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Abstract

Background There is limited evidence to support the use of vestibular rehabilitation therapy (VRT) on improving bal-
ance and gait in patients after stroke. This systematic review aimed to evaluate the effects of VRT in addition to usual
rehabilitation compared with usual rehabilitation on improving balance and gait for patients after stroke.

Methods This review followed the Preferred Reporting Items for Systematic reviews and Meta-Analysis statement
guidelines. Ten electronic databases were searched up to 1 June 2023 without restrictions in language and publica-
tion status. The PEDro scale and the Grading of Recommendations Assessment Development, and Evaluation were
used to evaluate the risk of bias and the certainty of evidence. The meta-analysis was conducted with Review Man-
ager 5.3.

Results Fifteen randomised controlled trials with 769 participants were included. PEDro scale was used to assess

the risk of bias with a mean score of 5.9 (0.7). VRT was effective in improving balance for patients after stroke
(SMD=0.59, 95% CI (0.40, 0.78), p < 0.00001), particularly for patients after stroke that occurred within 6 months
(SMD=0.56, 95% (I (0.33, 0.79), p <0.00001) with moderate certainty of evidence. Subgroup analysis showed that VRT
provided as gaze stability exercises combined with swivel chair training (SMD =0.85, 95% CI (0.48, 1.22), p <0.00001)
and head movements (SMD=0.75, 95% Cl (0.43, 1.07), p < 0.00001) could significantly improve balance. Four-week
VRT had better effect on balance improvement (SMD=0.64, 95% Cl (0.40, 0.89), p < 0.00001) than the less than 4-week
VRT. The pooled mean difference of values of Timed Up-and-Go test showed that VRT could significantly improve gait
function for patients after stroke (MD= —4.32, 95% Cl (—=6.65, —1.99), p=0.0003), particularly for patients after stroke
that occurred within 6 months (MD = —3.92, 95% Cl (—6.83, —1.00), p=0.008) with moderate certainty of evidence.

Conclusions There is moderate certainty of evidence supporting the positive effect of VRT in improving balance
and gait of patients after stroke.
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Background

Patients with stroke are at high risk of falling due to
impairments in motor and higher cerebral functions [1].
The vestibular dysfunction, sensory impairment or per-
ceptual dysfunction after stroke may lead to an increased
risk of falling [2, 3]. Therefore, neurorehabilitation aimed
at improving postural stability and balance has received
considerable attention in clinical practice.

Vestibular rehabilitation therapy (VRT) is an exer-
cise-based therapy that aims to promote gaze stability,
improve postural stability and facilitate sensory integra-
tion for patients [4, 5]. VRT has been found to be effective
in improving balance in patients with peripheral ves-
tibular dysfunction [6, 7] and individuals with vestibular
hypofunction [8—10]. VRT also appears to be an effective
intervention in enhancing balance and postural recovery
in individuals after damage of the central nervous system
[11], including Parkinson’s disease [12], multiple sclero-
sis [13, 14], concussion [15] and cerebral palsy [16]. The
effects of vestibular rehabilitation on gait performance in
patients after stroke had been evaluated in a systematic
review without meta-analysis [17]. However, only three
studies were included in qualitative synthesis, and the
overall certainty of evidence assessed by the Grading of
Recommendations Assessment, Development and Evalu-
ation (GRADE) criteria was very low. Definitive conclu-
sions on the effectiveness of VRT on gait performance in
patients after stroke could not be made. Therefore, the
present systematic review aimed to evaluate the effects
of VRT in addition to usual rehabilitation (UR) compared
with UR on improving balance and gait for patients after
stroke by searching for evidence from new randomised
controlled trials (RCTs) with data synthesis.

Methods

The systematic review was conducted according to
the Preferred Reporting Items for Systematic reviews
and Meta-Analysis statement (Additional file 1)
[18]. This review was registered in PROSPERO (ID:
CRD42023434304).

Search strategy

Electronic databases, including PubMed, EMBASE, Web
of Science, Cochrane Central Register of Controlled Tri-
als, Physiotherapy Evidence Database (PEDro), Cumula-
tive Index to Nursing and Allied Health Literature, China
Biology Medicine database, China National Knowledge
Internet, VIP database and Wanfang database were
searched to identify published RCTs of VRT for patients
after stroke. The date of the search was from the earli-
est available to 1 June 2023, without restrictions in lan-
guage and publication status. The references of identified
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articles were searched to ensure comprehensiveness. The
search terms combined Medical Subject Headings and
the keywords (vestibular, stroke, balance, posture, walk-
ing and gait). Chinese synonyms were searched in Chi-
nese databases. The search strategy used in PubMed is
presented in Additional file 2.

Eligibility criteria

Participants

RCTs were included if the participants (1) were diag-
nosed with stroke and (2) verified impaired balance and
gait due to stroke. Studies were excluded if the partici-
pants (1) presented neurological or orthopaedic problems
unrelated to stroke that would affect postural stability, (2)
balance or gait impairments prior to the stroke and (3)
visual field defects.

Intervention

Studies evaluating VRT in addition to UR compared
with UR were eligible for inclusion. VRT includes at least
one of the following vestibular training strategies: gaze
stability exercises (GSE), eye-head movements, head
movements, vestibular stimulation, specific exercises or
techniques enhancing the vestibular function. UR refers
to stroke rehabilitation programmes customised accord-
ing to the identified problems of patients after stroke but
did not include VRT.

Outcome measures
The following outcomes that assessed balance or gait
were identified to examine the efficacy of VRT:

(1) Balance measured by the Berg balance scale (BBS),
Fugl-Meyer balance scale (FM-B), activities-spe-
cific balance confidence Scale (ABC), Brunel bal-
ance assessment (BBA) and postural assessment
scale for stroke patients. Quantitative outcome
measured by specific balance equipment were
included as well. Fall events were used as a proxy
indicator of balance.

(2) Gait measured by the timed up-and-go test (TUG),
10-m walking test, dynamic gait index, functional
gait assessment and gait parameters.

Study selection and data extraction

The articles were independently searched and selected
according to the eligibility criteria by two reviewers (QL
and YG). Duplicate articles were removed. Titles and
abstracts of searched studies were screened, and then
studies with full texts were obtained to determine final
inclusion. Another two reviewers (LM and JY1) extracted
the data independently by using predesigned sheets
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created by Microsoft Excel. Data regarding the study
demographics were extracted, including first author,
publication year, information of participants (numbers,
age and sex), and stroke characteristics (type, location
of lesion, severity and duration of onset). Data on the
intervention details and outcome measures were also
extracted. Any disagreements about the study selection
and data extraction were discussed until a consensus
was reached or settled with the involvement of a third
reviewer (JY2).

Risk of bias and certainty of evidence evaluation

The PEDro Scale of the Physiotherapy Evidence Database
[19] was used to assess the risk of bias of included stud-
ies. If there were no available scores of included studies
in the PEDro database, two experienced reviewers (LM
and QL) independently rated the study. The PEDro scale
is a valid measure of the methodologic quality of clini-
cal trials [20]. There are 11 items in the scale, with a total
score ranging from O to a maximum of 10. Studies were
considered high quality with a PEDro score of 6 or above
and of moderate quality when the score was 4 or 5 [21].
The GRADE approach was used to evaluate the certainty
of evidence by two experienced reviewers (LM and QL)
independently. The GRADE system is currently the most
widely used tool for grading the certainty of evidence in
systematic reviews and clinical practice guidelines. The
GRADE system specifies four categories for the certainty
of a body of evidence as ‘very low, ‘low, ‘moderate’ or
‘high’ based on certain criteria [22]. Factors downgrad-
ing the certainty of evidence (risk of bias, inconsistency,
indirectness, imprecision and publication bias) or those
upgrading the certainty (large effect, plausible confound-
ing and dose-response) were evaluated [23]. When there
was any disagreement on the ratings between the two
reviewers, a third reviewer (RCCT) was consulted.

