.  This  problem  occurs  approximately
n  30%  of  the  elderly  in  the  community  and  its  prevalence
ncreases  with  age.1 Patient  with  a  history  of  dizziness  have
imitations  in  daily  activities,  associated  with  increased  fear
f  falling  and  fall-risk.2,3

It  has  been  shown  that  vestibular  rehabilitation  programs
ncluding  postural  control  and  balance  exercises  have  pos-
tive  effects  on  dizziness,  balance,  and  risk  of  falling  in
he  elderly.4,5 Exercise  programs  are  often  performed  in

 clinical  setting  or  at  home.  It  has  been  reported  that
nteractive  video  games  and  virtual  reality  provide  new  plat-
orms  for  the  delivery  of  exercise  programs  that  can  be
sed  at  home  and  for  some  users  may  be  more  enjoyable
han  typical  exercise.6 Positive  effects  on  walking,  postu-
al  control,  balance,  and  mobility  in  the  elderly  have  been
eported  with  exercises  in  the  form  of  interactive  games
here  virtual  reality  technologies  are  used.7---11 Recently  a

tudy  showed  that  being  exposed  to  immersive  virtual  reality
sing  a  head-mounted  display  is  a  feasible,  safe  approach  to
rovide  beneficial  experiences  to  older  adults  with  mobility,
ensory,  and/or  cognitive  impairments.12 Exercise  programs
ontaining  real-life  environments  such  as  streets,  super-
arkets,  parks,  workplaces,  where  traffic  is  available  can
ake  a  difference  in  patient  motivation  and  exercise  effec-

iveness.  Although  the  suggestibility  of  virtual-reality  in
alance  training  in  patients  with  vestibular  disorders  has
lready  been  stated,  there  have  been  conflicting  data  on  the
ptimal  conditions  to  perform  virtual  reality-based  vestibu-
ar  rehabilitation  therapy.  Furthermore,  to  the  best  of  our
nowledge,  there  is  no  study  investigating  the  effects  of  vir-
ual  reality  containing  real-life  environments  created  by  3D
eal-life  videos  played  by  virtual  reality  glasses  and  smart-
hone  technology.

The  objective  of  this  study  was  to  investigate  the  effect
f  vestibular  rehabilitation  exercises  supported  with  virtual
eality  containing  real-life  environments  on  dizziness,  static
nd  dynamic  balance,  functional  mobility,  fear  of  falling,
nxiety,  and  depression  in  elderly  patients  with  dizziness.
S42
ethods

tudy  design  and  participants

his  prospective,  randomized,  single-blind,  single-center,
ontrolled  study  was  conducted  at  Pamukkale  University
aculty  of  Medicine  between  September  2017  to  July
018.  A  total  of  91-patients  aged  65-years  and  older  who
ere  admitted  to  the  outpatient  clinic  of  the  otorhino-

aryngology  department  with  dizziness  complaints  were
creened  for  eligibility.  After  a  detailed  history  and  physical
xamination  including  a  detailed  ear,  nose,  and  throat  exam-
nation,  outpatient  hearing,  and  other  audiological  tests
long  with  vestibular  tests  including  positional,  oculomotor
nd  postural  tests  had  done.  When  necessary,  radiolog-
cal  examinations  including  magnetic  resonance  imaging
as  requested  from  the  patients  in  terms  of  differential
iagnosis.  Patients  with  uncompensated  peripheral  disease
or  more  than  3-months  were  referred  to  the  outpatient
linic  of  physical  medicine  and  rehabilitation  department
or  balance  rehabilitation.  The  inclusion  criteria  were  refer-
ing  an  otolaryngologist  with  the  complaint  of  dizziness,
iving  in  society,  and  being  able  to  stand  up  and  walk
y  themselves  without  needing  an  assistive  device.  The
riteria  for  exclusion  were  as  follows;  the  presence  of  cog-
itive  impairments  (Mini-Mental  State  Examination  score  ≤
3  points),  presence  of  musculoskeletal  or  systemic  dis-
ase  that  prevents  exercise,  participating  in  an  exercise
rogram  in  the  last  6-months,  presence  of  psychiatric  or
eurological  diseases  that  affect  cooperation  and  cognitive
unctions  in  their  medical  history,  presence  of  neurologi-
al  disease  that  affects  balance  in  their  medical  history,
resence  of  visual  impairment,  having  positive  Dix-Hallpike
est  and  having  lower  25  (OH)Vit-D  level  than  30  ng/mL.
he  study  was  prospectively  registered  at  Clinical  Trials.
ov  (NCT03412708).  The  study  was  designed  in  accordance
ith  the  Helsinki  Declaration  and  the  Institutional  Review
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Patients  who  meet  the  inclusion  criteria  after  initial
creening  and  do  not  have  exclusion  criteria  randomly
ssigned  by  layered  block  randomization  into  two  groups,
ncluding  sixteen  patients  in  each  group  as  follows:  Group  1
eceived  supervised  vestibular  rehabilitation  supported  with
irtual-reality  (n  =  16),  Group  2  received  supervised  vestibu-
ar  rehabilitation  program  without  virtual-reality  (n  =  16).

