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Abstract

Benign paroxysmal positional vertigo (BPPV) is a common vestibular disorder among
older adults, characterised by dizziness and imbalance caused by the displacement of otoconia into
the semicircular canals. Although canalith repositioning manoeuvres are considered the standard
treatment, their high recurrence rate and the need for frequent clinic visits highlight the demand
for supplementary therapeutic approaches. This review examines the effectiveness of home-
based vestibular rehabilitation and the associated challenges in managing patients with BPPV.
A comprehensive search of databases including PubMed, Scopus, Science Direct, Web of Science,
PEDro, Mendeley, and Google Scholar identified 251 records using keywords such as “BPPV” and
“home-based exercise rehabilitation.” Following the screening of 228 records and full-text review
of 172 articles, 17 studies met the inclusion criteria. The total sample included 541 patients with
BPPV, with intervention group sizes ranging from 10 to 154 and control group sizes from 10 to 151.
Intervention durations varied between 1 and 24 weeks. The findings indicate that home-based
rehabilitation can reduce dizziness, improve balance and gait, lower fall risk, and enhance quality
of life. Digital tools such as telephone consultations and online platforms were frequently used to
support adherence and monitor exercise performance. However, the effectiveness varied across
studies, with some reporting substantial benefits and others showing limited improvements.
This review highlights the potential of digital technologies in enhancing home-based vestibular
rehabilitation, while also emphasising the need for further research to optimise protocols and
assess long-term outcomes.
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Introduction

Benign paroxysmal positional vertigo
(BPPV) is one of the most common vestibular
disorders, characterised by brief episodes of
vertigo triggered by changes in head or body
position (1, 2). It results from the displacement
of otoconia—small calcium carbonate crystals—
from the utricle into the semicircular canals
of the inner ear (3). This displacement
disrupts normal vestibular function, causing
inappropriate stimulation of the vestibular
system and subsequent positional vertigo
(2, 4). BPPV significantly impacts quality of
life, as it can lead to dizziness, imbalance, and
an increased risk of falls, especially in older
adults (5-7). Studies indicate that BPPV affects
approximately 40% of individuals over the age
of 70 who present to specialised dizziness clinics,
highlighting its substantial prevalence in this
population (8-10).

Vestibular  rehabilitation is a  well-
established treatment for BPPV and other
vestibular disorders (11). It is typically performed
in clinical settings under the supervision of
healthcare professionals, such as physical
therapists (12). This exercise-based therapy
promotes central nervous system adaptation
and habituation to vestibular dysfunction,
aiming to restore balance and reduce
symptoms (13, 14). The primary objectives of
vestibular rehabilitation are to enhance gaze
and postural stability, relieve vertigo, and
improve the performance of daily activities (15).
Numerous studies have confirmed its safety
and effectiveness, demonstrating significant
improvements in dizziness, balance, and overall
quality of life in individuals with BPPV (16, 17).

Clinic-based  vestibular  rehabilitation
offers considerable clinical benefits but is
often associated with significant economic
and accessibility challenges. In 2021, global
healthcare expenditures reached approximately
$9.8 trillion—10.3% of the worldwide gross
domestic product—yet many countries continued
to struggle with achieving proportional
improvements in health outcomes (18).
In Malaysia, economic assessments from the
same year estimated that non-communicable
diseases resulted in annual economic losses
of RM64.2 billion, including RMi2.4 billion
in healthcare costs and disability benefits and
RM51.8 billion in productivity losses (19).
Beyond financial burdens, limited accessibility

poses a major barrier to effective treatment.
Patients in rural and semi-urban areas often
travel long distances to reach rehabilitation
services, face inadequate public transportation,
and encounter a shortage of specialised
vestibular care providers (20, 21). These
persistent challenges delay timely intervention,
reduce adherence to rehabilitation protocols, and
increase the risk of functional decline, recurrent
falls, and diminished quality of life.

Currently, growing interest in home-
based programmes has positioned them as
a promising complementary approach to

vestibular rehabilitation (22). These programmes
offer several advantages, including improved
accessibility, reduced healthcare costs, and
increased patient autonomy and engagement
(23). Home-based vestibular rehabilitation
is particularly beneficial for individuals with
BPPV, as it enables consistent support and
facilitates the performance of repositioning
manoeuvres such as the Epley and Semont
manoeuvres, which are essential for symptom
relief (24). A previous systematic review found
that vestibular rehabilitation—including a variety
of home-based exercises—significantly reduced
dizziness, improved balance, and decreased
disability in affected patients (25). These findings
are supported by other studies showing that
structured vestibular rehabilitation programmes,
incorporating home-based components, lead to
notable improvements in postural stability and a
reduction in dizziness episodes (26).

Integrating technology-assisted approaches,
particularly  virtual reality and gaming
applications, into vestibular rehabilitation
represents a promising strategy for improving
patient outcomes. Recent meta-analyses have
shown that virtual reality-based programmes
significantly = enhance  both  self-reported
measures and performance outcomes in
patients with vestibular dysfunction, suggesting
that these innovations may increase patient
engagement throughout the rehabilitation
process (27, 28). For instance, Kinne et al.
conducted a systematic review demonstrating
that home-based vestibular rehabilitation was
as effective as traditional methods, indicating
that the use of technology complements rather
than compromises therapeutic efficacy (27).
Additional studies have reported that virtual
reality applications improve balance and reduce
dizziness—two critical targets in vestibular
rehabilitation (26, 29).
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The effectiveness of vestibular
rehabilitation, whether traditional or
technology-assisted, can vary depending on
individual patient characteristics. Research by
Kim et al. (30) demonstrated that personalised
rehabilitation approaches result in better
outcomes, particularly for patients with more
severe impairments, highlighting the importance
of tailoring interventions to the specific needs
of each patient. Personalisation is essential
for maximising the therapeutic benefits of
both conventional and technology-driven
rehabilitation methods, ultimately improving
patient satisfaction and adherence to treatment
protocols (31, 32).

Although existing literature indicates
that home-based vestibular rehabilitation may
benefit individuals with BPPV, a comprehensive
review of the available evidence remains
lacking. This scoping review aims to synthesise
current knowledge on home-based vestibular
rehabilitation in individuals with BPPV,
including  clinical outcomes, adherence
strategies, and the integration of technology-
assisted approaches. By identifying key findings,
evidence gaps, and future research directions,
this review seeks to inform the development
and implementation of effective home-based
vestibular  rehabilitation  programmes for
this population.

Methods

Study Design

This review protocol has been registered
with the Open Science Framework (https://
osf.io/3djzp). The scoping review follows a
standardised methodological framework (33).
The process of identifying and screening articles
for inclusion was guided by the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR) (34).

Search Strategy

A comprehensive search for relevant
studies was conducted from database inception
to October 2024, using major online databases
including Scopus, ScienceDirect, Web of Science,
PubMed, PEDro, and Mendeley. These well-
established, multidisciplinary platforms index
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a wide range of publications and citations,
particularly within the medical and health
sciences. Additional records were identified
through Google Scholar by systematically
refining results based on specific keywords, date
restrictions, thematic relevance, and source
reliability, to ensure the inclusion of credible
and contextually appropriate studies. Search
terms were carefully selected using a thesaurus,
insights from previous research, and keyword
suggestions provided by the databases. The
primary search terms included BPPV, home-
based exercise programmes, and related
strategies, with the following Boolean string
applied: ((“benign paroxysmal positional vertigo”
OR “BPPV”) AND (“home-based treatment”
OR “home-based rehabilitation” OR “home-
based program” OR “home-based exercise” OR
“home-based physical exercise” OR “home-based
exercise training” OR “home-based exercise
therapy”)).
Eligibility Criteria

This review included studies that met the
following criteria: full-text articles published
in English between 2014 and 2024; studies
involving human participants aged 18-75 years
diagnosed with BPPV; and those that focused on
individuals with BPPV who underwent home-
based vestibular rehabilitation, either as a
primary or secondary outcome measure. Studies
were considered regardless of their design,
setting, or duration, provided they addressed
home-based vestibular rehabilitation. Narrative
and systematic reviews, with or without meta-
analyses, were excluded.

Study Selection and Data Extraction

Two independent reviewers screened the
titles and abstracts of the identified studies to
assess their eligibility. Any discrepancies were
resolved through discussion. Full-text articles of
the included studies were retrieved and reviewed,
and relevant data were extracted, including study
design, participant characteristics, intervention
details, outcome measures, and key findings (35).
Table 1 provides a summary of the extracted data
from the selected articles, while Table 2 presents
information on the effects of home-based
vestibular rehabilitation on the investigated
outcome measures.
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Table 1. Characteristics of the included studies

Participant
characteristics

Exercise protocol

Exercise
intervention

Supervision/ Exercise

Author Contact aids

(min)

Intensity/
session

Study period (week)
Frequency of
treatment
volume
Time per
Type/mode

Sample size
Gender (M/F)

Arai (38) Exercise for = Baseline, 1st, NA
< E - dizziness o = 3rd, and 6th
s b H - < rehabilitation = 8 s s weeks
Z O] o 3 o o S Z 4
o) e ° and nutritional A E
. © approach >
&)
~ - A modified = Baseline, 1st, NA
& < o Kitasato o = 3rd, and 6th
<ZC & # 2 ¥ Universitymethod 3 8 <Z"~' <Z"~' weeks
= 30« for dizziness A g
© rehabilitation )
Cetin et al. ” Epley Manoeuvre Weekly
> : o
(39) &8 2 » 3% < = =
) -SRI = S N Z Z Z
O Ay ) S a3
& =g g
[le]
3)
~ Brandt-Daroff Weekly NA
o ~ Exercise Kl
R B |
5 o4 1 3 lw E &g 7 %
5 g 7 T iZ 5 EE
o} ~ Lol
Chavan w0 Epley Manoeuvre Baseline, 1st
et al. (40) 5 5_1:- ~ week, 4th
Z <ZC R - E E <Zﬁ week, and 3rd
2 = I month
s
k5|
5 5 Brandt-Daroff Baseline, 1st NA
g* 8 9 o Exercise week, 4th
IS} < s < < < <
S s g ; S o ! ! = = week, and 3rd
2 = month
=
Haciabbaso < Adaptation = ~  2times/week  WhatsApp
glu et al. a2 o exercises (Gaze o = o and
(41) = H - o Stabilisation) k= @ < 5.9 photographs
= - § 3 = g £ 2 =%
£ & b =
=
:E - Adaptation, - ] 2 times/day WhatsApp
S a 2 balance, and 8 B and
< 9 % = = Ez o g8 h h
=z &4 H Aal ) mO\{emept = 5.5 2 ] & photographs
= 5 & habituation A ® g =
<+ exercises a =