Data synthesis and analysis

The statistical analysis was performed using Review
Manager (RevMan), version 5.3. Data synthesis was con-
ducted when at least two comparable trials were avail-
able. The means and standard deviations (SDs) of the
change between baseline and post-intervention were
used to estimate the pooled effect. We estimated the
means and SDs of change using the method described
in the Cochrane Handbook Version 6.3 [24] in case only
baseline and post-intervention values were available.
The unreported means and SDs were calculated from
the median, sample size and range and/or IQR using the
methods introduced by Wan et al. [25]. We contacted
authors via email to obtain the unreported data. The
mean differences (MDs) or standardised mean differ-
ences (SMDs) with 95% confidence intervals (CIs) were
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calculated for continuous variables. The risk ratio was
calculated for dichotomous variable. P values less than
0.05 were considered statistically significant, and 95% Cls
were reported.

Statistical heterogeneity among studies was evaluated
by the y* test (p=0.10) and quantified by the I? statistic
test. An I is considered as “might not be important” for
value of<40%; as ‘may represent moderate heterogene-
ity’ for value of 30% to 60%; as ‘may represent substantial
heterogeneity’ for value of 50 to 90%; and as ‘consider-
able heterogeneity’ for value of 75 to 100% [26]. Meta-
analysis was performed using a random effects model, as
there could be between-study variability due to variations
in the stroke characteristics or applications of the VRT
interventions. If heterogeneity was considered as moder-
ate to substantial, subgroup analysis was applied.

Clinical heterogeneity among studies was assessed
based on stroke characteristics, intervention character-
istics and outcome measures. The effects of VRT on bal-
ance and gait domains were analysed respectively. In the
data synthesis of balance and gait, studies were stratified
into the duration of onset of stroke ‘within 6 months’
and ‘beyond 6 months, according to the data available
in those included studies and improvement potential of
stroke. Given the diverse VRT protocols among studies,
clinical heterogeneity was likely and subgroup analy-
ses were performed for different types and intervention
duration of VRT. When there were multiple outcome
measures used for measuring the outcome domain in a
study, the performance-based outcome measures were
preferred and selected for analysis. For example, the
BBA was chosen rather than the ABC in the study of
Wang YQ [27].

Results

Flow of studies through the review

A total of 1256 citations, of which 1239 citations from
10 databases and 17 citations form other sources, were
identified to be potentially relevant for this review.
After screening the titles and abstracts with removal of
the duplicates, 39 full-text studies were retrieved and
assessed. A total of 15 RCTs [27-41] with 769 patients
met the inclusion criteria and were included in the meta-
analysis (Fig. 1).

Characteristics of studies

There were 6 (40.0%) articles [28—32, 39] written in Eng-
lish and 9 (60.0%) articles [27, 33—38, 40, 41] in Chinese
(two [27, 40] of studies were theses). There were 6 (40.0%)
articles [28, 30, 35, 39-41] investigated the effect of VRT
on both balance and gait, 7 (46.7%) [27, 29, 33, 34, 36—-38]
on balance and 2 (13.3%) [31, 32] on gait.
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Records identified through database
searching (N=1239)
PubMed (n=26) EMBASE (n=108)
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WOS (n=449) CENTRAL (n=141)
PEDro(n=161) CINAHL (n=63)
CNKI (n=191) VIP (n=33)

CBM (n=21) WanFang (n=46)

Additional records identified
through other sources
(n=17)

}

}

Records after duplicates removed
according to title and author names
(n=986)

Records excluded after abstract screening
(n=947)
Irrelevant to stroke (n=389), irrelevant to VRT
(n=367), review (n=70), protocol or trial registry

A

Abstracts included after
screening on title and
abstract (n=39)

record (n=64), irrelevant to balance or gait (n=24),
non-RCT (n=10), case(s) study (n=10), meeting
abstract (n=8), not primary studies (n=2),
descriptive study (n=1), letter (n=1), patent (n=1)

Full-text articles excluded (n=23)
non-RCT (n=12), not VRT +UR comparing with

A

Full-text articles assessed
for eligibility (n=16)

Studies included for

analysis and review (n=15)

l—>

UR (n=7), irrelevant to stroke (n=2), review (n=1),
full-text could not be obtained (n=1)

Raw data could not be obtained (n=1)

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for selection of studies. WOS Web of Science, CENTRAL
Cochrane Central Register of Controlled Trials, PEDro Physiotherapy Evidence Database, CINAHL Cumulative Index to Nursing and Allied Health
Literature, CNKI China National Knowledge Internet, VIP VIP database, CBM China Biology Medicine database, WanFang Wanfang database, RCT
randomized controlled trial, VRT vestibular rehabilitation therapy, UR usual rehabilitation

Table 1 describes the characteristics of the included tri-
als. There were 2 (13.3%) RCTs [30, 31] included patients
with stroke duration beyond 6 months. There were 10
(66.7%) RCTs [27, 29, 32, 34, 36—41] included patients
with the onset of stroke within 6 months and 4 (26.7%)
[27, 37, 38, 40] of them included patients with stroke
duration within 3 months. There was 1 (6.67%) RCT [28]
with stroke that occurred within 3 to 15 months, and 2
(13.3%) RCTs [33, 35] did not state the duration of onset
of stroke. These 3 RCTs could not be categorised accord-
ing to the criterion of duration of onset of stroke within
or beyond 6 months. The most commonly used outcome
measurements were the BBS [28, 30, 35—-41] (60.0%) and
TUG [28, 32, 39, 40] (26.7%).

Table 2 provides the intervention details of each trial.
Since various intervention protocols were implemented,
these trials were classified according to the type of VRT,
including GSE or eye—head movements [27-29, 39-41]
(40.0%), vestibular sensory stimulation conducted by
head movements [33, 35, 36] (20.0%), specific balance
exercises combined with eye—head movements [30—32]

(20.0%), GSE combined with swivel chair training [37,
38] (13.3%) and swivel chair training [34] (6.67%). The
intervention duration of VRT ranged from 1 to
12 weeks, with an average of 4.4 (2.4) weeks. Less than
4-week VRT was used in 4 (26.7%) RCTs [28, 32, 36, 40],
4-week VRT was used in 9 (60.0%) RCTs [27, 29, 31, 33,
34, 37-39, 41] and more than 4-week VRT was used in 2
(13.3%) RCTs [30, 35].