ntervention

ll  patients  were  trained  initially  by  a  physician  for  30  min,
ncluding  a  definition  of  fall,  definition  of  fall  prevention,
isk  factors,  information  on  fall  prevention,  and  recommen-
ations  for  preventing  falls.

The  3D  videos  consist  of  2-media  recorded  with  a  360
amera  (Samsung  Gear-360).  (1)  Video  recorded  in  a  broad
quare  with  heavy  pedestrian  and  car  traffic  recorded  with
he  real  environmental  noise,  (2)  Video  recorded  while
alking  among  the  aisles  of  a  big  supermarket  where  all

helves  are  full  of  goods  in  different  shapes  and  colors.  3D
ideos  were  played  with  a  smartphone  (Samsung  Galaxy-S7)
ttached  to  a  virtual  reality  goggle  (Samsung  Gear  VR-
M323).  The  duration  of  the  videos  was  15-min  and  1.5-min,
espectively.  When  the  patients  were  wearing  goggles,  they
ould  only  see  the  playing  3D  video.  Patients  in  Group  1  per-
ormed  the  exercises  with  the  goggles  on  and  the  video  was
laying  in  a  clinical  setting  supervised  by  a  physician.  Exer-
ises  were  conducted  while  sitting  and  standing  in  the  1st

ideo,  and  on  the  treadmill  in  the  2nd  video.
Patients  in  Group  2  performed  the  exercises  in  a  clini-

al  setting  supervised  by  the  same  physician  without  virtual
eality.

Vestibular  exercises  were  applied  for  three  weeks,  5-
imes  per  week,  2-sets  of  15-min,  with  a  5-minute  break
etween  sets,  for  a  total  of  35-min  in  both  groups.  Patients
ho  did  not  attend  at  least  3-sessions  during  the  interven-

ion  program  dropped  from  the  study.  Compliance  during  the
ehabilitation  program  was  excellent  as  only  one  patient  in
ach  group  missed  on  average  2/15  sessions.  The  patients
ere  informed  about  the  purpose  of  the  exercises.  During

he  exercises,  assisted  ambulation  system  (Biodex-Free-
tep-SAS)  was  used  to  ensure  the  safety  of  the  patient  and
o  prevent  falls.  The  exercise  program  consisted  of  exer-
ise  for  eye  movements,  gaze  stability,  and  postural  stability
as  applied  by  subjects  in  the  study  groups.  The  exercise
rogram  was  summarized  in  Table  1.

ssessment  parameters

estibular  questionnaire  data
o  assess  the  dizziness  symptoms  severity  subjects  filled
ut  the  Short  form  Vertigo  Symptom  Scale  (VSS)  which  is

 15-item  self-report  rating  questionnaire  evaluating  the
requency  of  dizziness  and/or  unbalance  and  accompany-
ng  autonomic  and  anxiety  symptoms  within  the  last  one
onth.13,14 The  total  score  is  between  0  and  60,  higher

cores  indicate  a  more  serious  problem.  A  total  score  of  12  or

ore  indicates  severe  dizziness.  The  validity  and  reliability

f  the  Turkish  version  of  VSS  were  shown  by  Yanık  et  al.15

Dizziness  Handicap  Inventory  (DHI)  was  used  to  assess
isability  in  patients  with  dizziness.  It  is  a  questionnaire
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onsisting  of  25  questions  about  the  physical,  functional,
nd  emotional  state  of  the  patient.  The  maximum  score  for
he  emotional  and  functional  subgroups  is  36,  and  the  max-
mum  score  for  the  physical  function  subgroup  is  28,  with  a
aximum  score  of  100  in  total.  Higher  scores  indicate  more
isability.16 The  Turkish  version  of  the  DHI  was  shown  to  be
eliable  and  valid.17