(continued on next page)
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Table 1. (continued)

Participant
characteristics

Exercise protocol

Exercise
intervention

Supervision/ Exercise

Author Contact aids

Sample size
Gender (M/F)
Study period (week)
Frequency of
treatment
Intensity/
volume
Time per

session (min)
Type/mode

Mohamad % Self-Epley Baseline, 1st
Hanapi © '§ =t Manoeuvre 2 month and
etal. (42) <« .. oE <« <+ B <« < 6th months
Z 22 22 & o S z z
wn S8 o
o
= Z
Q
~ % Brandt-Daroff Baseline, 1st NA
0 *g 2 Exercise 2 month and
< o ooh o« <+ 9 < < < 6th months
z B $g Z « g z Z Z
[m SS9 o
o
Z
Jaffar 13 Brandt-Daroff - > 1st day and Not
; . o] ) .
etal. (43) E ° <+ Exercise g < after second mentioned
A 0Ly Z v < < Kk
= .. H ~ o ) o Z =z wee
o 8 o © = £
~ = ee] =
= R °‘ «
Q
~ p Half-Somersault = = 1st day and Not
E 9 = Exercise 03) = after second mentioned
& 5 S = g ; <ZC week
o = & ° -
A~ 3 = =
(o] o] (o]
Ravi et al. 3 Epley manoeuvre Baseline, 2nd
(44) g 5 £ o week, and 1
& M g Q8 <« month
c 8 2 3
A~ 5]
5 Z
~ 3 Epley manoeuvre o Baseline, 2nd  NA
> N and Brandt-Daroff N week, and 1
2 <+ 8 & . 2 X9
B < & & & Exercise E 2% é é month
g & @& o A o g
A S 5
Z
Shaphe 2 Epley manoeuvre = Weekly
etal. (45) E o o g
= s o 5 v Z 2
|®]
A <
™ 4]
F . .
I~ Habituation o 8+ Weekly Not
= 8 exercises, gaze ':“é 2 5;9 238 reported
& ® ﬁ ° stability, and z o ° 23 %
I~ & o % Y balance training 2 o) o 2 85
g = ¢ ° s T © g2
A = o 0 g @5
3¢] Rl s a s

(continued on next page)
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Table 1. (continued)

Part1c1p'a n't = Exercise protocol
: characteristics oy
3
opm A
7] m ' ~
O o = o= . ° 5 o . s .
Author = N > © ?Exerase . nE B = = Supervision/ E'xermse
® = & 3 z Q E =)
%z S ) § Intervention & E o g -IRA £ Contact aids
2 2885 2 52 £ :: 3
2 £ c < s =28 E7 &
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&% g & i g F
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Q
F 0 Brandt-Daroff Baselineand  Not
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8 8 ; s ¥ Z Z Z Z
~ o
a
g
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S5 .
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(49) 2, I Eye, Neck % 2 g % ég weeks, and 12 format
£E88 o 3 stretching, and . £8F z j;’; & weeks
288 Y ﬂ o Deep breathing 23 “é'g <Z: 225
LN 8 o exercises) therapy A g9 & g g8
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(continued on next page)
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Table 1. (continued)

Participant
characteristics

Exercise protocol

Exercise

Author . .
intervention

Contact

Study design
Intensity/
volume

Study period (week)
Time per

Sample size
Gender (M/F)
Frequency of
treatment
session (min)
Type/mode

Vaishali Baseline, 4th,

Supervision/ Exercise

aids

Audio

= < Yoga therapy 2 8
etal. (50) £E59% 2 L & 2 > <] 0 £ 55 8thandizth cassette,
SEE = 28 5 o R < & ESE  weeks written
258 M 2 9 a E = =
S g > T = =] >33 record, by
- + telephone
Vestibular =y Baseline, 4th, Audio
< exercises 3 . 8th, and 12th  cassette,
= 2 2 2.5 2 weeks written
& 2 € o 82 &g
08 © 5 < - = 2 g record, by
O o . ) [l o = ) o = = =
s = =TS S I~ Q Q 22 g telephone
IS o ® m 7 S [a)] g S >
g .E - e s E=} g g
Z Z L 559
=1
© 2
>
—‘E No exercise was Baseline, 4th,
2 2 prescribed 8th, and 12th
2, 2=
ES B 8§ B . weeks
) =T
o QO ©« —
=] > Q =
2 Z
=
o
Gupta Epley manoeuvre Baseline,
etal. (51) E 2 1st, and 2nd
& . o weeks
S &
(=W
b3 Semont Liberatory Baseline,
. g S RN manoeuvre 1st, and 2nd
O & - H § o weeks
=g & 5 B
(=W A
o))
<+
Brandt-Daroff C;-’ . Baseline, NA
E =l Exercise o, 9 = 1st, and 2nd
= o o = 8% <Zﬂ <ZC weeks
&) % A = E
Ay - .=
| -
Yol
Choi et al. o Epley manoeuvre Baseline and
(52) E o o . 1st week
Ay a H o -
= (G- T
O @) .
A~ 8
F
Q
~ ° Brandt-Daroff . Baseline and NA
E 9 o Exercise o x 5 1st week
Y = 23 o« <
/M /M = < o8 Z Z
@) T ] < (=) =
=% < O =
e} S =

(continued on next page)

www.mjms.usm.my


http://www.mjms.usm.my

Table 1. (continued)

Participant
characteristics

Author

Study design
Sample size

Gender (M/F)
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Exercise
intervention

Study period (week)
treatment

Frequency of

Exercise protocol

Intensity/
volume
Time per
session (min)
Type/mode

Supervision/ Exercise
Contact aids

Menant o Usual care Baseline and
etal. (53) 3 % g follow-up at
<Z): 5 PSS S 6th month
|G) ) =)
O SN 0
el
3
& CRMs, home- > L o Baselineand  Diary, by
< ; N based exercises g S g § + = follow-up at telephone
<« 2 4 & < (adaptation, = s B 5 3% % &8 6thmonth
Z & o o o bstituti S ¥ AN B =
g 2 & substitution, a ° o S ¥e=E
3 habituation) o 2 g3 2
=] <5
Fatima @ Balance exercise . 2 o B = Baseline, at NA
etal. (54) = @ with a gaze £ 3 % 82E theendof
N ST R stability exercise = Ax g < i = €  2nd, 4thand
A BN EOEEIE 2 £0% emwe
T oz 7 c 7 e CRR
S o M D &b
= N BaH % o 2
<= O n H a3
(] O B
E . .
'éé Balance exercise . > Baseline, at NA
g ith saccad S B g he end of
b with saccade eye g g © o the end o
£ N 2 exercise 5 2R g g =  2nd, 4thand
N ™ 0 w0 = 23 g <« o8 8  6thweek
T g * v ¢ T &zs z 43k
2 ©o 9 -~ R % s 2T
.o ]
S & w T oS
= = = AT
@) R @ S
a

Values are presented as mean+ standard deviation; RCT = randomised control trial; NA = not available; Ave = average; PCBPPV = posterior
canal benign paroxysmal positional vertigo; SEM = Semont Epley maneuver; BDE = Brandt-Daroff exercise; EM = Epley maneuver;
SM = Semont Liberatory maneuver; BE = balance exercise; SEE = saccade eye exercise; CG = control group; HB = home-based;

reps = repetitions

Table 2. Effects of home-based vestibular rehabilitation on the investigated outcome measures

g
=]
£
) 2
5 g E
E g =
Q oy
2 N E
3] 5 ‘7
) >
g =
] =
&
-
=5
[=Vs)
=2
g &
2 £ %
Arai (38) 2 = =8
g A gh
o Y=
B 5]
B
5B
<

Outcome measure

Balance stabili
Gait performance
Fall risk

Gravitational, Sway Test
5 m walk speed
NA
NA

SF-8, frailty test, VAS

Main findings

Improved
dizziness,
physical
’553 activity, and
2 QoL
&

Adherence/
dropouts

No dropout

Significant
adverse
events

NA

(continued on next page)
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Table 2. (continued)

g Outcome measure
E >
S - £ g
2 = s Significant
b ) 2 ) ignifica
Author = 8 E = E &2 Main findings Adherence/ adverse
o= g - 73 =) B dropouts
) 3 = ) b = events
o ol .2 g o s
5 &g & 2 =
% £ 8 3
= A [~} &)
E Improved Not reported NA
Cetin et al & Z o dizziness
etin et al. 2 = < < < < < < and reduced
(39) £ T E = = = ~ ~ = recurrence rate
© A
(=)
E DHI scores 4 participants ~ NA
h & =, improved were unable to
avan B =T < < < < < < follow-u;
etal. (40) £ £ 4 2z Z Z Z P
SR
a
= B2 Improved 2 participants ~ NA
Z 258 g, £ diiness, were excluded
: 2 2 & 285 £g%
Haciabbaso R § o E 2 NEE balance,
glu et al. ’g = E g E E % %“? i QO s '% angiety, and
Q
(41) 3 A g P52 FES Q
= A
3 DHI scores Not reported Well tolerated
Mohamad %’ B Py - - Py Py - improved transient
Hanapi £ g E = = = = = = dizziness and
et al. (42) 3 0 nausea
a
© 2 Improved No dropout NA
= ZE 'E fear of falling,
e 53; g § o residual
Jaffar et al. 8 <zc :<Zc <zc <zt: § :<Z:: i S § dizziness, and
(43) § £ E E g QOL
=
>
o Improved No dropout NA
=L = % o  dizziness and
o .
?;S =0 S £°F QOL
Ravi et al. aEAQE = « < < < < =
RBes & =2 Z Z Z z A5
(44) 8T x =7 2
O g IH s 5 g
c© = 0 @)
= 2 5
[a)
4 Balance, vertigo Not receive the NA
s symptoms, and  intervention: 3
) Z anxiety were Lost to follow-
'-E § improved within up: 2
Shaphe v = < @ < < B < each group Discontinued
a2 S <)
etal. (45) > E = M Z “ VE; « Z intervention: 1
A L
5
>
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Table 2. (continued)