Risk of bias

The scores of 5 RCTs [28-32] could be found in the offi-
cial website of PEDro. There were 4 (7.3%) items of the 5
RCTs [28-32] that were inconsistent between reviewers
and the PEDro website, and 6 (5.5%) items of the other
10 RCTs [27, 33—-41] were inconsistent after assessment
by two reviewers. However, all items were agreed upon
after consulting the third reviewer. The PEDro scores are
shown in Additional file 3: Table S1. The PEDro scores
ranged from 5 to 7, with a mean score of 5.9 (0.7). Eleven
studies [27, 29, 30, 33-39, 41] (73.3%) with a score of 6
or 7 were considered as high quality. Four studies [28,
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Study (author, Participants Stroke characteristics Outcome measures
year) - : . : : related to balance
Size (n) Age (years) Gender (M/F) Duration (days) Type (H/I) Lesionside(L/R) Lesion location and gait
Correia, 2021 [28] E: 33 733+65 23/10 198.0+77.9 5/28 / / Number of falls, BBS
G35 735462 23/12 17804666 7/28 / / and TUG
Dai, 2013 [29] E: 24 5724122 16/8 56.9+389 / / / Number of falls
C24 6454147  12/12 7394379 / / / and PASS
Elhamrawy, 2021 E:16 66.5+3.2 11/5 2643+46.5 4/12 / / Walking speed, walk-
31 C16  685+38  10/6 260.1+408 5/11 / / ing cadence, SL-AS,
SL-US and step width
identified by using
the Microsoft Kinect
V2
Guo, 2022 [40] E: 14 61.07+9.09 8/6 142+4.7 6/8 / / BBS, TUG, TOMWT
C14  6264+919 7/7 151447 5/9 / / (seconds), APDCOP
Hansson, 2020 [30] E: 19 710£11.1 8/11 255.0+327.0 / 11/16 (no paresis: ~ / ABC, BBS and FGA
13 690+104  5/8 / 5) /
Huang, 2019 [33] E: 20 546+84 26/14 / 16/24 / / FM-B
C:20 / / /
Jiang, 2012 [34] E: 48 50.74+9.2 59/37 82.5+26.1 / / / FM-B
C: 48 / / /
Li, 2022 [35] E: 42 5792+201 25/17 / 13/29 27/15 / BBS, gait param-
C42  5734%211  24/18 / 11/31 26/16 / eters (SL-AS, ST-AS
and SW-AS) assessed
by the Gait Watch
Mitsutake, 2017 E 14 67.6+9.0 11/3 5244264 / 6/8 Supratentorial/ TOMWT (m/s), TUG
[32] infratentorial: 10/4  and DGl
C 14 68.1£13.5 11/3 64.1+£37.7 / 7/7 Supratentorial/
infratentorial: 10/4
Wang YM, 2022 E:17 66.0+54 15/2 760+339 4/13 5/12 / BBS
36] 17 678+4.] 14/3 908+37.1 2/15 8/9 /
Wang YQ, 2022 [27] E: 28 5193+8.14 14/14 343+215 15/13 15/13 / BBA, ABC
C27 5052+990 15/12 344+22.7 16/11 15/12 /
Xie, 2017 [37] E: 40 5424189 19/21 42.7+£120 22/18 / / BBS
C: 40 60.3+129 15/25 511483 21/19 / /
Yang, 2021 [41] E: 30 60.5+128 21/9 759+46.0 / 12/18 / BBS, FAC, fall risk
G300 619+133  18/12 80.7+406 / 10/20 / assessed by Tetrax
Yao, 2021 [38] E: 24 674458 16/8 203+£26 / / / BBS, COP movement
C20 660452  13/7 19.7+3.1 / / / distance and move-
ment area with EC/
EO
Zhao, 2022 [39] E: 20 604+123 15/5 1185+69.0 6/14 6/14 Basal ganglia/cer-  BBS, TUG, gait
ebral hemisphere:  parameters (ST-AS,
13/7 ST-US, SW-AS,
G20 545%139  15/5 100.54+56.1 8/12 9/ Basal ganglia/cer-  SW-US, ST-AS|,

ebral hemisphere:
12/8

SW-ASI, APCOPV-US,
APCOPV-AS, EEA-EO,
EEA-EC, PPF-EO

and PPF-EC) assessed
by the ODONATE
gait analysis system

Values are presented as mean + standard deviation or numbers

n number, M/F male/female, H/I haemorrhagic/ischemic, L/R left/Right, C control group, E experiment group, BBS Berg balance scale, TUG timed up-and-go test, PASS
postural assessment scale for stroke patients, SL step length, AS affected side, US unaffected side, ABC activities-specific balance confidence scale, FGA functional gait
assessment, TOMWT 10-m walking test, DG/ dynamic gait index, ST stance phase, SW swing phase, FAC functional ambulation category scale, COP centre of pressure,
EC eyes closed, EO eyes open, FM-B Fugl-Meyer balance scale, AS/ absolute symmetric index, APCOPV anterior—posterior centre of pressure displacement velocity, EEA
envelope ellipse area, PPF proportion of the plantar pressure, APDCOP anterior—-posterior displacement of centre of pressure, BBA Brunel balance assessment
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31, 32, 40] (26.7%) with a score of 5 were considered as
moderate quality. All studies fulfilled the items of eligi-
bility criteria, random allocation, similar baselines, and
point estimates and variability. However, only one study
[30] (6.67%) showed concealed allocation, and one study
[31] (6.67%) did not have between-group comparisons.
Participant and therapist blinding were not found in any
study and assessor blinding was implemented only in six
studies [29, 30, 32, 36, 39, 40] (40.0%).

Effect of VRT on improving balance

Balance was evaluated by using various balance scales
and balance equipment. Various balance scales included
BBS, FM-B, ABC, BBA and Postural Assessment Scale
for Stroke Patients. Thirteen RCTs [27-30, 33—41] with
708 patients were pooled to estimate the overall effect
on the balance using balance scales. The pooled SMD
showed that VRT significantly improved the balance
scores (SMD=0.59, 95% CI (0.40, 0.78), p <0.00001) with
moderate certainty of evidence (Fig. 2A, Table 3). Nine
RCTs [28, 30, 35-41] with 470 patients were pooled to
estimate the improvements in BBS. The pooled MD indi-
cated a statistically significant improved BBS (MD =3.08,
95% CI (1.86, 4.31), p<0.00001) with moderate certainty
of evidence (Fig. 2B, Table 3). Two RCTs [33, 34] with
136 patients and 2 RCTs [27, 30] with 86 patients were
included to estimate changes in FM-B and ABC (Addi-
tional file 4: Fig. S1A-B, Table 3). There were significant
improvements both on FM-B (MD=2.74, 95% CI (1.56,
3.91), p<0.00001) and ABC (MD=7.42, 95% CI (0.83,
14.00), p=0.03) in VRT combined with UR group with
moderate certainty of evidence. However, the pooled
results of 2 RCTs [38, 39] with 84 patients did not iden-
tify a statistically significant decreased the movement
area of centre of pressure with eyes open (MD= —0.70,
95% CI (—2.00, 0.59), p=0.29) or closed (MD= —3.53,
95% CI (—8.93, 1.88), p=0.20) with low to very low cer-
tainty of evidence (Additional file 4: Fig. S1C-D, Table 3).
Falls were investigated in 2 studies [28, 29] involving 116
patients. The incidence of falls in the VRT combined with
UR group was 0.28 times that in the UR group, but it did
not reach the statistically significance (RR=0.28, 95% CI
(0.05, 1.73), p=0.17), with a low certainty of evidence
(Additional file 4: Fig. S1E, Table 3).

Nine RCTs [27, 29, 34, 36—41] with 484 patients and 1
RCTs [30] with 32 patients were included in the analysis
of the efficacy of VRT combined with UR in patients after
stroke occurred within 6 months and beyond 6 months
(Fig. 2C, Table 3). The result of subgroup analysis showed
that patients with stroke occurred within 6 months
achieved significant balance improvement in the VRT
combined with UR group (SMD=0.56, 95% CI (0.33,
0.79), p<0.00001) with moderate certainty of evidence.

Page 8 of 17

The effects of VRT for patients with onset of stroke
within 3 months were estimated in 4 RCTs [27, 37, 38,
40] with 206 patients. There was a statistically significant
improvement on balance in the VRT combined with UR
group (SMD=0.65, 95% CI (0.36, 0.94), p<0.0001) with
moderate certainty of evidence (Fig. 2D, Table 3).

The effects of different types and intervention duration
of VRT on balance were estimated in 13 RCTs [27-30,
33-41] with 708 patients. The pooled SMD showed that
different types and intervention duration of VRT could
significantly improve balance (SMD =0.59, 95% CI (0.40
to 0.78), p< 0.00001) with moderate certainty of evidence
(Fig. 3A-B, Table 3). Six RCTs [27-29, 39-41] with 298
patients, 3 RCTs [33, 35, 36] with 158 patients and 2
RCTs [37, 38] with 124 patients were included for sub-
group analysis of the effectiveness of GSE or eye-head
movements, vestibular sensory stimulation and GSE
combined with swivel chair training on balance. There
was a statistically significant improvement on balance in
the group which VRT were provided by GSE or eye—head
movements (SMD =0.40, 95% CI (0.17, 0.63), p=0.0006),
vestibular sensory stimulation conducted by head move-
ment (SMD=0.75, 95% CI (0.43, 1.07), p<0.00001) and
GSE combined with swivel chair training (SMD=0.85,
95% CI (0.48, 1.22), p<0.00001) with moderate certainty
of evidence. Three RCTs [28, 36, 40] with 130 patients,
8 RCTs [27, 29, 33-35, 37, 39, 41] with 462 patients
and 2 RCTs [30, 35] with 116 patients were pooled in
subgroup analysis to investigate the effect of less than
4-week, 4-week and more than 4-week VRT on balance.
The result showed that there was a statistically signifi-
cant improvement in balance both in less than 4-week
VRT group (SMD=0.50, 95% CI (0.15, 0.85), p=0.005)
and 4-week VRT group (SMD=0.64, 95% CI (0.40,
0.89), p<0.00001) with moderate certainty of evidence.
There was not a significant improvement on balance in
the more than 4-week VRT group (SMD=0.42, 95% CI
(—0.50, 1.33), p=0.37).