alance  assessment
linical  dynamic  balance  was  evaluated  by  the  Berg  Balance
est  (BBT).  In  BBT,  the  level  of  qualification  for  each  item  is
cored  from  zero  to  four,  where  0  means  ‘‘can  not  do  it’’;
nd  4  means  ‘‘can  do  it  independently  and  safely’’.  The  total
aximum  score  is  56  and  the  higher  scores  show  a  better
alance.18 Şahin  et  al.  showed  that  the  Turkish  version  of
he  BBT  was  a  reliable  and  valid  scale  for  assessing  balance
n  elderly  adults.19

Postural  stability  tests  were  measured  by  Dynamic  Postur-
graphy  Biodex  Balance  System  (Biodex,  Inc.,  Shirley,  New
ork).20,21 There  is  a  balance  platform  of  this  system  in  rela-
ion  to  computer  software  that  allows  objective  evaluation
f  the  system,  which  can  be  tilted  up  to  20◦ at  a  360◦ range
f  motion.  The  overall  stability  score  refers  to  the  balance
bility  of  the  person  in  general  and  high  values  indicate  that
he  balance  is  impaired.  After  a  20-s  trial  test,  each  person
as  subjected  to  three  20-s  tests.  A  10-s  rest  period  was
rovided  between  each  test,  and  as  a  result,  averages  of
hese  three  tests  were  obtained.

Timed-Up&Go  (TUG)  test  was  used  to  assess  functional
obility.  In  this  test,  the  elapsed  time  is  measured  in  sec-

nds  for  the  individual  to  get  up  from  the  sitting  position,
alk  a  3  m  distance  and  return.22 The  standard  chair  with
rmrests,  a  tape,  cone,  or  other  clear  marker  indicating  the
nd  of  the  distance  should  be  required  and  the  person  should
ear  walking  shoes.

he  Psychological  impact  of  dizziness
nternational  Falls  Efficacy  Scale  (IFES)  was  used  to  assess
ear  of  falling.  The  test  consists  of  16  questions  that  assess
atients’  anxiety  about  the  possibility  of  falls  during  their
aily  activities.23 Each  question  is  scored  between  0  to  4.  It
as  shown  that  the  Turkish  version  of  the  IFES  was  reliable
nd  valid  for  the  elderly  population.24

Geriatric  Depression  Scale  (GDS)  was  used  to  screen
epression  in  the  elderly  population  in  this  study.  The  scale
onsists  of  a  total  of  thirty  closed-ended  questions.25 The
nswers  are  calculated  as  ‘‘1’’  point  for  each  question  if
nswered  in  a  depressing  way,  and  the  sum  of  these  points
nd  the  total  score  are  calculated.  The  higher  scores  indi-
ate  depressive  characteristics.  The  validity  and  reliability
f  the  GDS  have  been  proven  by  translating  it  into  Turkish.26

Hamilton  Anxiety  Scale  (HAS)  which  was  developed  by
amilton,  questions  the  anxiety  severity,  psychological  and
omatic  symptoms.  When  each  of  the  14-items  is  assessed,  a
core  of  0---4  is  given,  and  the  patients  are  evaluated  based
n  the  scores  they  receive  in  the  overall  total.  The  higher
he  score,  the  higher  the  severity  of  anxiety.27 The  total

core  is  between  0---56,  below  17  is  mild,  between  18---24  is
oderate  and  25---30  is  severe.  Reliability  and  validity  of  the

urkish  version  of  the  HAS  were  conducted  by  Yazıcı  and  his
olleagues.28
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Table  1  Exercise  program  applied  by  subjects  in  the  study  groups.

Vestibular  exercise  program

Exercises  for  eye  movements
Smooth-  Pursuit  Eye  Movements:  The  patient  is  asked  to  move  their  eyes  at  first  slowly  and  then  quickly  in  horizontal  and

vertical directions  (10-times).  In  the  1st week  while  sitting,  in  the  2nd week  while  standing,  and  in  the  3rd week  while
standing on  soft  ground.