g Outcome measure
E >
S 2 £ &
d = ] Significant
5) )] - = v 1811
- 3 § & E & Main findings Ll i adverse
o =} = 7} ) = dropouts
9 3 3 8 < 5 events
I5l - o @
£ A& & § & =
% £ 8 3
4 M Qo
2 2 . Improved No dropout NA
£ g T dizziness
5B R =)
2% £ 09
Sheetal 4538 =2 « < < < < <
etal(46) Ez3 =5 £ A A A 7 z
e A <
EEL &
A2gE &
48 A
O m
£ G significantly  No dropout NA
5 improves
“’g more than G2
a, in dizziness,
[} 2l 9 .
=l < ‘g balance, gait
Smotka 2 > :<Zc g R B C:)D <zﬂ :<Zﬂ performance,
etal. (47) £ =) £m A E and fall risk
& =) E
<
7
:
. o ° Balance, vertigo 4 participants ~ NA
= g s symptoms, and  in HB were
Tacalan @ = 5 o« o8 o« < go‘g - < anxiety were excluded
etal. (48) T £A Z EA Z Z Hga Z  improved within
X £ > g each group
A Z %
Improved Dropout: 1 NA
el et al 2z A  dizziness,
eh et al. 2 = < < < < % anxiety and
(49) E & = = = = 7 g QoL
o]
2 Yoga therapy Adherence NA
.2 was effective reviewed by
203 as vestibular telephone,
Vaishal E § exercises in dropout: 4
aishali 2 ® = <« « « <« <« <« improving
jas)
etal. (50) gb ,§ s = Z 2 z z “ dizziness
o
Ches
o
8 - Improved Dropout: 17 NA
Y = .2 dizziness and
2 z £%2 QoL
Gupta et al. g = < < < < < <8 g
(51) g st Z Z Z Z Z SE g
S X EL =
a B9
g g
>

(continued on next page)
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Table 2. (continued)

g Outcome measure
| o
g g B
= < o .
£ 2 B "g% g = A . Adherence/ Significant
= 9 3 S = “ Main findings adverse
o =l 7} ) = dropouts
o E —ﬂ‘ o o — events
7)) N S 51 Pt (=
o N ] 1) ]
= a 7 § 2 =
o) = = 53
4 = g s
= A =} I
. Neither CG Dropout: 17 NA
Choi et al ] & nor IG showed
oretal. < g ! o] s s ! an immediate
(52) £ =] ~ ~ ~ ~ ~ positive result
&)
a
ep 5 2 o Improvement Dropout: Adverse
= g EER: o in dizziness, 44 participants  events
A 3, E I % = E balance, gait were well-
Menant & 82 __’E T S g o performance, monitored
2 = S %§ 87 5z =% S and fall risk was
et al. (53) = =T & ® S R
= 28 &E Be 2 reported
P g8 25 £a8
A 52 8 g
3 12} —_ &)
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Quality Assessment presented using descriptive statistics. The

The methodological quality of the included feasibility and _acceptability of home-based
studies was assessed using the Joanna Briggs vestibular rehabilitation were discussed based on

Institute (JBI) critical appraisal checklists, reported patient satisfaction and adherence.

which are appropriate for various study designs
(36). The risk of bias in randomised controlled Results
trials was evaluated using the Cochrane Risk of

Bias tool (RoB 2) (37). Assessment results were Figure 1 presents the PRISMA-ScR flow
presented in both tabular and narrative forms. diagram, outlining the stages of article screening
Any discrepancies in scoring between reviewers and selection. The initial search identified 251
or appraisal tools were resolved by consensus to articles relevant to the topic under investigation.
ensure consistency and rigour. After screening titles and abstracts, 79 articles

were excluded, leaving 172 potentially eligible

Data Synthesis and Analysis publications for full-text review. Following a

A narrative synthesis was conducted comprehensive evaluation of these full texts, a
to summarise the findings of the included further 155 articles were excluded. Ultimately,
studies. Results were organised according to the 17 studies met the inclusion criteria and were
type of home-based vestibular rehabilitation selected for data extraction (8, 38—50). Table
intervention and the reported outcomes. 1 summarises the key characteristics of the
Quantitative  data, including  symptom included studies, all of which were randomised
improvement and adherence rates, were controlled trials. In total, 541 patients with
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Figure 1. A Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension for Scoping

Reviews (PRISMA-ScR) flow diagram

BPPV were divided into the intervention and
control groups, with sample sizes ranging
from 10 to 154 and 10 to 151, respectively. The
duration of interventions varied from 1 to 24
weeks. Eight studies employed the Brandt-
Daroff exercises as the intervention (39, 40,
42—44, 46, 51, 52), whereas seven studies
implemented  comprehensive = home-based
exercise programmes (38, 41, 45, 48-50,
53). Seven studies instructed participants to
progressively increase the difficulty of exercises
over time (41, 45, 47—49, 53, 54). Six studies
included a supervised component—via phone,
diary, or written instructions—to monitor
participant adherence (41, 4750, 53).

The JBI critical appraisal checklist for
randomised controlled trials was used to evaluate
the risk of bias in the included studies. The
assessment revealed that six studies had a low
risk of bias, whereas 11 were rated as having a
moderate risk. Table 3 summarises the risk of
bias evaluations. All studies employed some

form of randomisation to allocate patients to
their respective groups, and participants were
treated identically within each trial. No crossover
occurred between treatment groups, and the
same assessment methods were applied to both
groups. All studies followed a defined protocol
for their randomised controlled trial design, and
appropriate statistical analyses were conducted
to support their conclusions. However, four key
parameters were not consistently followed across
the studies: concealment of group allocation and
blinding of patients, therapists, and outcome
assessors. In addition, the methodological quality
of the studies was assessed using RoB 2. Bias was
evaluated across the following domains: bias
arising from the randomisation process, bias due
to deviations from intended interventions, bias
due to missing data, bias in the measurement
of outcomes, and bias in the selection of the
reported results. Each domain was judged as
presenting a low risk, some concerns, or high
risk, based on the RoB 2 algorithm.
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The JBI Critical Appraisal Checklist for randomised controlled trials to assess the risk of bias for the

included studies
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Cetin et al. (39)
Haciabbasoglu
et al. (41)
Hanabpi et al. (42)
Jaffar et al. (43)
Shaphe et al. (45)
Sheetal et al. (46)
Smolka et al. (47)
Gupta et al. (51)
Fatima et al. (54)
Yes; N

Mohamad
Ravi et al. (44)

Teh et al. (49)
Choi et al. (52)
Menant et al.

Vaishali et al.
(53)

Tacalan et al.
(50)

Chavan et al.
(48)

Arai (38)
(40)
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Exercise Protocols

Seventeen studies were reviewed to identify
home-based vestibular rehabilitation protocols
for individuals with BPPV. These studies
commonly highlight exercise frequency, with
most protocols recommending daily routines.
The majority emphasise performing exercises
two to three times per day—particularly exercises
such as the Brandt-Daroff exercises and the
Epley manoeuvre—to maintain consistency and
maximise therapeutic benefit (38, 39, 41, 44,
47-54). However, some studies recommend
sessions twice per week, reflecting the need for
flexibility based on the clinical condition of the
patient and the complexity of the intervention
(43, 45).

In terms of exercise volume, seven studies
specifically reported the number of repetitions
or sets to be completed in each session (39, 44,
45, 48, 51, 52). Three studies recommended
performing the Brandt-Daroff exercises for 5-10
repetitions, three times per day (39, 51, 52). Such
details help ensure adherence to the prescribed
intensity and support progression throughout
rehabilitation. The volume of exercise was
tailored to the specific goals of each intervention,
with some protocols clearly defining sets and
repetitions to align with the overall treatment
plan.

The duration of each exercise session was
reported in five studies, with most specifying
a session length of 15 to 30 minutes (41, 45,
47, 50, 53). This timeframe enables patients to
engage in progressive exercises without undue
fatigue, which is essential for maintaining
consistent participation and supporting recovery.
For instance, studies (41, 53) recommended
15—30 minutes for gaze stabilisation and balance
training exercises, whereas protocols involving
more comprehensive interventions, such as yoga
therapy, prescribed longer sessions of up to 45
minutes to accommodate both physical and
relaxation components (50).

The types of exercises wused across
the studies primarily included vestibular
manoeuvres, gaze stabilisation exercises, and
balance training. All 17 studies reported the
specific exercise interventions implemented.
The Epley manoeuvre and Brandt-Daroff
exercises were the most commonly prescribed for
managing BPPV (39, 40, 42—46, 48, 51, 52). Gaze
stabilisation exercises were also widely employed
to enhance visual-vestibular integration,
particularly in patients who experienced
dizziness during head movements (41, 45, 47,

54). Balance training, including Cawthorne-—
Cooksey exercises, was frequently prescribed
to improve postural control and functional
mobility (41, 45, 47, 48, 54). Some studies also
incorporated yoga therapy, combining balance
exercises with relaxation techniques to address
both physical and psychological aspects of
vestibular dysfunction (49, 50).