Effect of VRT on improving gait

Gait was assessed by TUG and gait parameters. Four
RCTs [28, 32, 39, 40] with 164 patients were included
in examining the improvement in TUG. The pooled
MD showed that VRT significantly decreased the TUG
(MD= —4.32, 95% CI (-6.65, —1.99), p=0.0003) with
moderate certainty of evidence (Fig. 4A, Table 4). The
decreased TUG was observed in the subgroup of less
than 4-week VRT (MD= —4.71, 95% CI (=7.16, —2.26),
p=0.0002) with moderate certainty of evidence, instead
of the 4-week VRT (MD= —0.59, 95% CI (—8.17, 6.99),
p=0.88). Three RCTs [32, 39, 40] with 96 patients
with onset of stroke within 6 months were available
for data synthesis. There was a statistically significant
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(A) Overall effect on balance scales

VRT+UR UR Std. Mean Difference Std. Mean Difference
Study or Subgrouj Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% CI
Caorreia 2021 7 385 33 425 404 35 9.1% 0.69 [0.20,1.18] I
Dai 2013 866 9.05 24 404 835 24 7.4% 0.52 [-0.05,1.10] T
Guo 2022 5.64 401 14 407 787 14 5.1% 0.24 [-0.50, 0.99] R B
Hansson 2020 -1.75 1037 19 -0.75 11.04 13 5.5% -0.09 [-0.80, 0.61] N
Huang 2019 75 238 20 54 203 20 6.2% 0.93[0.27,1.59]
Jiang 2012 532 317 48 202 305 48 10.6% 1.05[0.62,1.48] I
Li2022 8.2 456 42 46 386 42 101% 0.84 [0.40,1.29] -
Wang YM 2022 7.35 1089 17 1.92 1915 17 5.9% 0.34 [-0.34,1.02] [
Wang YQ 2022 426 236 27 322 236 27 8.1% 0.43 011, 0.97] T
Hie 2017 16.39  8.55 40 827 898 40 9.8% 0.92 [0.46,1.28] -
Yang 2021 13.2 5895 30 121 772 30 8.7% 0.16 [-0.35, 0.66) -
YYao 2021 139 447 24 108 4 20 6.8% 0.74[0.13,1.36]
Zhao 2022 57 526 20 41 745 20 6.7% 0.24 [-0.38, 0.87] [ E—
Total (95% CI) 358 350 100.0% 0.59 [0.40, 0.78] L 4
Heterogeneity: Tau®*=0.04; Chi*=18.27, df=12 (P=0.11); F= 34% t + t

-2 1

,
1 2
Test for overall effect: Z=6.05 (P = 0.00001) Favours [UR] Favours [VRT+UR]

(B) BBS
VRT+UR UR Mean Difference Mean Difference
Study or Subaroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Caorreia 2021 7385 33 425 404 358 23.0% 2.75[0.87, 4.63] —
Guo 2022 564 401 14 407 787 14 6.1% 1.7 [-3.06, 6.20] I
Hansson 2020 -1.75 1037 19 -0.75 11.04 13 246%  -1.00[-8.60, 6.60] I
Li 2022 82 456 42 46 386 42 239% 3.60[1.79,5.41] —
Wang YM 2022 7.35 1089 17 1.92 1815 17 1.3% 5.43[5.04,1580] *
Hie 2017 16.39 855 40 827 898 40 8.4%  8.12[4.28 11.96]
Yang 2021 132 595 o o121 772 a0 9.9% 1.10[-2.39, 4.59] [
Yao 2021 139 417 24 108 40 20 16.9% 3.10[0.68, 5.52] I
Zhao 2022 57 5126 20 41 745 20 7.9% 1.60 [-2.40, 5.60] A
Total (95% CI) 239 231 100.0% 3.08[1.86, 4.31] <>
Heterogeneity: Tau®= 0.78; Chi*= 10,52, df= 8 (P = 0.23); F= 24% R 7 t A

Test for overall effect: Z=4.93 (P = 0.00001) Favours [UR] Favours [VRT+UR]

(C) Patients with various stroke duration

VRT+UR UR Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV. Random, 95% CI
1.3.1 Within 6 months
Dai 2013 866 905 24 404 835 24 100% 0.52 [-0.05,1.10] 1
Guo 2022 564  4.01 14 407 787 14 72% 0.24 [-0.50, 0.99] T
Jiang 2012 532 317 48 202 305 48 135% 1.05[0.62,1.48] —
Wang YM 2022 7.35 1089 17 192 1915 17  82% 0.34 [-0.34,1.02] -
Wang Y@ 2022 426 236 27 322 236 27 10.8% 0.43[0.11,0497) T
Hie 2017 16.39 855 40 B.27 898 40 126% 0.92 [0.46,1.38] .
‘Yang 2021 132 595 30 121 772 30 115% 0.16 [-0.35, 0.66] -1
Yao 2021 139 417 24 108 401 20 9.3% 0.74[0.13,1.36)
Zhao 2022 57 526 20 41 745 20 91% 0.24 [-0.38, 0.87) T
Subtotal (95% CI) 244 240 92.2% 0.56 [0.33, 0.79] ‘

Heterogeneity: Tau®= 0.04; Chi*= 1236, df=8 (P = 0.14); F=35%
Testfor overall effect: Z= 4.74 (P = 0.00001)

1.3.2 Beyond 6 months
Hansson 2020 -1.75 10,37 19 -0.75 11.04 13 7.8% -0.09 [0.80, 0.61]

Subtotal (95% Cl) 19 13 7.8% -0.09 [-0.80, 0.61] i
Heterogeneity: Mot applicable

Test for overall effect: Z=0.25 (P = 0.80)

Total (95% Cl) 263 253 100.0% 0.50[0.27, 0.74] <

Heterogeneity: Tau®= 0.06; Chi*=15.71, df=3 (P = 0.07); F= 43% -2 v1 1| é
Testfor overall effect: Z=4.14 (P < 0.0001)

Favours [UR] Favours [VRT+UR)
Testfor subaroun differences: Chi*= 2.96. df= 1 (P = 0.09). F= £5.3% avours [UR] Favours [VRT+UR]

(D) Patients with stroke occurred within 3 months

VRT+UR UR Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random. 95% CI
Guo 2022 564 401 14 407 7.87 14 147% 0.24 [-0.50, 0.99] e
Wang YGQ 2022 426 236 27 322 236 27 273% 0.43[0.11,0.87] T
Hie 2017 16.39 8455 40 827 B498 40 36.7% 0.92 [0.46,1.38] ——
YYao 2021 139 417 24 108 4 200 21.3% 0.74[0.13,1.36] e
Total (95% Cl) 105 101 100.0% 0.65 [0.36, 0.94] >
Heterogeneity: Tau®= 0.00; Chi®= 3.13, df= 3 (P = 0.37); F= 4% 2 1 : 1 2

Testfor overall effect: 7= 4.40 (P < 0.0001) Favours [UR] Favours VRT+UR]

Fig. 2 Meta-analysis of VRT on balance (A-D). VRT vestibular rehabilitation therapy, UR usual rehabilitation, BBS Berg balance scale
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Table 3 Summary of findings of balance and certainty of evidence assessment

Outcomes

Effect (95% Cl)

No. of participants

(studies)

Certainty of the evidence (GRADE)

Overall effect on balance scales

BBS

FM-B

ABC

COP movement area with eyes open

COP movement area with eyes closed

Number of falls

Patients with various stroke duration

Within 6 months

Within 3 months

Various types of VRT

GSE or eye-head movements

Vestibular sensory stimulation conducted by head

movements

GSE combined with swivel chair training

Various intervention duration of VRT

Less than 4 weeks

4 weeks

More than 4 weeks

SMD 0.59 (0.40 to 0.78)