Saccadic  eye  movements:  The  patient  is  asked  to  focus  by  moving  their  eyes  1-time  per  second  to  2-targets  30  cm  away  from
each other  (10-times).  Motion  is  applied  in  horizontal  and  vertical  directions.  While  sitting  on  the  1st week,  standing  on  the
2nd week,  and  standing  on  soft  ground  for  the  3rd week.

Exercises  for  gaze  stability
Training  of  Vestibulo-ocular  reflex:  1)  The  patient  is  asked  to  move  their  headfirst  in  horizontal,  then  in  vertical  directions

for 1-minute,  focusing  on  a  fixed  object.  While  sitting  on  the  1st week,  standing  on  the  2nd week,  and  standing  on  soft
ground for  the  3rd week.  2)  The  patient  is  asked  to  move  their  headfirst  in  horizontal,  then  in  vertical  directions  for
1-minute, focusing  on  a  moving  object.  While  sitting  on  the  1st week,  standing  on  the  2nd week,  and  standing  on  soft
ground for  the  3rd  week.

Training  of  Cervico-ocular  reflex:  The  patient  sitting  on  a  rotating  chair  is  asked  to  move  their  torso  to  the  right  and  left,
keeping his  head  steady  by  focusing  on  a  fixed  object  (10-times).  It  is  conducted  in  the  1st and  2nd weeks.

Exercises  for  postural  stability
Standing  up:  1)  Week:  Bend  forward  and  side  to  side  while  sitting,  pass  from  sitting  position  to  standing  position  and  back  to

sitting position  (10-times),  standing  in  various  positions  (feet  together,  tandem  position)  (15  s),  marching  in  place
(10-times) is  requested.  2)  Week:  Bending  their  body  front  and  back,  and  to  their  sides  (10  front  and  back,  10  to  the  sides)
while standing,  standing  in  various  positions  (feet  together,  tandem  position)  (15  s),  marching  in  place  (10-times)  is
requested. 3)  Week:  The  exercises  in  the  2nd week  are  conducted  on  soft  ground.

Walking: Patients  conduct  their  exercises  while  walking  at  a  pace  of  1.6  km/h  on  the  treadmill.  1)Week:  They  are  asked  to
walk forward  on  the  treadmill  (1-min).  2)  Week:  They  are  asked  to  walk  on  the  treadmill  while  moving  their  head  left-right,
front-back (1-min).  3)  Week:  They  are  asked  to  walk  on  the  treadmill  while  focusing  on  a  fixed  object  and  moving  their
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heads first  horizontally  and  then  vertically  (1-min)

tatistics

he  minimum  sample  size  was  calculated  as  15-patients  per
roup  based  on  95%  power  and  a  two-sided  0.05  significance
evel  (�  =  0.05,  �  =  0.95)  using  the  G-power  3.1.9.4  statistical
rogram.  The  sample  size  capable  of  detecting  a  change
or  the  BBT  was  estimated  using  the  expected  amount  of
hange  in  BBT  data  obtained  from  a  previous  study  (Group

 BBT  score  amount  of  change:  1.74  vs.  Group  2  BBT  score:
.06).29

All  statistical  analyses  were  performed  using  SPSS-version
2.0  for  Windows  (Statistical-Package  for  the  Social  Sci-
nces  Inc,  Chicago,  IL,  USA).  Descriptive  statistics  were  used
o  describe  demographic  characteristics.  The  Shapiro  Wilk
est  was  used  to  analyze  the  normal  distribution  assumption
f  the  data.  Continuous  variables  were  analyzed  with  the
ann-Whitney-U  test,  whereas  categorical  variables  were
nalyzed  with  a  chi-squared  test  to  compare  the  significance
f  the  differences  between  two  groups.  In  all  analyses,  p-
alues  <  0.05  were  considered  statistically  significant.