Supervision methods were incorporated
in six of the 17 studies (41, 47-50, 53). These
studies employed various strategies to ensure
adherence and correct execution of exercises.
Remote supervision was the most commonly
used approach, with telephone check-ins
frequently implemented (48, 53). Some
studies (41, 50) utilised WhatsApp or other
digital platforms to share instructions, videos,
or photographs, supporting participants in
performing the exercises correctly in their home
environment. Written records or exercise diaries
were also used in several studies, allowing
participants to log and monitor their progress—
an important factor in maintaining adherence
to the protocol (47, 49, 55). Moreover, some
studies (41, 50) provided audio cassettes and
video instructions to further aid participants
in understanding how to perform the exercises

properly.

Effects of Home-Based Vestibular
Rehabilitation on the Investigated
Outcome Measures

Home-based vestibular rehabilitation has
been extensively studied for its effectiveness in
addressing dizziness, balance, gait performance,
fall risk, physical activity, anxiety, and quality of
life. Findings from various studies demonstrate
that this approach can produce significant
positive outcomes. However, the magnitude
and consistency of these effects may vary
depending on the specific exercise protocols
used, levels of adherence, and whether additional
components—such as cognitive or psychological
interventions—are included.

Several studies have shown that home-
based vestibular rehabilitation significantly
improves dizziness and balance. Mohamad
Hanapi et al. (42) reported an improvement in
Dizziness Handicap Inventory scores, although
specific data on physical activity or balance were
not available. Similarly, Haciabbasoglu et al. (41)
observed improvements in dizziness and balance
using the Dizziness Handicap Inventory and
Romberg test, indicating enhanced balance and
reduced dizziness. Most studies incorporating
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exercises such as the Brandt-Daroff exercises,
vestibular rehabilitation therapy, and various
forms of balance training reported notable
improvements in these outcomes. For instance,
Arai (38) found significant improvements in
dizziness, physical activity, and quality of life
among participants who engaged in combined
vestibular exercises. However, some studies
reported no immediate improvements in
dizziness or balance, highlighting the variability
in outcomes depending on the specific
rehabilitation approach used (52).

Physical activity levels and gait performance
are important outcomes in older adults
undergoing vestibular rehabilitation. In the study
by Arai (38), improvements in physical activity
were observed and were associated with better
physical outcomes, including increased activity
volume and grip strength. Similarly, Menant et
al. (53) reported significant improvements in
gait performance, including reduced step-time
variability and enhanced walking stability—both
key indicators of mobility and fall risk. However,
some studies found no direct improvements in
physical activity or gait performance, despite
showing benefits in dizziness and quality of
life (51). This suggests that although vestibular
rehabilitation may alleviate symptoms such
as dizziness, its direct impact on physical
activity and gait performance may be limited,
particularly when physical activity is not a
primary focus of the intervention.

Several studies identified a reduction in fall
risk as a key benefit of home-based vestibular
rehabilitation. Significant improvements in
gait performance and fall risk were observed
among  participants  receiving combined
interventions (47). Assessments such as the
Timed Up and Go and the Dynamic Gait Index
demonstrated that home-based vestibular
rehabilitation can significantly reduce fall risk
by enhancing balance and gait (47). Anxiety is
another important factor frequently addressed
in vestibular rehabilitation programmes. Studies
reported reductions in anxiety symptoms,
contributing to improvements in overall
quality of life (41, 49). For example, Teh et al.
(49) found significant improvements in both
dizziness and anxiety levels following combined
vestibular exercises, suggesting that addressing
both physical and psychological components
in rehabilitation may enhance outcomes for
individuals with vestibular disorders.

Improvements in quality of life were
consistently reported across several studies,
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indicating  that  vestibular  rehabilitation
addresses not only physical symptoms but
also  psychological well-being.  Significant
enhancements in quality of life were observed,
with vestibular exercises contributing to
better overall health, increased comfort, and
reduced dizziness symptoms (41, 43, 51). These
findings suggest that home-based vestibular
rehabilitation can effectively target both
the physical and emotional dimensions of
vestibular disorders, thereby enhancing overall
life satisfaction.

Adherence, Challenges, and Limitations

Adherence to home-based rehabilitation
programmes varies considerably, and dropout
rates may affect the generalisability of findings.
For example, Jaffar et al. (43) reported no
dropouts, indicating good adherence, whereas
Menant et al. (53) noted the withdrawal of
44 participants, highlighting the challenges of
maintaining long-term engagement. Notably,
some studies also reported a small number of
participants who were unable to complete the
intervention or follow-up, potentially owing
to the difficulty of the exercises or factors such
as illness or mobility limitations (40). Adverse
events associated with home-based vestibular
rehabilitation were generally minimal and
transient. For instance, some studies reported
mild dizziness and nausea—typical and expected
side effects during vestibular exercises—
which were well tolerated by participants
(41, 53). Overall, adverse events were rare and
did not significantly affect the success of the
rehabilitation programmes.

Discussion

The evidence from the 17 reviewed studies
provides a comprehensive understanding of the
protocols and outcomes associated with home-
based vestibular rehabilitation for patients with
BPPV. This approach has been recognised as an
accessible and promising option for managing
BPPV, particularly in reducing residual dizziness,
enhancing balance, and improving quality
of life (38, 56, 57). Interventions such as the
Epley manoeuvre and Brandt-Daroff exercises
have shown significant benefits in alleviating
dizziness and improving functional outcomes
(39, 40, 42, 43). However, the findings also
reveal variability in the effects of home-based
vestibular rehabilitation on physical activity and
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gait performance, as well as challenges related
to adherence and participant dropout. These
factors highlight the complexities involved in
delivering effective home-based care (51, 52).
Although vestibular rehabilitation complements
canalith repositioning manoeuvres by supporting
central compensation and reducing symptom
recurrence, the variation in outcomes highlights
the importance of developing well-structured
and individualised protocols. This is particularly
crucial for older adults with comorbidities such
as diabetes, hypertension, or cardiovascular
disease (28), where tailored approaches are
necessary to address diverse clinical needs and
optimise improvements in dizziness, balance,
gait performance, fall risk, physical activity, and
overall quality of life (41).

The studies were qualitatively evaluated
using the JBI tool for the critical appraisal of
randomised controlled trials—a structured
instrument designed to assess trial quality
through binary responses (36). However, the
JBI tool functions not merely as a checklist
but as a systematic framework, as outlined in
the JBI Manual for Evidence Synthesis. The
risk assessment revealed low to moderate
risks of bias among the included studies, with
notable shortcomings in blinding. The absence
of blinding for patients and therapists was
considered reasonable, given that participants
and providers were inherently aware of
whether they received single or multiple visits.
Nevertheless, blinding outcome assessors to
group allocation would have helped minimise
the risk of measurement bias. A key limitation
across the studies was the lack of data regarding
participant matching between treatment groups,
introducing potential confounding variables
that may have influenced the outcomes and
contributed to an increased overall risk of bias.

The findings from the risk of bias
assessment, conducted using RoB 2, are
summarised in Table 4. The domains with the
greatest proportion of high risk of bias were “bias
due to deviations from intended interventions”
and “bias in the measurement of outcomes,”
primarily owing to the inherent difficulties
in implementing blinding in interventions
that require active participant involvement.
In contrast, the domains with the greatest
proportion of low risk of bias were “bias arising
from the randomisation process” and “bias in the
selection of the reported results.” These findings
indicate that the methodological rigour related
to random allocation and transparent outcome

reporting was generally well maintained,
thereby strengthening the internal validity of the
included studies.

A common feature across the reviewed
studies is the emphasis on daily exercise
routines, with many recommending that
exercises be performed two to three times per
day (38, 43, 49). This frequency is particularly
common in protocols involving the Brandt-
Daroff exercises and the Epley manoeuvre,
both designed to alleviate BPPV symptoms.
The importance of repeated, consistent
practice in promoting vestibular adaptation
has been highlighted in several studies
(39, 51). These protocols are grounded in the
principle of neuroplasticity, whereby repeated
exercises enhance the ability of the central
nervous system to compensate for vestibular
dysfunction, ultimately improving balance
and reducing dizziness (58, 59). However,
the need for flexibility in exercise frequency
is also recognised. Studies such as those by
Mohamad Hanapi et al. (42) and Teh et al. (49)
support less frequent interventions, including
twice-weekly sessions. This highlights the
value of a personalised approach, taking into
account factors such as fatigue, comorbidities,
and mobility limitations, which may affect
the feasibility of daily exercise regimens—
particularly in frail older adults (1). As such,
tailoring intervention strategies to individual
needs remains key to maximising adherence and
therapeutic effectiveness.

Session duration plays a crucial role in
supporting patient adherence and engagement.
Most studies recommend sessions lasting
between 15 and 30 minutes, aligning with
practical considerations related to fatigue and
concentration (51). Longer sessions, such as
those used in yoga-based interventions, are
generally suited for individuals who benefit
from a combined approach that addresses
both physical and psychological needs (50).
The inclusion of relaxation techniques in some
protocols proves especially beneficial for older
adults experiencing anxiety and stress linked
to persistent dizziness and balance difficulties
(49, 60). Addressing both the physical and
emotional aspects of vestibular disorders
remains essential for delivering comprehensive
rehabilitation. As noted in previous work
(61, 62), integrating cognitive-behavioural
strategies can help reduce anxiety and promote
overall well-being (11, 63). Rehabilitation
programmes should therefore not only target
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Table 4. Risk of bias assessment of included studies using the Cochrane Risk of Bias Tool 2

Bias in the
selection of
the reported
result

Bias due to
deviations
from intended
interventions

Bias arising

from the Bias due Bias in the

to missing measurement
data of outcomes

randomisation
process

Arai (38) Low High Low High Some concerns
Cetin et al. (39) Low Some concerns Low Low Low
Chavan et al. (40) Low Some concerns Low Low Low
Haciabbasoglu Low Some concerns Low Low Low

etal. (41)

Mohamad Hanapi Low Low Low Low Low

et al. (42)

Jaffar et al. (43) Low Some concerns Low Low Low

Ravi et al. (44) Low High Low High Some concerns
Shaphe et al. (45) Low Low Low Low Low
Sheetal et al. (46) Low Some concerns Low Low Low
Smolka et al. (47) Low High Low High Some concerns
Tacalan et al. (48) Low Low Low Low Low

Teh et al. (49) Low Some concerns Low Low Low
Vaishali et al. (50) Low Some concerns Low Low Low
Gupta et al. (51) Low High Low High Some concerns
Choi et al. (52) Low High Low High Some concerns
Menant et al. (53) Low Low Low Low Low
Fatima et al. (54) Low Low Low Low Low

physical symptoms but also incorporate combined with vestibular manoeuvres, aim to
psychological support to enhance patient improve functional mobility and reduce fall

outcomes (64).