MD 3.08 (1.86 t0 4.31)

MD 2.74 (156 t0 3.91)

MD 7.42 (0.83 to 14.00)

MD —0.70 (—2.00 to 0.59)

MD —3.53 (-8.93 to 1.88)

RR 0.28 (0.05 to 1.73)

SMD 0.50 (0.27 to 0.74)

SMD 0.56 (0.33 t0 0.79)

SMD 0.65 (0.36 to 0.94)

SMD 0.59 (040 to 0.78)

SMD 0.40 (0.17 to 0.63)

SMD 0.75 (0.43 to 1.07)

SMD 0.85 (048 to 1.22)

SMD 0.59 (0.40 to 0.78)

SMD 0.50 (0.15 to 0.85)

SMD 0.64 (0.40 to 0.89)

SMD 0.42 (—0.50 to 1.33)

708 (13 studies)

470 (9 studies)

136 (2 studies)

86 (2 studies)

84 (2 studies)

84 (2 studies)

116 (2 studies)

516 (10 studies)

484 (9 studies)

206 (4 studies)

708 (13 studies)

298 (6 studies)

158 (3 studies)

124 (2 studies)

708 (13 studies)

130 (3 studies)

462 (8 studies)

116 (2 studies)

DDHBO
Moderate®

due to risk of bias
DOBO
Moderate®

due to risk of bias
S
Moderate’

due to risk of bias
DDOO
Moderate’

due to risk of bias
DOOO

Low*P

due to risk of bias, imprecision

ZSISIC]

Very low?*°<

due to risk of bias, inconsistency, imprecision

[$5 SIS
Low®?

due to risk of bias, imprecision

DHBO
Moderate®

due to risk of bias
DOBO
Moderate®

due to risk of bias
S
Moderate®

due to risk of bias
DDBO
Moderate’

due to risk of bias
DHOO
Moderate®

due to risk of bias
DDHOO
Moderate®

due to risk of bias
DHOO
Moderate®

due to risk of bias
DOHBO
Moderate®

due to risk of bias
DB
Moderate?

due to risk of bias
S
Moderate®

due to risk of bias

Very low?*°<

due to risk of bias, inconsistency, imprecision

GRADE Working Group grades of evidence:

High certainty: Further research is very unlikely to change our confidence in the estimate of effect

Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low certainty: We are very uncertain about the estimate
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Table 3 (continued)

Page 11 of 17

Cl confidence interval, MD mean difference, SMD standardized mean difference, RR risk ratio, GRADE grading of recommendations assessment, development
and evaluation, BBS Berg balance scale, FM-B Fugl-Meyer balance scale, ABC activities-specific balance confidence scale, COP centre of pressure, VRT vestibular

rehabilitation therapy, GSE gaze stability exercises
2 Lack of allocation concealment
b Wide 95% Cl of pooled effect

¢ Statistical heterogeneity across studies

9 Lack of allocation concealment and failure to consider the intention to treat principle

€ Lack of allocation concealment and adequate follow-up

improvement on TUG in the VRT combined with UR
group (MD=-3.92, 95% CI (—6.83, —1.00), p=0.008)
with moderate certainty of evidence (Fig. 4B, Table 4).

A few studies were included to assess the gait param-
eters including walking speed, step length of the affected
side, stance phase of the affected side and swing phase
of the affected side (Fig. 4C-F, Table 4). The pooled MD
of 2 RCTs [31, 35] with 116 patients showed that VRT
improved step length of the affected side (MD=2.33,
95% CI (1.19, 3.47), p<0.0001) with moderate certainty
of evidence. The pooled results of 2 RCTs [35, 39] with
124 patients did not show a statistically significant
improvement in VRT group neither on stance phase
(SMD= —-0.36, 95% CI (—0.98, 0.26), p=0.26) nor swing
phase (SMD=0.44, 95% CI (-0.48, 1.37), p=0.34) of
affected side. VRT combined with UR could not improve
the walking speed measured by 10-m walking test in 2
RCTs [32, 40] with 56 patients (SMD= —0.44, 95% CI
(-1.61, 0.74), p=0.46).

Discussion

This meta-analytic study included 15 RCTs with 769
patients to investigate the effect of VRT on balance and
gait in patients after stroke. The results provided mod-
erate certainty of evidence that VRT could improve the
balance and gait in patients after stroke, particularly for
patients after stroke that occurred within 6 months.

The VRT improved the overall scores of balance meas-
ures, as well as the scores of BBS, FM-B and ABC. There
was inadequate evidence for showing the effectiveness
of VRT combined with UR in reducing fall incidents of
patients after stroke as compared with UR. The point
estimate RR was 0.28, indicating a possible protective
effect of the VRT combined with UR in reducing the fall
incidents, but the 95% CI of RR was 0.05 to 1.73. The
most possible underlying reason was the limited sample
size in the included studies involving only 116 patients.

The VRT was effective in patients after stroke
occurred within 3 months, as well as 6 months, and
the pooled statistics of these two categories of patients
were very similar. It is known that patients after stroke
would achieve the most neurological and functional
improvement within the first 3 months, and then the
subsequent recovery potential would be limited [42].

However, it is encouraging to observe that patients
after stroke could continue to benefit from VRT in bal-
ance from 3 month of stroke onset to 6 months.

This study showed that the most effective VRT pro-
tocol in improving balance for patients after stroke was
GSE combined with swivel chair training, followed by
head movement, then GSE or eye—head movements,
with 4-week intervention duration. There is strong evi-
dence that VRT prescribed as GSE and/or eye—head
movements provide a clear and substantial benefit of
gaze and postural stability to individuals with periph-
eral vestibular dysfunction [7]. Swivel chair vestibular
rotational training is based on rotational chair test-
ing, which is considered the most sensitive and reliable
technique for quantifying the magnitude of bilateral
peripheral vestibular hypofunction [43]. Swivel chair
training maximises the physiological stimulation on
semi-circular canal by repeatedly changing the flow
direction and speed of endolymphatic fluid in each
semi-circular canal [44]. This treatment approach may
reduce the sensitivity of vestibular system and enhance
the tolerance, and promote the compensatory, adaptive
and plasticity of the central nervous system [44, 45].

The significant improvement on the TUG scores was
observed in the less than 4-week VRT group instead of
the 4-week VRT group. Only one trial [39] included in
the analysis of 4-week VRT on TUG, showing no sig-
nificant difference between two groups. More trials
with larger sample size may achieve results with sta-
tistically significant difference. In the VRT combined
with UR group, patients after stroke occurred within
6 months achieved more decreasing TUG scores. For
gait parameters, only the positive effects of VRT on the
step length of the affected side in patients after stroke
were observed. Given the limited data available, sub-
group analysis of VRT with different types on gait could
not be performed. Due to the heterogeneity of outcome
measures, subgroup analysis of the effect of VRT on
gait in patients with diverse duration of onset of stroke
could not be performed.