esults

efore  starting  the  rehabilitation

 total  of  91  elderly  patients  with  dizziness  were  screened

or  eligibility  for  this  study,  59  of  whom  had  to  be  excluded
rom  the  study;  39  of  them  due  to  the  positive  Dix-Hallpike
est,  7  of  them  due  to  using  assistive  devices  for  ambula-
ion,  7  of  them  due  to  presence  of  cognitive  impairments,  4

s
o
6
a

S44
f  them  due  to  the  presence  of  visual  impairment,  2  of  them
ue  to  presence  of  neurological  diseases  that  affect  cooper-
tion  in  their  history.  Two  patients  in  Group  1  and  one  patient
n  Group  2  failed  to  complete  the  program  because  of  non-
ompliance  with  the  training  schedule.  Also,  a  patient  in
roup  1  and  two  patients  in  Group  2  failed  to  follow  up.
herefore,  26  patients  with  dizziness  of  whom  10  were  male
nd  16  were  female,  with  a  median  age  of  70-years  were
ompleted  the  entire  study  protocol  (Fig.  1).  There  were
o  significant  differences  between  the  groups  at  baseline  in
erms  of  demographic  and  clinical  characteristics  (p  >  0.05)
Table  2).

mmediately  after  rehabilitation

tatistically  significant  differences  were  found  between  two
roups  in  DHI  emotional  subscale  and  TUG  at  the  end  of  the
reatment  (p  <  0.05)  (Tables  3 and  4).

t  the  end  of  6-months  after  rehabilitation

here  were  significantly  greater  improvements  in  the  VSS,
ll  DHI-subgroups,  and  total  scores,  BBT,  HAS  in  Group  1
ompared  to  Group  2  at  the  6-months  after  the  treatment
p  <  0.05)  (Tables  3---5).  On  the  other  hand,  there  were  no

tatistically  significant  differences  between  groups  in  terms
f  postural  stability,  fear  of  falling,  and  depression  at  the
-months  after  the  treatment  (p  >  0.05).  There  were  no
dverse  events  attributable  to  the  study  protocol.
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iscussion

his  randomized  controlled  study  was  the  first  to  inves-
igate  the  effect  of  vestibular  rehabilitation  supported
y  3D-real-life  videos  played  on  virtual-reality  glasses
nd  smartphone  technology  in  elderly  patients  with  dizzi-
ess  in  the  short-  and  long-term  follow-up.  Our  results
evealed  that  the  virtual  reality-based  vestibular  reha-
ilitation  exercises  may  be  an  effective  treatment  in
educing  dizziness,  disability  due  to  dizziness,  balance,

unctional  mobility,  and  anxiety  in  elderly  patients  with
izziness.

The  use  of  virtual  reality  technology  for  vestibular  reha-
ilitation  can  induce  retinal  slip  and  promote  adaptation

m
p
b
(
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 flow  diagram.

nd  compensation.  The  induction  of  retinal  slip  creates
ptokinetic  eye  movements,  which  stimulate  adaptation
echanisms.30,31 In  a recent  study,  it  was  used  a  headset

nd  phone  displaying  a  rollercoaster  ride  induce  a  visual
nd  vestibular  challenge  to  postural  stability  in  28  healthy,
hysically  active  people.  The  researchers  stated  that  the
irtual-reality  environment  applied  by  smartphones  cre-
tes  difficulties  on  postural  stability  control  and  can  be
sed  as  a  training  stimulus.32 Furthermore,  it  was  reported
hat  exposure  to  the  virtual  environment  with  a  head-

ounted  virtual  reality  system  may  have  the  potential  to
roduce  adaptive  changes  in  the  central  vestibular  system
y  creating  a  temporary  reduction  in  Vestibulo-Ocular  Reflex
VOR)  gain.33 In  a  preliminary  study,  subjects  performed  a
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Table  2  Demographic  and  clinical  characteristics  of  patients.

Group  1
(n  =  13)

Group  2
(n  =  13)

p

Age  (years)  median  (IQR)  70.00  (6.00)  70.00  (5.00)  0.500
Gender, n  (%)

0.420Female  7  (53.8)  9(69.2)
Male 6  (46.2)  4  (30.8)
BMI (kg/m2)  median  (IQR)  28.40  (5.20)  29.40  (5.70)  0.663
Chronic disease,  n  (%)

0.211
None  6  (46.2)  2  (15.4)
One 3  (23.1) 6  (46.2)
More than  one 4  (30.8) 5  (38.5)
Smoker,  n  (%)

0.308Current  smoker  1  (7.7)
Never 13  (100)  12  (92.3)
Alcohol, n  (%)  ---

0.308User 1  (7.7)  ---
Not user  12  (92.3)  13  (100)
Medication,  n  (%)