The types of exercises prescribed across
the studies primarily included vestibular
manoeuvres such as the Epley manoeuvre,
gaze stabilisation exercises, and balance
training activities, including the Cawthorne—
Cooksey exercises. These exercises are based
on vestibular rehabilitation principles aimed
at improving visual-vestibular integration
and postural control (1). The frequent use of
gaze stabilisation exercises highlights their
essential role in reducing dizziness and balance
deficits caused by abnormal vestibular input,
particularly during head movements (65, 66).
By enhancing the vestibulo-ocular reflex, these
exercises help maintain stable vision during
head motion while also recalibrating the
sensory systems responsible for balance and
spatial orientation, thereby improving postural
control and lowering the risk of dizziness and
falls (13, 67). Balance training exercises, often
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risk—an especially important goal in older
adults, who face a higher risk of fall-related
injuries (53, 59). Balance performance and
postural stability improve through enhanced
sensory integration, neuroplastic adaptations,
and adaptive modifications, whereby the brain
increases its ability to integrate vestibular,
visual, and proprioceptive inputs, reorganise
sensory pathways, and strengthen motor control
in response to vestibular deficits (53, 59). A
more comprehensive rehabilitation strategy
that incorporates strengthening exercises
alongside vestibular manoeuvres may offer
further improvements in balance and mobility,
contributing to a more holistic and effective
intervention (68).

A notable innovation across the reviewed
studies is the integration of remote supervision
methods, which have proven effective in
enhancing adherence and ensuring accurate
execution of exercises. Several studies highlight
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the potential of remote supervision through
video calls, telephone check-ins, and digital
platforms such as WhatsApp (16, 69). These
methods enable continuous monitoring and
feedback, which is essential for ensuring correct
performance of exercises in a home setting (49,
56). Furthermore, digital tools such as video
demonstrations, written instructions, and
exercise diaries have been shown to support
patient engagement by offering both visual and
written guidance—particularly beneficial for
individuals who may struggle to follow verbal
instructions alone (41, 47, 53). Incorporating
technology into rehabilitation programmes offers
a cost-effective and scalable means of delivering
high-quality care, especially for populations with
limited access to in-person sessions (1, 16, 23).
Beyond improving access, home-based vestibular
rehabilitation provides significant economic
advantages that enhance its feasibility and
long-term sustainability (70). By reducing the
frequency of in-person visits, these programmes
lower direct costs related to facility use, clinician
time, and transportation. They also reduce
indirect costs for patients, such as time off work,
caregiver burden, and out-of-pocket expenses,
particularly in rural or underserved areas. Taken
together, these factors position home-based
vestibular rehabilitation as a cost-effective model
that supports health system efficiency while
maintaining or even improving clinical outcomes.

The overall effectiveness of home-based
vestibular rehabilitation in managing dizziness,
restoring balance, enhancing gait performance,
reducing fall risk, and improving quality of
life has been widely documented. Numerous
studies have reported significant reductions
in dizziness, with improvements observed
in objective measures such as the Dizziness
Handicap Inventory and the Romberg test
(41, 45, 47, 68). Reduced dizziness contributes
to better balance and functional mobility, with
patients reporting less disorientation during
daily activities, thereby enhancing their capacity
to engage in physical activity (51). However, the
effects on physical activity and gait performance
have been more variable. Although some studies
have demonstrated improvements in activity
levels and gait stability—both important for
reducing fall risk (38, 53)—others, such as Gupta
et al. (51), have reported limited gains in these
areas. These findings suggest that although
vestibular rehabilitation is effective in managing
dizziness, its direct impact on mobility may be
limited without complementary interventions

(38, 47, 67). This variability highlights the need
for a comprehensive rehabilitation approach
that extends beyond symptom management to
include multi-modal interventions targeting
strength, endurance, and flexibility (1, 58, 71, 72).

Quality of life improvements were
consistently reported across most studies,
with  vestibular rehabilitation contributing
to better physical health, reduced dizziness-
related distress, and enhanced psychological
well-being. These improvements were shown
to be multifaceted, addressing both the
physical symptoms of vestibular disorders and
their emotional consequences. For instance,
several studies documented reductions in
anxiety and depression levels among patients
undergoing rehabilitation (41, 45, 53). This
holistic approach is critical for improving
overall life satisfaction, suggesting that home-
based vestibular rehabilitation not only
alleviates physical symptoms but also supports
emotional and  psychological  well-being
(48, 49, 63). As a scientifically grounded and
accessible intervention, home-based vestibular
rehabilitation optimises quality of life by
promoting neuroplastic adaptation, reducing
dizziness and imbalance, and enhancing
functional independence. Moreover, it offers
a scalable alternative to hospital-based care
through personalised, professionally guided
programmes (3, 64, 65).

Despite the documented benefits of home-
based vestibular rehabilitation, adherence
remains a significant challenge, as reflected
in dropout rates reported in several studies
(51—53). Contributing factors include the
complexity of exercises, transient adverse effects
such as dizziness or nausea, and individual
patient-related issues such as comorbidities and
limited social support (53, 67, 72). However, as
previously discussed, remote supervision and the
use of digital tools can help overcome some of
these barriers by providing greater flexibility and
personalised support (23, 49). Addressing these
challenges requires a multidimensional approach
that combines tailored patient education on
exercise techniques and benefits, motivational
strategies such as goal-setting and progress
tracking, and individualised care plans. Such
measures are essential to promote sustained
engagement and maximise the effectiveness of
the rehabilitation process (64).

Caregivers and family members play a vital
role in supporting adherence to home-based
vestibular rehabilitation, particularly among
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older adults and individuals with physical or
cognitive limitations. Their involvement helps
establish a consistent rehabilitation routine by
providing supervision, encouragement, and
assistance with exercises, which can reduce
anxiety and build confidence in performing
activities independently. Informed and engaged
caregivers also contribute by reinforcing
clinical goals and monitoring for symptoms
or adverse effects, thereby enhancing both
safety and treatment fidelity. Moreover, their
participation helps create a more structured
and supportive home environment that fosters
sustained patient engagement. Incorporating
caregiver involvement into intervention planning
strengthens the real-world feasibility and long-
term success of home-based rehabilitation
programmes.

Adverse events during home-based
vestibular rehabilitation were generally minor
and short-lived, with occasional reports of
side effects such as dizziness and nausea,
suggesting that these protocols are safe for most
participants. Such side effects are common
during vestibular exercises and typically
diminish as patients progress through the
rehabilitation programme (1, 65). Ongoing
monitoring and the provision of clear guidance
on managing these symptoms can further
enhance the safety and effectiveness of home-
based vestibular rehabilitation.

Conclusion

Home-based vestibular rehabilitation has
emerged as a viable and effective approach
for managing BPPV, particularly among
older adults. The evidence presented in this
review highlights the positive impact of home-
based exercise programmes on a range of
outcomes, including dizziness, balance, gait
performance, physical activity, fall risk, and
quality of life. These programmes—often
incorporating exercises such as the Brandt-
Daroff exercises, gaze stabilisation, and balance
training—have shown significant improvements
in dizziness and balance, thereby reducing
fall risk. The adaptability of home-based
vestibular rehabilitation, combined with remote
supervision through digital tools, supports
sustained patient engagement and adherence,
establishing it as a highly feasible and cost-
effective solution for individuals with BPPV,
especially those facing mobility challenges or
difficulties attending frequent clinic visits.
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Despite  these promising outcomes,
challenges related to  adherence and
variability in the effectiveness of different
protocols persist. Factors such as exercise
complexity, comorbidities, and individual
responses to treatment contribute to these
variations. Although some studies report
notable improvements in physical activity
and gait performance, others present more
heterogeneous results, suggesting that additional
or complementary interventions may be needed
to optimise mobility outcomes.

Furthermore, although digital technologies
have enhanced the delivery and monitoring of
home-based vestibular rehabilitation, further
research is needed to refine exercise routines
and evaluate the long-term sustainability of
these interventions. Overall, the findings of
this review support the continued development
and implementation of tailored home-based
vestibular  rehabilitation programmes that
address both the physical and psychological
dimensions of BPPV to maximise patient
outcomes. In light of the available evidence,
clinicians and policymakers are encouraged to
adopt comprehensive home-based vestibular
rehabilitation strategies to improve accessibility,
reduce disparities in care, and support consistent
management across diverse populations.

Acknowledgements

The authors wish to acknowledge the
administrative and technical support provided
by Universiti Teknologi MARA, which was
invaluable in the completion of this study.

Ethics of Study

This study does not require ethical approval
as it does not involve human participants or
animals.

Conflict of Interest
None.

Funds

None.


http://www.mjms.usm.my

Review Article | A home-based rehabilitation for BPPV patients

Authors’ Contributions

Conception and design: HiM

Analysis and interpretation of the data: HiM, NO

Drafting of the article: HIM

Critical revision of the article for important
intellectual content: HaM, AAA

Final approval of the article: HaM, AAA
Provision of study materials or patients: HiM
Administrative, technical, or logistic support:
HiM, NO

Collection and assembly of data: HiM

Correspondence

Associate Professor Dr. Haidzir Manaf

PhD (Research) (Universiti Teknologi MARA,
Shah Alam)

Centre for Physiotherapy Studies,

Faculty of Health Sciences,

Universiti Teknologi MARA Selangor, Puncak
Alam Campus,

42300 Puncak Alam,

Selangor, Malaysia

Tel: +603-3258 4306

Fax: +603-3258 4599

E-mail: haidzir5894@salam.uitm.edu.my

References

Bhattacharyya N, Gubbels SP, Schwartz SR,
Edlow JA, El-Kashlan H, Fife T, et al. Clinical
practice guideline: benign paroxysmal positional
vertigo (update). Otolaryngol Head Neck
Surg. 2017;156(S3):S1-S47. https://doi.
0rg/10.1177/0194599816689667

Herdman SJ, Clendaniel RA. Vestibular
rehabilitation. 4th ed. Philadelphia: F.A. Davis
Company; 2014.