Potential mechanisms of VRT for stroke
The vestibular system is involved in postural control by
acting as both a sensory and a motor system, supporting
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(A) Various types of VRT

VRT+UR UR
Study or Subgrou Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV. Random, 95% CI

1.5.1 GSE or eye-head movements

Correia 2021 7oo3mh 33 4325 404 3“0 81%
Dai 2013 .66  9.058 24 404 835 24 TA4%
Guo 2022 564 4.0 14 407 787 14 51%
Wang Y@ 2022 426 236 7322 238 7 8%
Yang 2021 132 585 o121 772 o 8v%
Zhao 2022 67 626 i 41 745 0 6B7%

Subtotal (95% Cl) 148 150  45.1%
Heterogeneity: Tau®*= 0.00; Chi*= 281, df=5(FP=0.73); F=0%

Testfor overall effect 2= 3.43 (P = 0.0006)

1.5.2 Vestibular sensory stimulation conducted by head movements
Huang 2019 Ta 238 20 54 203 20 6.2%
Li2022 8.2 456 42 46 386 42 101%
Wang YM 2022 7.35 1089 17 1.92 1915 17 5.9%
Subtotal (95% CI) 79 79 22.2%
Heterogeneity: Tau?= 0.00; Chi*= 1.87, df= 2 (P = 0.38); F= 0%

Test far overall effect Z=4.53 (F = 0.00001)

1.5.3 GSE combined with swivel chair training

Hie 2017 16.33 855 40 8327 898 40  98%
‘Yao 2021 139 417 24 108 401 0 68%
Subtotal (95% Cl) 64 60 16.5%
Heterogeneity: Tau®= 0.00; Chi*=0.20, df=1 (P = 0.66); F= 0%
Test for overall effect Z=4.53 (F = 0.00001)

1.5.4 Swivel chair training

Jiang 2012 532 317 48 202 305 48 106%
Subtotal (95% CI) 48 48 10.6%

Heterogeneity: Mot applicable
Testfor averall effect Z=4.82 (P = 0.00001)

1.5.5 Spefic balance exercises combined with eye-head movements
Hansson 2020 -1.75 1037 19 -0.75 11.04 13 5.5%
Subtotal (95% CI) 19 13 5.5%
Heterogeneity: Not applicable

Test far overall effect Z=0.25 (F = 0.80)

Total (95% CI) 358 350 100.0%
Heterogeneity: Tau*=0.04; Chi*=18.27 df=12 (P=011); F=34%
Testfor overall effect Z=6.05 (P = 0.00001})

Testfor subaroun differences: Chi*=13.40.df=4 (P=0.009. F=70.2%

(B) Various intervention duration of VRT

VRT+UR UR
Study or Subgrou Mean SD Total Mean SD Total Weight

069 [0.20,1.18]
0.52 [0.05,1.10]
.24 [0.50, 0.99]
043 [0.11,0.97]
016 [-0.35, 0.66]
0.24 [0.38, 0.87]
0.40 [0.17, 0.63]

0.93 [0.27, 1.59]
0.84 [0.40,1.29]
0.34 [-0.34, 1.02]
0.75[0.43, 1.07]

0.92 [0.46, 1.38]
0.741[0.13,1.38]
0.85[0.48, 1.22]

1.05 [0.62, 1.48]
1.05[0.62, 1.48]

-0.09 [-0.80, 0.61]
-0.09[-0.80, 0.61]

0.59 [0.40, 0.78]

Std. Mean Difference
IV, Random. 95% Cl

-

->

+
-05 ]

u
0.4

1

Favours [UR] Favours [VRT+UR]

Std. Mean Difference
IV, Random. 95% CI

1.6.1 Less than 4 weeks

Correia 2021 7385 33 425 404 35 9.1%
Guo 2022 564 4.01 14 407 787 14 1%
Wang Y 2022 7.35 1089 17 1.92 1915 17 5.9%

Subtotal (95% CI) 64 66 20.1%
Heterogeneity: Tau®= 0.00; Chi*=1.23, df= 2 (P =0.584); F= 0%

Test for overall effect 2= 2.78 (F = 0.005)

1.6.2 4 weeks

Dai 2013 866 9.05 24 404 B35 24 7.4%
Huang 2019 75 238 20 54 203 20 6.2%
Jiang 2012 532 3417 48 202 305 48 10.6%
Wang Y@ 2022 426 236 7322 236 27 8.1%
Hie 2017 16.39 845 40 827 898 40 9.8%
Yang 2021 132 5495 o121 772 30 8.7%
Yao 2021 139 447 4 108 401 20 6.8%
Zhao 2022 87 526 20 41 745 20 6.7%
Subtotal (95% CI) 233 229 64.2%

Heterogeneity: Tau®= 0.05; Chi*=11.53, df=7 (F=0.12); F=39%
Test far overall effect Z=512 (F = 0.00001)

1.6.3 More than 4 weeks

Hansson 2020 -1.75 1037 19 -0.75 11.04 13 5.5%
Liz022 8.2 456 42 46 386 42 101%
Subtotal (95% CI) 61 55 15.7%
Heterogeneity: Tau®= 0.35; Chi*= 4.82, df=1 (P = 0.03); F= 79%
Test far overall effect Z=0.90 (F = 0.37)

Total (95% CI) 358 350 100.0%
Heterogeneity: Tau*=0.04; Chi*=18.27 df=12 (FP=011); F= 34%
Test for overall effect Z=6.05 (F = 0.00001)

Testfor subaroun differences: Chi®= 0.57. df= 2 (P =0.78). F= 0%

0.69(0.20,1.18]
0.24 [-0.50, 0.99]
0.34 [0.34,1.07)
0.50 [0.15, 0.85]

052 [0.05,1.10]
0.93 [0.27, 1.59]
1.05 [0.62, 1.48]

0.43 -0.11,0.97]
0.92 [0.46, 1.38]
0.16 [-0.35, 0.66]
0.74[0.13,1.38]
0.24 [-0.38, 0.87]
0.64 [0.40, 0.89]

-0.09 [0.80, 0.61]
0.84 [0.40, 1.29]
0.42[-0.50, 1.33]

0.59 [0.40, 0.78]

y

1 0

1

t
2

Favours [UR] Favours [VRT+UR]

Fig. 3 Meta-analysis of various types and intervention duration of VRT on balance (A-B). VRT vestibular rehabilitation therapy, UR usual
rehabilitation, GSE gaze stability exercises
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(A) Various intervention duration of VRT on TUG

VRT+UR UR

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI
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Mean Difference
IV, Random, 95% CI

Mean Difference

2.1.1Less than 4 weeks
Correia 2021 -7.65 858 33 -262 77 35 361% -5.03[8.91,-1.14] —
Guo 2022 -8.82 412 14 -399 484 14 49.0% -4.83[8.16,-1.50] ——
Mitsutake 2017 -7.83 1251 14 -6.05 14.34 14 55% -1.48[11.45 8.49]
Subtotal (95% CI) 61 63 90.6% -4.71[-7.16,-2.26] R o
Heterogeneity: Tau®= 0.00; Chi*=0.43, df=2 (P=0.80); F=0%
Test for overall effect: Z= 3.77 (P = 0.0002)
2.1.2 4 weeks
Zhao 2022 -6.16 12.88 20 -557 11.56 20 94% -059[8.17, 6.99] -
Subtotal (95% CI) 20 20 94% -0.59[-8.17,6.99] e ——
Heterogeneity: Not applicable
Test for averall effect: Z=0.15 (P = 0.88)
Total (95% CI) 81 83 100.0% -4.32[-6.65,-1.99] -
!l—_iel?;ogeneiwlzlT?ru’lzzﬂ.ﬂg;ﬁcshi;: 10.4060,32): 3(P=069);,F=0% -1:0 5 ? 5 1:0
estfor overall effect: Z= 3. =0. )
Test for subaroun differences: Chi*=1.02. df=1 (P=0.31). F= 2.4% Favours VRT+UR] Favours [UR]
(B) VRT on TUG in patients with stroke occurred within 6 months
VRT+UR UR Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Guo 2022 -8.82 412 14 -393 484 14 76.7% -4.83[8.16,-1.50]
Mitsutake 2017 -7.53 1251 14 -605 1434 14 86% -1.48[11.45 8.49]
Zhao 2022 -6.16 12.88 20 -557 11.56 20 148% -059[8.17 6.99)
Total (95% CI) 18 48 100.0% -3.92[-6.83,-1.00] el
Heterogeneity: Tau®= 0.00; Chi#=1.26, df= 2 (P = 0.53); F= 0% 10 5 t 150

Test for averall effect: Z= 2.63 (P = 0.008)

(C) SL-AS

Mean Difference
Weight V. Random, 95% CI

]
Favours [VRT+UR] Favours [UR]

Mean Difference
IV, Random, 95% CI

Elhamrawy 2021 249 175 16 054 1.81 16 70.1%
Li2022 751 446 42 429 49 42 299%
Total (95% CI) 58 58 100.0%