0.412
None  5  (38.5)  2  (15.4)
Less than  three  6  (6.2)  8  (61.5)
More than  three  2  (15.4)  3  (23.1)
Mini-Mental  State  Test,  Median  (IQR)  28.00  (1.5)  27.00  (2.00)  0.179
Lower extremity  muscle  strength,  Median  (IQR)  14.00  (3.00)  12.00  (4.00)  0.778
Lower extremity  sensory  examination,  n  (%)

0.277Normal  12  (92.3)  10  (76.9)
Abnormal  1  (7.7)  3(23.1)
Eye movements,  n  (%)

1.00Normal  13  (100)  13  (100)
Abnormal  ---  ---
Orthostatic  hypotension,  n  (%)

0.658Present 3  (23.1)  4  (30.8)
Absent 10  (76.9) 9  (69.2)
Cerebellar  test,  n  (%)
Normal  13  (100) 13  (100)
Abnormal  --- --- 1.00
Fall history,  n  (%)

0.543
None  10  (76.9) 8  (61.5)
One, 1  (7.7) 3  (23.1)
More than  one  2  (15.4)  2  (15.4)
Fracture  history  n  (%)

0.308Present  ---  1  (7.7)
Absent 13  (100)  12  (92.3)
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Group 1, Vestibular rehabilitation supported with virtual reality; G
Body Mass Index.

earch  task  that  included  active  head  movements  on  a 360-
egree  visual  display,  while  the  control  group  applied  the
ame  adaptation  protocol  without  using  a  virtual  screen.
t  the  end  of  the  week,  researchers  found  an  increase  in
OR  gain  and  improvement  in  DHI  in  subjects  using  visual
creens.  Researchers  concluded  that  immersive  computing
nvironments  can  increase  VOR  gain  and  reduce  vertigo.34

n  our  study,  a  more  comprehensive  vestibular  rehabilitation
rogram  including  static  and  dynamic  postural  stability  exer-

ises  was  applied  together  with  gaze  stabilization  exercises
ncluding  active  head  and  eye  movements.  At  the  end  of  the
-week  treatment,  the  effect  of  exercise  in  the  virtual  envi-
onment  using  virtual  glasses  and  smartphone  technology  on
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 2, Vestibular rehabilitation program without virtual reality; BMI,

he  improvement  of  the  emotional  score  of  DHI  was  superior
o  the  control  group.

Particularly,  evidence  is  scarce  regarding  the  efficacy
f  using  virtual  reality  in  the  elderly.  Unlike  our  study,  it
as  reported  that  virtual  reality-based  treatment  produces
quivalent  effects  on  balance,  dizziness-related  disabil-
ty,  functional  mobility,  gait,  and  anxiety  in  patients  with
he  vestibular  disorder  compared  with  clinically  accepted
ustomized  vestibular  rehabilitation  including  gaze  stabi-

ization,  standing  balance,  and  walking  exercises.  In  the
irtual  reality-based  treatment  group,  they  walked  on  a
readmill  in  an  immersive  virtual  market  environment.35 In
ur  study,  patients  were  over  65-years  of  age  and  had  only
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Table  3  Comparison  of  vestibular  variables.

Group  1  Group  2  p
Median  (IQR)  Median  (IQR)

VSS
PreT  9.00  (11.00)  15.00  (18.00)  0.258
PostT  4.00  (6.50)  11.00  (18.00)  0.257
PostT6M  4.00  (10.00)  10.00  (11.50)  0.025
DHI Functional
PreT  16.00  (12.00)  24.00  (16.00)  0.236
PostT  8.00  (14.00)  20.00  (18.00)  0.188
PostT6M 2.00  (12.50) 22.00  (14.50) 0.032
DHI  Emotional
PreT 14.00  (12.00) 8.00  (19.00) 0.918
PostT  4.00  (6.00)  10.00  (15.00)  0.046
PostT6M  0.00  (7.00)  8.00  (18.00)  0.049
PreT  14.00  (12.00)  8.00  (19.00)  0.918
DHI Physical
PreT  18.00  (17.00)  12.00  (12.00)  0.661
PostT  6.00  (11.00)  12.00  (15.00)  0.353
PostT6M  4.00  (12.00)  14.00  (11.00)  0.047
DHI Total
PreT  50.00  (37.00)  48.00  (43.00)  0.625
PostT  18.00  (28.00)  42.00  (38.00)  0.117
PostT6M  8.00  (25.00)  44.00  (35.00)  0.015

Group 1, Vestibular rehabilitation supported with virtual real-
ity; Group 2, Vestibular rehabilitation program without virtual
reality; p, Mann-Whitney U test; PreT, Pretreatment; PostT,
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Table  4  Comparison  of  balance  variables.