Cohen HS, Sangi-Haghpeykar H. Canalith
repositioning variations for benign paroxysmal
positional vertigo. Otolaryngol Head Neck Surg.
2010;143(3):405—412. https://doi.org/10.1016/j.
otohns.2010.05.022

Baydan M, Yigit O, Aksoy S. Does vestibular
rehabilitation improve postural control of subjects
with chronic subjective dizziness? PLoS One.
2020;15(9):€0238436. https://doi.org/10.1371/
journal.pone.0238436

10.

11.

12,

13.

Itani M, Koaik Y, Sabri A. The value of close
monitoring in vestibular rehabilitation therapy. J
Laryngol Otol. 2017;131(3):227—231. https://doi.
org/10.1017/50022215116009750

Lindell E, Kollén L, Johansson M, Karlsson T,
Rydén L, Falk Erhag H, et al. Benign paroxysmal
positional vertigo, dizziness, and health-related
quality of life among older adults in a population-
based setting. Eur Arch Otorhinolaryngol.
2021;278(5):1637-1644. https://doi.
0rg/10.1007/S00405-020-06357-1

Nasruddin H, Justine M, Manaf H. Gait and
postural control characteristics among individuals
with benign paroxysmal positional vertigo:
a scoping review. Malays J Med Health Sci.
2022;18(Suppl 15):377—386. https://doi.
org/10.47836/mjmhs.18.s15.50

Chau AT, Menant JC, Hiibner PP, Lord SR,
Migliaccio AA. Prevalence of vestibular disorder
in older people who experience dizziness. Front
Neurol. 2015;6:268. https://doi.org/10.3389/
fneur.2015.00268

Hanley K, O’'Dowd T, Considine N. A systematic
review of vertigo in primary care. Br J Gen Pract.
2001;51(469):666—671.

Katsarkas A. Dizziness in aging: the clinical
experience. Geriatrics. 2008;63(11):18—20.

Garcia-Munoz C, Cortés-Vega MD, Heredia-Rizo
AM, Martin-Valero R, Garcia-Bernal MI, Casuso-
Holgado MJ. Effectiveness of vestibular training
for balance and dizziness rehabilitation in people
with multiple sclerosis: a systematic review and
meta-analysis. J Clin Med. 2020;9(2):590.
https://doi.org/10.3390/jcm9020590

Whitney SL, Alghwiri A, Alghadir A. Physical
therapy for persons with vestibular disorders.
Curr Opin Neurol. 2015;28(1):61—-68. https://
doi.org/10.1097/WCO.0000000000000162

Thakkar RD, Kanase DS. To design and
investigate the effectiveness of a gaze stabilization
application on patients with impaired visual
vestibulo-ocular reflex. J Ecophysiol Occup
Health. 2022;22(2):94-103. https://doi.
org/10.18311/jeoh/2022/29644

www.mjms.usm.my E


http://www.mjms.usm.my
https://doi.org/10.1017/S0022215116009750
https://doi.org/10.1017/S0022215116009750
https://doi.org/10.1007/s00405-020-06357-1
https://doi.org/10.1007/s00405-020-06357-1
https://doi.org/10.47836/mjmhs.18.s15.50
https://doi.org/10.47836/mjmhs.18.s15.50
https://doi.org/10.3389/fneur.2015.00268
https://doi.org/10.3389/fneur.2015.00268
https://doi.org/10.3390/jcm9020590
https://doi.org/10.1097/WCO.0000000000000162
https://doi.org/10.1097/WCO.0000000000000162
https://doi.org/10.18311/jeoh/2022/29644
https://doi.org/10.18311/jeoh/2022/29644
mailto:haidzir5894@salam.uitm.edu.my
https://doi.org/10.1177/0194599816689667
https://doi.org/10.1177/0194599816689667
https://doi.org/10.1016/j.otohns.2010.05.022
https://doi.org/10.1016/j.otohns.2010.05.022
https://doi.org/10.1371/journal.pone.0238436
https://doi.org/10.1371/journal.pone.0238436

Malays J Med Sci. 2025;32(4):50-73

14.

15.

16.

17.

18.

19.

20.

Whitney SL, Alghwiri AA, Alghadir A. Chapter
13 - An overview of vestibular rehabilitation.
In: Furman JM, Lempert T, editors. Handbook
of Clinical Neurology. Vol 137: Neuro-Otology.
Amsterdam: Elsevier; 2016. p. 187—205. https://
doi.org/10.1016/B978-0-444-63437-5.00013-3

Cada Z, Balatkova Z, Chovanec M, Cakrt O,
Hruba S, Jefabek J, et al. Vertigo perception and
quality of life in patients after surgical treatment
of vestibular schwannoma with pretreatment
prehabituation by chemical vestibular ablation.
Biomed Res Int. 2016;2016(1):6767216. https://
doi.org/10.1155/2016/6767216

Smaerup M, Laessoe U, Gronvall E, Henriksen
JJ, Damsgaard EM. The use of computer-assisted
home exercises to preserve physical function
after a vestibular rehabilitation program: a
randomized controlled study. Rehabil Res
Pract. 2016;2016(1):7026317. https://doi.
org/10.1155/2016 /7026317

Alsalaheen BA, Whitney SL, Mucha A, Morris
LO, Furman JM, Sparto PJ. Exercise prescription

patterns in patients treated with vestibular
rehabilitation after concussion. Physiother
Res Int. 2013;18(2):100—-108. https://doi.

org/10.1002/pri.1532

World Health Organization. Global spending
on health: coping with the pandemic.
[Internet]. Geneva: World Health Organization;
2023. [Retrieved 2025 Apr 30]. Available
at: https://iris.who.int/bitstream/hand

le/10665/375855/9789240086746-eng.
pdf?sequence=1

Ministry of Health Malaysia. Prevention and
control of noncommunicable diseases in Malaysia:
the case for investment. [Internet]. Putrajaya:
Ministry of Health Malaysia; 2024. [Retrieved
2025 Apr 30]. Available at: https://uniatf.who.
int/docs/librariesprovider22/default-document-
library/malaysia-ned.pdf?sfvrsn=2dasdagc_2

Htwe O, Yuliawiratman BS, Tannor AY, Nor
Asikin MZ, Soh E, De Groote W, et al. Barriers
and facilitators for increased accessibility to
quality rehabilitation services in low- and middle-
income countries: a systematic review. Eur J Phys
Rehabil Med. 2024;60(3):514—522. https://doi.
org/10.23736/S1973-9087.24.08154-1

www.mjms.usm.my

21.

22,

23.

24.

25.

26.

27.

28.

Naidoo U, Ennion L. Barriers and facilitators
to utilisation of rehabilitation services amongst
persons with lower-limb amputations in a
rural community in South Africa. Prosthet
Orthot Int. 2019;43(1):95-103. https://doi.
0rg/10.1177/0309364618789457

Bhatti P, Herdman S, Roy S, Hall C, Tusa R. A
prototype head-motion monitoring system for in-
home vestibular rehabilitation therapy. J Bioeng
Biomed Sci. 2011;Suppl 1:009. https://doi.
org/10.4172/2155-9538.51-009

Viziano A, Micarelli A, Augimeri I, Micarelli D,
Alessandrini M. Long-term effects of vestibular
rehabilitation and head-mounted gaming task
procedure in unilateral vestibular hypofunction:
a 12-month follow-up of a randomized controlled
trial. Clin Rehabil. 2019;33(1):24—-33. https://
doi.org/10.1177/0269215518788598

Balci BD, Akdal G, Yaka E, Angin S. Vestibular
rehabilitation in acute central vestibulopathy:
a randomized controlled trial. J Vestib
Res. 2013;23(4—5):259—267. https://doi.
org/10.3233/VES-130491

Kundakei B, Sultana A, Taylor AJ, Alshehri MA.
The effectiveness of exercise-based vestibular
rehabilitation in adult patients with chronic
dizziness: a systematic review. Fi1000Res.
2018;7:166. https://doi.org/10.12688/
fioooresearch.14089.1

Kamo T, Ogihara H, Azami M, Momosaki
R, Fushiki H. Effects of early vestibular
rehabilitation in patients with acute vestibular
disorder: a systematic review and meta-analysis.
Otol Neurotol. 2023;44(9):e641—-e647. https://
doi.org/10.1097/MAO.0000000000004006

Hazzaa NM, Manzour AF, Yahia E, Mohamed
Galal E. Effectiveness of virtual reality-
based programs as vestibular rehabilitative
therapy in peripheral vestibular dysfunction:
a meta-analysis. Eur Arch Otorhinolaryngol.
2023;280(7):3075—3086. https://doi.
0rg/10.1007/s00405-023-07911-3

Stankiewicz T, Gujski M, Niedzielski A, Chmielik
LP. Virtual reality vestibular rehabilitation in 20
patients with vertigo due to peripheral vestibular
dysfunction. Med Sci Monit. 2020;26:€930182.
https://doi.org/10.12659/MSM.930182


http://www.mjms.usm.my
https://doi.org/10.1177/0309364618789457
https://doi.org/10.1177/0309364618789457
https://doi.org/10.4172/2155-9538.s1-009
https://doi.org/10.4172/2155-9538.s1-009
https://doi.org/10.1177/0269215518788598
https://doi.org/10.1177/0269215518788598
https://doi.org/10.3233/VES-130491
https://doi.org/10.3233/VES-130491
https://doi.org/10.12688/f1000research.14089.1
https://doi.org/10.12688/f1000research.14089.1
https://doi.org/10.1097/MAO.0000000000004006
https://doi.org/10.1097/MAO.0000000000004006
https://doi.org/10.1007/s00405-023-07911-3
https://doi.org/10.1007/s00405-023-07911-3
https://doi.org/10.12659/MSM.930182
https://doi.org/10.1016/B978-0-444-63437-5.00013-3
https://doi.org/10.1016/B978-0-444-63437-5.00013-3
https://doi.org/10.1155/2016/6767216
https://doi.org/10.1155/2016/6767216
https://doi.org/10.1155/2016/7026317
https://doi.org/10.1155/2016/7026317
https://doi.org/10.1002/pri.1532
https://doi.org/10.1002/pri.1532
https://iris.who.int/bitstream/handle/10665/375855/9789240086746-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/375855/9789240086746-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/375855/9789240086746-eng.pdf?sequence=1
https://uniatf.who.int/docs/librariesprovider22/default-document-library/malaysia-ncd.pdf?sfvrsn=2da5da9c_2
https://uniatf.who.int/docs/librariesprovider22/default-document-library/malaysia-ncd.pdf?sfvrsn=2da5da9c_2
https://uniatf.who.int/docs/librariesprovider22/default-document-library/malaysia-ncd.pdf?sfvrsn=2da5da9c_2
https://doi.org/10.23736/S1973-9087.24.08154-1
https://doi.org/10.23736/S1973-9087.24.08154-1

29,

30.