Heterogeneity: Tau®= 0.09; Chi*=1.12, df=1 {P=0.29); F=11%
Testfor overall effect: Z=4.01 (P < 0.0001)

Std. Mean Difference

1.95[0.72, 3.18] ——
3.221[1.22,5.22] —_—
2.33[1.19, 3.47] e
- -2 0 2 1
Favours [UR] Favours [VRT+UR]

Std. Mean Difference
IV, Random, 95% CI

(D) ST-AS
VRT+UR UR
Study or Subgrou Mean SD Total Mean SD_Total Weight
Li2022 -17.27 10417 42 -1057 1068 42 56.2%
Zhao 2022 -0.2 066 20 -0.2 064 20 438%
Total (95% Cl) 62 62 100.0%

Heterogeneity: Tau®=0.13; Chi*= 2.70, df=1 (P=0.10); F=63%
Testfor overall effect Z=1.13 (P = 0.26)

(E) SW-AS
VRT+UR UR

Study or Subgrou Mean SD Total Mean

Li 2022 56 1.99 42 334 2985 42 527%

Zhao 2022 -0.08 272 20 003 13 20 47.3%

Total (95% CI) 62 62 100.0%

Heterogeneity: Tau®= 0.37; Chi*=5.80, df=1 (P=0.02); F=83%
Testfor overall effect: Z=0.95 (P =0.34)

(F) 10MWT
VRT+UR UR
Study or Subgrou Mean SD Total Mean SD Total Weight
Guo 2022 -968 6.33 14 -3 6.04 14  49.2%
Mitsutake 2017 0.34 057 14 026 045 14 50.8%
Total (95% Cl) 28 28 100.0%

Heterogeneity: Tau®= 0.56; Chi*= 4 66, df= 1 (P = 0.03); F= 79%
Test for overall efiect Z= 0.73 (P = 0.46)

Std. Mean Difference
SD Total Weight IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

IV, Random, 95% Cl
-0.64 [-1.08,-0.20] ——
0.00 [-0.62,0.62]

-0.36 [-0.98, 0.26]

2 A 0 1 2
Favours [UR] Favours [VRT+UR]

Std. Mean Difference
IV, Random, 95% CI
i

0.89 [0.44, 1.34]
-0.05 [-0.67, 0.57]

0.44-0.48, 1.37]

4 2 0 2 4
Favours [UR] Favours VRT+UR]

Std. Mean Difference
IV. Random, 95% CI
—m—

-1.05[-1.85,-0.25]
0.15[-0.59, 0.89]

0.44[-1.61,0.74]

L
-4 -2 0 2 4
Favours [UR] Favours [VRT+UR]

Fig. 4 Meta-analysis of VRT on gait (A-F). VRT vestibular rehabilitation therapy, UR usual rehabilitation, TUG timed up-and-go test, SL step length, ST

stance phase, SW swing phase, AS affected side, TOMWT 10-m walking test
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Table 4 Summary of findings of gait and certainty of evidence assessment

Outcomes Effect (95% Cl) No. of Certainty of the evidence (GRADE)
participants
(studies)
Various intervention duration of VRT on TUG MD —4.32 (—6.65to —1.99) 164 (4 studies) (G5 C)
Moderate®
due to risk of bias
Less than 4 weeks MD —4.71 (-7.16 to —2.26) 124 (3 studies) [ S)
Moderate®
due to risk of bias
VRT on TUG in patients with stroke occurred MD —3.92 (-6.83 to —1.00) 96 (3 studies) DBHBO
within 6 months Moderate®
due to risk of bias
SL-AS MD 2.33 (1.19 to 3.47) 116 (2 studies) [ S)
Moderate®
due to risk of bias
ST-AS SMD —0.36 (—0.98 t0 0.26) 124 (2 studies) [ CICIC]
Very low®®f
due to risk of bias, inconsistency, imprecision
SW-AS SMD 0.44 (—0.48t0 1.37) 124 (2 studies) DO
Very low?s
due to risk of bias, inconsistency, imprecision
T0MWT SMD —0.44 (-1.61t0 0.74) 56 (2 studies) DO
Very lowPd®

due to risk of bias, inconsistency, imprecision

GRADE Working Group grades of evidence:

High certainty: Further research is very unlikely to change our confidence in the estimate of effect

Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate

Very low certainty: We are very uncertain about the estimate

Cl confidence interval, MD mean difference, SMD standardized mean difference, GRADE grading of recommendations assessment, development and evaluation, VRT
vestibular rehabilitation therapy, TUG timed up-and-go test, SL step length, ST stance phase, SW swing phase, AS affected side, TOMWT 10-m walking test

2 Lack of allocation concealment and failure to consider the intention to treat principle

b Lack of allocation concealment and adequate follow-up

¢ Lack of allocation concealment and between-groups comparison
d Statistical heterogeneity across studies

€ Wide 95% Cl of pooled effect

fLack of allocation concealment

therapeutic applications of VRT in patients after stroke.
As a sensory system, the vestibular information closely
integrates with somatosensory and visual information to
the central nervous system to estimate the position and
movement of the entire body as well as the surrounding
environment [46, 47]. The vestibular system also contrib-
utes directly to motor control. Descending motor path-
ways such as the vestibulospinal tracts receive vestibular
and other types of information to control eye, head and
trunk orientation and to coordinate postural movements
[46]. Postural adjustments are achieved by reciprocal
connections between the vestibular nuclei and the ves-
tibular cerebral cortex, the vestibulocerebellum, reticular
formation, spinal cord, superior colliculus and nucleus
of cranial nerve XI [46, 48, 49]. The effectiveness of VRT
may be achieved by enhancing central processing within

the central vestibular nervous system by promoting neu-
ral recovery or neuronal plasticity.

Comparison with other studies

The results of this review are not entirely consistent with
previous reviews. A recent systematic review without
meta-analysis [17] investigated the effectiveness of VRT
on gait performance in patients after stroke. It showed
beneficial effects of VRT on gait performance in patients
after stroke with very low certainty of evidence. The
other systematic review [11] with 12 studies reported the
effect of VRT on adult patients with a diagnosis of neu-
rologic disorders. The high clinical and methodological
heterogeneity of the included studies precluded meta-
analysis in that review. The authors suggested that VRT
was safe and could easily be implemented with standard
neurorehabilitation in patients with neurologic disorders.
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However, recommendations on the clinical details of
VRT could not be made due to the heterogeneity of treat-
ments and lack of high-quality studies. The differences in
the method of analysis and inclusion criteria for partici-
pants may explain the somewhat different results of these
reviews from those of this present study.

Implications for clinical practice and research

This meta-analysis provides further support for the effec-
tiveness of VRT in patients after stroke. VRT is recom-
mended in addition to standard stroke rehabilitation
to improve the balance and gait in patients after stroke
occurred within 6 months. Although a definitive proto-
col of VRT cannot be recommended for the time being,
the most effective VRT in balance improvement appears
to be the use of GSE combined with swivel chair training
for 4 weeks.

To facilitate future analyses of VRT for patients after
stroke, RCTs of higher quality and larger simple size are
needed to enhance the certainty of evidence. In addition,
stroke characteristics (type, location of lesion, severity
and duration of onset) as well as the detailed interven-
tion of VRT prescription should be specified in the future
studies.

Strengths and limitations

The strength of this systematic review included the most
comprehensive synthesis of evidence to date on the
effects of VRT for patients after stroke. A prespecified
protocol registered on PROSPERO was used and the Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analysis statement was followed. The PEDro scale was
used to evaluate the risk of bias, with the GRADE system
to appraise the overall certainty of the evidence and pre-
sent the findings. As there was no language restriction,
the language bias would be minimised.