Group  1  Group  2  p
Median  (IQR)  Median  (IQR)

BBT
PreT  50.00  (6.00)  51.00  (6.00)  0.737
PostT  54.00  (3.00)  52.00  (5.00)  0.108
PostT6M  54.00  (4.00)  51.00  (5.00)  0.042
PST-GSI
PreT  1.20  (0.55)  1.30  (0.85)  0.604
PostT  1.00  (0.75)  0.80  (0.50)  0.777
PostT6M 1.00  (0.45)  1.00  (0.40)  0.979
PST-APSI
PreT 0.90  (0.55) 0.80  (0.45) 0.661
PostT  0.50  (0.55)  0.60  (0.50)  0.470
PostT6M  0.70  (0.35)  0.70  (0.40)  0.757
PST-MLSI
PreT  0.70  (0.40)  0.80  (0.50)  0.502
PostT  0.50  (0.50)  0.50  (0.30)  0.816
PostT6M  0.50  (0.35)  0.40  (0.40)  0.897
FRI
PreT  1.10  (0.50)  1.20  (0.45)  0.439
PostT  0.80  (0.80)  0.70  (0.40)  0.643
PostT6M  0.80  (0.55)  1.00  (0.35)  0.222
TUG
PreT  14.00  (2.50)  15.00  (5.00)  0.286
PostT  11.00  (1.50)  13.00  (4.50)  0.004
PostT6M  13.00  (4.50)  14.00  (6.00)  0.368

Group 1, Vestibular rehabilitation supported with virtual real-
ity; Group 2, Vestibular rehabilitation program without virtual
reality; p, Mann-Whitney U test; PreT, Pretreatment; PostT, Post-
treatment; PostT6M, 6-month posttreatment; BBT, Berg Balance
Test; GSI, General Stability Index; MLSI, Medio-lateral Stability
Index; APSI, Anteroposterior Stability Index; FRI, Falling Risks
Index; TUG, Timed Up&Go test.

Table  5  Comparison  of  the  psychological  variables.

Group  1  Group  2  p
Median  (IQR)  Median  (IQR)

IFES
PreT  25.00  (18.00)  25.00  (19.00)  0.778
PostT  19.00  (7.00)  26.00  (11.00)  0.123
PostT6M  21.00  (10.50)  26.00  (17.00)  0.205
GDS
PreT  7.00  (11.50)  8.00  (8.00)  0.328
PostT  6.00  (6.50)  9.00  (8.00)  0.246
PostT6M  7.00  (9.00)  12.00  (11.00)  0.302
HAS
PreT  3.00  (6.00)  6.00  (4.00)  0.551
PostT  1.00  (3.50)  2.00  (8.50)  0.176
PostT6M  1.00  (2.00)  5.00  (6.50)  0.008

Group 1, Vestibular rehabilitation supported with virtual real-
ity; Group 2, Vestibular rehabilitation program without virtual
reality; p, Mann-Whitney U test; PreT, Pretreatment; PostT, Post-
treatment; PostT6M, 6-month posttreatment; IFES, International
Posttreatment; PostT6M, 6-month Posttreatment; VSS, Vertigo
Symptom Scale; DHI, Dizziness Handicap Inventory.

eripheral  vestibular  insufficiency  unlike  in  that  study.  Also,
e  found  that  using  virtual  reality  in  addition  to  vestibu-

ar  rehabilitation  was  significantly  superior  to  vestibular
ehabilitation  therapy  alone  on  the  DHI  emotional  subscale
nd  TUG.  Furthermore,  the  cumulative  treatment  time  in
he  virtual  environment  was  also  longer  in  our  study.  It
as  been  reported  that  the  magnitude  of  the  effect  of
reatment  in  virtual-reality  treatments  is  associated  with
umulative  exposure  to  the  virtual-reality  environment.36

dditionally,  it  was  stated  that  older  adults’  tendency  to
ncorporate  spatially  conflicting  and  unreliable  visual  cues
nto  their  self-motion  percept  may  affect  their  performance
n  mobility-related  tasks  like  walking  and  driving.  Vestibu-
ar  rehabilitation  in  a  virtual-reality  environment  may  have
ifferent  effects  on  the  elderly  and  young  people.37