31.

32.

33.

34.

35.

36.

37-

Review Article | A home-based rehabilitation for BPPV patients

Esguerra BJ, Johnson K. Improving balance
through virtual reality and physical therapy
integration. Int J Clin Med. 2017;8(5):322—-337.
https://doi.org/10.4236/ijcm.2017.85030

Kim MK, Yun SY, Lee S, Lee JO, Sung SY, Lee JY,
et al. Efficacy of vestibular rehabilitation and its
facilitating and hindering factors from real-world
clinical data. Front Neurol. 2024;15:1329418.
https://doi.org/10.3389/fneur.2024.1329418

Geraghty AWA, Essery R, Kirby S, Stuart B,
Turner D, Little P, et al. Internet-based vestibular
rehabilitation for older adults with chronic
dizziness: a randomized controlled trial in
primary care. Ann Fam Med. 2017;15(3):209—
216. https://doi.org/10.1370/afm.2070

Soto-Varela A, Faraldo-Garcia A, Del-Rio-Valeiras
M, Rossi-Izquierdo M, Vaamonde-Sanchez-
Andrade I, Gayoso-Diz P, et al. Adherence of older
people with instability in vestibular rehabilitation
programmes: prediction criteria. J Laryngol Otol.
2017;131(3):232—238. https://doi.org/10.1017/
S0022215116009932

Arksey H, O’Malley L. Scoping studies: towards
a methodological framework. Int J Soc Res
Methodol. 2005;8(1):19—32. https://doi.
org/10.1080/1364557032000119616

Tricco AC, Lillie E, Zarin W, O’Brien KK,
Colquhoun H, Levac D, et al. PRISMA extension
for scoping reviews (PRISMA-ScR): checklist and
explanation. Ann Intern Med. 2018;169(7):467—
473. https://doi.org/10.7326/M18-0850

Khalil H, Peters M, Godfrey CM, McInerney P,
Soares CB, Parker D. An evidence-based approach
to scoping reviews. Worldviews Evid Based Nurs.
2016;13(2):118-123. https://doi.org/10.1111/
WVI.12144

Barker TH, Stone JC, Sears K, Klugar M, Tufanaru
C, Leonardi-Bee J, et al. The revised JBI critical
appraisal tool for the assessment of risk of bias
for randomized controlled trials. JBI Evid Synth.
2023;21(3):494—506. https://doi.org/10.11124/
JBIES-22-00430

Higgins JPT, Altman DG, Ggtzsche PC, Jiini
P, Moher D, Oxman AD, et al. The Cochrane
Collaboration’s tool for assessing risk of bias
in randomised trials. BMJ. 2011;343:d5928.
https://doi.org/10.1136/bmj.d5928

38.

39-

40.

41.

42.

43.

44.

Arai M. Evaluating the usefulness of
Ninjin’yoeito Kampo medicine in combination
with rehabilitation therapy in patients with
frailty complicated by intractable dizziness.
Neuropeptides. 2021;90:102189. https://doi.
org/10.1016/j.npep.2021.102189

Cetin YS, Ozmen OA, Demir UL, Kasapoglu
F, Basut O, Coskun H. Comparison of the
effectiveness of Brandt-Daroff vestibular training
and Epley canalith repositioning maneuver in
benign paroxysmal positional vertigo long-term
result: a randomized prospective clinical trial.
Pak J Med Sci. 2018;34(3):558—563. https://doi.

org/10.12669/pjms.343.14786

Chavan SS, Shinde N, Khond AD, Kale V, Thakur
S, Chavan a SS, et al. A comparative study to
assess the effectiveness of Epley’s maneuver vs
Brandt-Daroff’s home exercises for management
of benign paroxysmal positional vertigo. Glob
J Med Res Dent Otolaryngol. 2022;2(J1):1-7.
https://doi.org/10.34257/gjmrjvol22is1pg1

Haciabbasoglu R, Araci A, Giinizi H. Are
telerehabilitation exercise practices effective
in patients diagnosed with benign paroxysmal
positional vertigo? Indian J Otolaryngol Head
Neck Surg. 2023;75:557-567. https://doi.
0rg/10.1007/s12070-023-03631-6

Mohamad Hanapi NH, Mazlan M, Abdul Rahman
AR, Chung TY, Abu Bakar MZ. Comparison of
home-based modified self-Epley manoeuvre and
Brandt-Daroff exercise on the posterior canal
benign paroxysmal positional vertigo symptoms:
a randomized single-blind controlled trial. Ann
Phys Rehabil Med. 2018;61(Suppl 1):e391.
https://doi.org/10.1016/j.rehab.2018.05.911

Jaffar M, Ghous M, Ayaz M, Khan AA, Akbar
A, Haleem F. Effects of Half-Somersault and
Brandt-Daroff exercise on dizziness, fear of fall
and quality of life in patients with posterior
canal benign paroxysmal positional vertigo:
a randomised control trial. J Pak Med Assoc.
2023;73(1):139-142.

Ravi K, Sivaranjani M, Komathi R, Sharanya M.
Comparing therapeutic maneuvers in posterior
canal benign paroxysmal positional vertigo.
Indian J Otol. 2023;29(1):61-65. https://doi.
org/10.4103/indianjotol.indianjotol_180_22

www.mjms.usm.my


http://www.mjms.usm.my
https://doi.org/10.1016/j.npep.2021.102189
https://doi.org/10.1016/j.npep.2021.102189
https://doi.org/10.12669/pjms.343.14786
https://doi.org/10.12669/pjms.343.14786
https://doi.org/10.34257/gjmrjvol22is1pg1
https://doi.org/10.1007/s12070-023-03631-6
https://doi.org/10.1007/s12070-023-03631-6
https://doi.org/10.1016/j.rehab.2018.05.911
https://doi.org/10.4103/indianjotol.indianjotol_180_22
https://doi.org/10.4103/indianjotol.indianjotol_180_22
https://doi.org/10.4236/ijcm.2017.85030
https://doi.org/10.3389/fneur.2024.1329418
https://doi.org/10.1370/afm.2070
https://doi.org/10.1017/S0022215116009932
https://doi.org/10.1017/S0022215116009932
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.7326/M18-0850
https://doi.org/10.1111/wvn.12144
https://doi.org/10.1111/wvn.12144
https://doi.org/10.11124/JBIES-22-00430
https://doi.org/10.11124/JBIES-22-00430
https://doi.org/10.1136/bmj.d5928

Malays J Med Sci. 2025;32(4):50-73

45.

46.

47.

48.

49.

50.

51.

Shaphe MA, Alshehri MM, Alajam RA, Beg RA,
Hamdi NIA, Nanjan S, et al. Effectiveness of
Epley-canalith repositioning procedure versus
vestibular rehabilitation therapy in diabetic
patients with posterior benign paroxysmal
positional vertigo: a randomized trial. Life.
2023;13(5):1169. https://doi.org/10.3390/
life13051169

Sheetal, Punia S, Singh V, Joshi S, Boora M.
Effect of Semont maneuver and Brandt-Daroff
exercises on benign paroxysmal positional vertigo.
Rom J Neurol. 2023;22(1):23—27. https://doi.
org/10.37897/RJIN.2023.1.3

Smoétka W, Smoétka K, Markowski J, Pilch J,
Piotrowska-Seweryn A, Zwierzchowska A. The
efficacy of vestibular rehabilitation in patients
with chronic unilateral vestibular dysfunction. Int
J Occup Med Environ Health. 2020;33(3):273—
282, https://doi.org/10.13075/ijomeh.1896.01330

Tacalan E, inal HS, Sentiirk MN, Mengi E,
Alemdaroglu-Giirbiiz 1. Effectiveness of the
Epley maneuver versus Cawthorne-Cooksey
vestibular exercises in the treatment of posterior
semicircular canal benign paroxysmal positional
vertigo (BPPV): a randomized controlled trial. J
Bodyw Mov Ther. 2021;28:397—405. https://doi.
0rg/10.1016/j.jbmt.2021.07.030

Teh CSL, Abdullah NA, Kamaruddin NR, Judi
KBM, Fadzilah I, Prepageran N. MEND therapy:
a home-based option for persistent postural-
perceptual dizziness. B-ENT. 2024;20(1):34—44.
https://doi.org/10.5152/B-ENT.2024.231331

Vaishali K, Kishore CP, Sampath CPR, PSJ.
Effectiveness  of  vestibular  rehabilitation
therapy and yoga in the management of chronic
peripheral vertigo: a randomized controlled
trial. F1000Res. 2024;13:578. https://doi.
org/10.12688/f1000research.147142.1

Gupta AK, Sharma KG, Sharma P. Effect of Epley,
Semont maneuvers and Brandt-Daroff exercise
on quality of life in patients with posterior
semicircular canal benign paroxysmal positional
vertigo (PSCBPPV). Indian J Otolaryngol Head
Neck Surg. 2019;71(1):99—103. https://doi.
org/10.1007/s12070-018-1322-7

www.mjms.usm.my

52.

53

54.

55-

56.

57

58.

Choi SY, Cho JW, Choi JH, Oh EH, Choi KD.
Effect of the Epley maneuver and Brandt-
Daroff exercise on benign paroxysmal positional
vertigo involving the posterior semicircular
canal cupulolithiasis: a randomized clinical trial.
Front Neurol. 2020;11:603541. https://doi.
org/10.3389/fneur.2020.603541

Menant JC, Migliaccio AA, Sturnieks DL, Hicks
C, Lo J, Ratanapongleka M, et al. Reducing
the burden of dizziness in middle-aged and
older people: a multifactorial, tailored, single-
blind randomized controlled trial. PLoS Med.
2018;15(7):€1002620. https://doi.org/10.1371/
journal.pmed.1002620

Fatima SN, Tanveer F, Shoukat F, Ahmad A,
Siddique K. Effects of balance training with and
without gaze stabilization exercises on clinical
outcomes in elderly patients with chronic
dizziness: a randomized controlled trial. J
Bodyw Mov Ther. 2022;32:46—50. https://doi.
org/10.1016/j.jbmt.2022.05.007

Campbell KR, Wilhelm JL, Antonellis P, Scanlan
KT, Pettigrew NC, Martini DN, et al. Assessing the
effects of mild traumatic brain injury on vestibular
home exercise performance with wearable
sensors. Sensors. 2023;23(24):9860. https://doi.
org/10.3390/s23249860

Dudziec MM, Lee LE, Massey C, Tropman D,
Skorupinska M, Laurd M, et al. Home-based
multi-sensory and proximal strengthening
program to improve balance in Charcot-Marie-
Tooth disease Type 1A: a proof of concept study.
Muscle Nerve. 2024;69(3):354—361. https://doi.
org/10.1002/mus.28032

Rodrigues DL, Ledesma ALL, Pires de Oliveira
CA, Bahmad F. Effect of vestibular exercises
associated with repositioning maneuvers in
patients with benign paroxysmal positional
vertigo: a randomized controlled clinical trial.
Otol Neurotol. 2019;40(8):e824—e829. https://
doi.org/10.1097/MAO.0000000000002324

Rogge AK, Hotting K, Nagel V, Zech A, Holig
C, Roder B. Improved balance performance
accompanied by structural plasticity in blind
adults  after training. = Neuropsychologia.
2019;129:318-330. https://doi.org/10.1016/j.
neuropsychologia.2019.04.005


http://www.mjms.usm.my
https://doi.org/10.3389/fneur.2020.603541
https://doi.org/10.3389/fneur.2020.603541
https://doi.org/10.1371/journal.pmed.1002620
https://doi.org/10.1371/journal.pmed.1002620
https://doi.org/10.1016/j.jbmt.2022.05.007
https://doi.org/10.1016/j.jbmt.2022.05.007
https://doi.org/10.3390/s23249860
https://doi.org/10.3390/s23249860
https://doi.org/10.1002/mus.28032
https://doi.org/10.1002/mus.28032
https://doi.org/10.1097/MAO.0000000000002324
https://doi.org/10.1097/MAO.0000000000002324
https://doi.org/10.1016/j.neuropsychologia.2019.04.005
https://doi.org/10.1016/j.neuropsychologia.2019.04.005
https://doi.org/10.3390/life13051169
https://doi.org/10.3390/life13051169
https://doi.org/10.37897/RJN.2023.1.3
https://doi.org/10.37897/RJN.2023.1.3
https://doi.org/10.13075/ijomeh.1896.01330
https://doi.org/10.1016/j.jbmt.2021.07.030
https://doi.org/10.1016/j.jbmt.2021.07.030
https://doi.org/10.5152/B-ENT.2024.231331
https://doi.org/10.12688/f1000research.147142.1
https://doi.org/10.12688/f1000research.147142.1
https://doi.org/10.1007/s12070-018-1322-7
https://doi.org/10.1007/s12070-018-1322-7

59.

60.

61.

62.

63.

64.

65.

66.

Review Article | A home-based rehabilitation for BPPV patients

Gazzola JM, Aratani MC, Dona F, Macedo C,
Fukujima MM, Gananca MM, et al. Factors
relating to depressive symptoms among elderly
people with chronic vestibular dysfunction. Arg
Neuropsiquiatr. 2009;67(2B):416—422. https://
doi.org/10.1590/S0004-282X2009000300009

Madrigal J, Manzari L, Figueroa JJ, Castillo-
Bustamante M. Understanding benign
paroxysmal positional vertigo (BPPV) and its
impact on quality of life: a systematic review.
Cureus. 2024;16(6):63039. https://doi.
org/10.7759/cureus.63039

Marioni G, Fermo S, Lionello M, Fasanaro
E, Giacomelli L, Zanon S, et al. Vestibular
rehabilitation in elderly patients with central
vestibular dysfunction: a prospective, randomized
pilot study. Age. 2013;35(6):2315—2327. https://
doi.org/10.1007/s11357-012-9494-7

Gassmann KG, Rupprecht R. Dizziness in
an older community dwelling population: a
multifactorial syndrome. J Nutr Health Aging.
2009;13(3):278—282. https://doi.org/10.1007/
$12603-009-0073-2

Zimmer C, McDonough MH, Hewson J,
Toohey AM, Din C, Crocker PRE, et al. Social
support among older adults in group physical
activity programs. J Appl Sport Psychol.
2023;35(4):658—679. https://doi.org/10.1080/1
0413200.2022.2055223

Cohen HS, Kimball KT. Increased independence
and decreased vertigo after vestibular
rehabilitation. Otolaryngol Head Neck Surg.
2003;128(1):60-70. https://doi.org/10.1067/
mhn.2003.23

Meldrum D, Jahn K. Gaze stabilisation
exercises in vestibular rehabilitation: review
of the evidence and recent clinical advances. J
Neurol. 2019;266(Suppl 1):11—18. https://doi.
0rg/10.1007/500415-019-09459-X

Whitney SL, Rossi MM. Efficacy of vestibular
rehabilitation. Otolaryngol Clin North Am.
2000;33(3):659—-672. https://doi.org/10.1016/
S0030-6665(05)70232-2

67.

68.

69.

70.

71.

72.

Tanaka R, Fushiki H, Tsunoda R, Kamo T,
Kato T, Ogihara H, et al. Effect of vestibular
rehabilitation program using a booklet in patients
with chronic peripheral vestibular hypofunction:
a randomized controlled trial. Prog Rehabil Med.
2023;8:20230002. https://doi.org/10.2490/
prm.20230002

Bromwich M, Hughes B, Raymond M, Sukerman
S, Parnes L. Efficacy of a new home treatment
device for benign paroxysmal positional
vertigo. Arch Otolaryngol Head Neck Surg.
2010;136(7):682. https://doi.org/10.1001/
archoto.2010.105

Candio P, Violato M, Luengo-Fernandez R,
Leal J. Cost-effectiveness of home-based stroke
rehabilitation across Europe: a modelling study.
Health Policy. 2022;126(3):183-189. https://
doi.org/10.1016/j.healthpol.2022.01.007

Hall CD, Herdman SJ, Whitney SL, Anson ER,
Carender WJ, Hoppes CW, et al. Vestibular
rehabilitation for peripheral vestibular
hypofunction: an updated clinical practice
guideline from the Academy of Neurologic
Physical Therapy of the American Physical
Therapy Association. J Neurol Phys Ther.
2022;46(2):118-177.  https://doi.org/10.1097/
NPT.0000000000000382

Khan MH, Farooq Z, Muhammad UF, Khan
MA. Vestibular rehabilitation exercises should
be an effective first-line treatment instead of
medications in Pakistan for benign paroxysmal
positional vertigo. J Ayub Med Coll Abbottabad.

2023;35(3):515—516. https://doi.org/10.55519/
JAMC-03-12140

Sreenivas V, Sima NH, Philip S. The role
of comorbidities in benign paroxysmal
positional vertigo. [Ear Nose Throat J.
2021;100(5):NP225-NP230. https://doi.
0rg/10.1177/0145561319878546

www.mjms.usm.my


http://www.mjms.usm.my
https://doi.org/10.2490/prm.20230002
https://doi.org/10.2490/prm.20230002
https://doi.org/10.1001/archoto.2010.105
https://doi.org/10.1001/archoto.2010.105
https://doi.org/10.1016/j.healthpol.2022.01.007
https://doi.org/10.1016/j.healthpol.2022.01.007
https://doi.org/10.1097/NPT.0000000000000382
https://doi.org/10.1097/NPT.0000000000000382
https://doi.org/10.55519/JAMC-03-12140
https://doi.org/10.55519/JAMC-03-12140
https://doi.org/10.1177/0145561319878546
https://doi.org/10.1177/0145561319878546
https://doi.org/10.1590/S0004-282X2009000300009
https://doi.org/10.1590/S0004-282X2009000300009
https://doi.org/10.7759/cureus.63039
https://doi.org/10.7759/cureus.63039
https://doi.org/10.1007/s11357-012-9494-7
https://doi.org/10.1007/s11357-012-9494-7
https://doi.org/10.1007/s12603-009-0073-2
https://doi.org/10.1007/s12603-009-0073-2
https://doi.org/10.1080/10413200.2022.2055223
https://doi.org/10.1080/10413200.2022.2055223
https://doi.org/10.1067/mhn.2003.23
https://doi.org/10.1067/mhn.2003.23
https://doi.org/10.1007/s00415-019-09459-x
https://doi.org/10.1007/s00415-019-09459-x
https://doi.org/10.1016/s0030-6665(05)70232-2
https://doi.org/10.1016/s0030-6665(05)70232-2