Virtual  reality  settings  are  extremely  useful  for  vestibular
isorders  and  strongly  recommended.  Recent  randomized
ontrolled  trials  compared  the  use  of  a  home  exercise
rogram  including  only  traditional  vestibular  rehabilitation
control-group)  and  the  Track  Speed  Racing  3D-game  with

 head-mounted  display  and  smartphone  (experimental-
roup)  in  patients  with  chronic  unilateral  vestibular
ypofunction.38,39 Micarelli  et  al.  found  that  the  improve-
ent  in  VOR  gain  on  the  lesional  side,  in  posturography
arameters,  as  well  as  in  DHI  and  Activities-specific  Bal-
nce  Confidence  scale  scores  of  the  experimental  group,  was

ignificantly  greater  than  that  of  the  control  group  in  the
hort-term  (4-week).38 Viziano  et  al.  then  reported  that  the
ignificant  difference  between  the  two  groups  remained  in
he  long-term  (56-week)  follow-up,  even  though  both  groups

Falls Efficacy Scale; GDS, Geriatric Depression Scale; HAS, Hamil-
ton Anxiety Assessment Scale.
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iscontinued  their  home  exercise  program  after  the  first
-weeks.39 In  our  study,  the  virtual  reality-based  vestibu-
ar  rehabilitation  did  not  provide  more  improvements  in
he  posturographic  scores,  DHI  total,  and  subscale  scores
xcept  the  emotional  subscale  at  the  end  of  the  3-weeks
reatment.  Unlike  the  study  of  Micarelli  et  al.,  exercises
ere  performed  in  a  virtual  environment  instead  of  a  game
rocedure  in  the  experimental  group.  Also,  the  shorter
uration  of  treatment,  the  lower  number  of  patients,  and
he  older  age  in  our  patient  population  may  have  resulted
n  fewer  outcome  improvements  in  the  short-term.  How-
ver,  similarly  to  the  study  of  Viziano  et  al.,  we  showed
hat  the  virtual  reality-based  vestibular  rehabilitation  pro-
ided  more  improvements  in  the  VSS,  DHI  all-subgroups,  and
otal  score,  BBT,  HAS  at  the  6-month  follow-up.  In  long-
erm,  the  implementation  of  the  virtual-reality  environment
n  the  vestibular  rehabilitation  program  may  be  useful  by
ore  adapting  to  real-life  environments  such  as  a  street,

upermarket,  park,  workplace,  where  traffic  is  available,
nd  spending  more  time  in  these  environments  in  elderly
atients  with  dizziness.

This  study  is  that  is  the  first  prospective  randomized-
ontrolled  study  demonstrating  the  beneficial  effect  of
irtual  reality-based  vestibular  rehabilitation  using  virtual
lasses  and  smartphone  technology  on  dizziness,  balance,
nd  functional  mobility  in  the  elderly  with  dizziness.  The
imitation  of  this  study  is  that  the  small  number  of  patients
ay  not  be  enough  to  draw  strong  conclusions  on  the  clini-

al  effects  of  virtual-reality-based  vestibular  rehabilitation.
urther  longitudinal,  prospective  studies  are  warranted  to
valuate  the  long-term  results  of  the  virtual-reality-based
estibular  rehabilitation,  using  a  larger  sample  size  with  a
ong-term  follow-up.

onclusion

estibular  rehabilitation  supported  with  virtual  reality  may
ave  additional  effects  in  elderly  patients  with  dizziness.
he  application  of  vestibular  rehabilitation  in  a  virtual
eality  environment  can  lead  to  additional  improvements
specially  in  dizziness  symptoms,  disability,  balance,  and
obility  in  the  elderly  with  chronic  dizziness.

unding

his  study  is  funded  by  Pamukkale  University  Scientific
esearch  Fund  with  Project  no 2016TIPF025.

thics approval

he  Institutional  Review  Board  of  Pamukkale  University
pproved  the  study  (registration  no 60116787-020/63464,
ate  of  approval;  September  19,  2017),  and  the  subjects
ave  their  written  informed  consent  to  participate  in  the
tudy.
rial registration

he  study  was  prospectively  registered  at  Clinical  Trials.  gov
NCT03412708).

1

S48
,  F.N.  Ardıç  et  al.
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