This systematic review had several limitations. The
authors could not be reached to obtain the raw data
from one potentially eligible trial [50]. The limited use
of allocation concealment and assessor blinding in
those included trials had introduced bias. The effect of
VRT in patients with duration of onset of stroke beyond
6 months were not examined as data were not available
for data synthesis in balance and gait measures. Given
the limited data available, subgroup analysis of VRT with
different types on gait could not be performed. There was
also difficulty in categorising the participants into sub-
groups based on stroke characteristics (type, location of
lesion, severity and duration of onset) and the ambula-
tory status, as these characteristics were not described in
detail in most of the included studies.
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Conclusions

There is moderate certainty of evidence supporting the
positive effect of VRT on improving balance and gait
in patients after stroke, particularly for patients after
stroke with onset within 6 months. Higher quality of
randomised controlled trials with larger sample size is
warranted.
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UR Usual rehabilitation

VRT Vestibular rehabilitation therapy

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-023-03029-9.

Additional file 1. Preferred Reporting Items for Systematic reviews and
Meta-Analysis statement checklist.

Additional file 2. The search strategy used in PubMed.
Additional file 3: Table S1. PEDro Scores of the Included Studies.

Additional file 4: Figure S1. Meta-analysis of VRT on other balance
outcomes and falls.

Acknowledgements
Not applicable.

Authors’ contributions

LM and QL contributed to the work equally and should be regarded as co-first
authors. All authors read and approved the final manuscript. LM: conceptual-
ization, methodology, writing—original draft preparation, writing—reviewing
and editing. QL: methodology, writing—original draft preparation, writ-
ing—reviewing and editing. JY1: methodology. SL: writing—original draft
preparation. YG: methodology. JY2: methodology. RCCT: conceptualization,
methodology, writing—reviewing and editing. QW: conceptualization, meth-
odology, writing—reviewing and editing.

Funding
This work was supported by the Key Research Project of Science and Technol-
ogy Department of Sichuan Province (2021YFS0069).

Availability of data and materials

All data generated or analysed during this study are included in this published
article and its supplementary materials.

Declarations

Ethics approval and consent to participate
Not applicable.


https://doi.org/10.1186/s12916-023-03029-9
https://doi.org/10.1186/s12916-023-03029-9

Meng et al. BMC Medicine (2023) 21:322

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Rehabilitation Medicine and Institute of Rehabilitation
Medicine, West China Hospital, Sichuan University, No. 37, Guo Xue Alley,
Chengdu, Sichuan 610041, China. 2Key Laboratory of Rehabilitation Medicine
in Sichuan Province, West China Hospital, Sichuan University, No. 37, Guo
Xue Alley, Chengdu, Sichuan 610041, China. *Department of Rehabilitation
Medicine, Chongging University Three Gorges Hospital, No. 165. Xin Cheng
Road, Chongaing, China. “Department of Rehabilitation Sciences, The Hong
Kong Polytechnic University, No. 11 Yuk Choi Road, Hung Hom, Kowloon,
Hong Kong, China.

Received: 24 June 2023 Accepted: 14 August 2023
Published online: 25 August 2023

References

1. Harris JE, Eng JJ, Marigold DS, Tokuno CD, Louis CL. Relationship of bal-
ance and mobility to fall incidence in people with chronic stroke. Phys
Ther. 2005;85(2):150-8.

2. Mitsutake T, Sakamoto M, Ueta K, Horikawa E. Standing postural stability
during galvanic vestibular stimulation is associated with the motor func-
tion of the hemiplegic lower extremity post-stroke. Top Stroke Rehabil.
2020,27(2):110-7.

3. Mitsutake T, ChudaY, Oka S, Hirata H, Matsuo T, Horikawa E. The control of
postural stability during standing is decreased in stroke patients during
active head rotation. J Phys Ther Sci. 2014,26(11):1799-801.

4. Lacour M, Helmchen C, Vidal PP. Vestibular compensation: the neuro-
otologist’s best friend. J Neurol. 2016;263 Suppl 1:554-64.

5. HanBl, Song HS, Kim JS. Vestibular rehabilitation therapy: review of indi-
cations, mechanisms, and key exercises. J Clin Neurol. 2011;7(4):184-96.

6. McDonnell MN, Hillier SL. Vestibular rehabilitation for unilateral
peripheral vestibular dysfunction. Cochrane Database Syst Rev.
2015;1:.Cd005397.

7. 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):118-77.

8. Martins ECSD, Bastos VH, de Oliveira Sanchez M, Nunes MK, Orsini M,
et al. Effects of vestibular rehabilitation in the elderly: a systematic review.
Aging Clin Exp Res. 2016;28(4):599-606.

9. RicciNA, Aratani MC, Dona F, Macedo C, Caovilla HH, Gananga FF. A
systematic review about the effects of the vestibular rehabilitation in
middle-age and older adults. Rev Bras Fisioter. 2010;14(5):361-71.

10. Kundakci B, Sultana A, Taylor AJ, Alshehri MA. The effectiveness of
exercise-based vestibular rehabilitation in adult patients with chronic
dizziness: a systematic review. F1000Res. 2018;7:276.

11. Tramontano M, Russo V, Spitoni GF, Ciancarelli |, Paolucci S, Manzari L,
et al. Efficacy of vestibular rehabilitation in patients with neurologic disor-
ders: a systematic review. Arch Phys Med Rehabil. 2021;102(7):1379-89.

12. Acarer A, Karapolat H, Celebisoy N, Ozgen G, Colakoglu Z. Is customized
vestibular rehabilitation effective in patients with Parkinson’s? NeuroRe-
habilitation. 2015;37(2):255-62.

13. Garcia-Munoz C, Cortés-Vega M-D, Heredia-Rizo AM, Martin-Valero R,
Garcia-Bernal M-I, 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.

14. Hebert JR, Corboy JR, Manago MM, Schenkman M. Effects of vestibular
rehabilitation on multiple sclerosis-related fatigue and upright postural
control: a randomized controlled trial. Phys Ther. 2011;91(8):1166-83.

15. Murray DA, Meldrum D, Lennon O. Can vestibular rehabilitation exercises
help patients with concussion? A systematic review of efficacy, prescrip-
tion and progression patterns. Br J Sports Med. 2017;51(5):442-51.

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

Page 16 of 17

Tramontano M, Medici A, losa M, Chiariotti A, Fusillo G, Manzari L, et al.
The effect of vestibular stimulation on motor functions of children with
cerebral palsy. Mot Control. 2017;21(3):299-311.

Mitsutake T, Imura T, Tanaka R. The effects of vestibular rehabilitation on
gait performance in patients with stroke: a systematic review of rand-
omized controlled trials. J Stroke Cerebrovasc Dis. 2020;29(11):105214.
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, loannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-anal-
yses of studies that evaluate healthcare interventions: explanation and
elaboration. BMJ. 2009;339:b2700.

Physiotherapy Evidence Database. https://pedro.org.au. Accessed 4 June
2023.

de Morton NA. The PEDro scale is a valid measure of the methodologi-
cal quality of clinical trials: a demographic study. Aust J Physiother.
2009;55(2):129-33.

Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability
of the PEDro scale for rating quality of randomized controlled trials. Phys
Ther. 2003;83(8):713-21.

Balshem H, Helfand M, Schunemann HJ, Oxman AD, Kunz R, Brozek J,

et al. GRADE guidelines: 3. Rating the quality of evidence. J Clin Epide-
miol. 2011;64(4):401-6.

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guide-
lines: 1. Introduction-GRADE evidence profiles and summary of findings
tables. J Clin Epidemiol. 2011;64(4):383-94.

Higgins JP, Li T, Deeks JJ. Choosing effect measures and computing
estimates of effect. In: Higgins J, Thomas J, editors. Cochrane handbook
for systematic reviews of interventions version 6.3. Cochrane; 2022. www.
training.cochrane.org/handbook. Accessed 4 June 2023.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range.
BMC Med Res Methodol. 2014;14:135.

Deeks JJ, Higgins JP, Altman DG, Chandler J, Cumpston M, Li T, et al. Ana-
lysing data and undertaking meta-analyses. In: Higgins J, Thomas J, edi-
tors. Cochrane handbook for systematic reviews of interventions version
6.3. Cochrane; 2022. www.training.cochrane.org/handbook. Accessed 4
June 2023.

Wang Y, Ma L. Effect of vestibular rehabilitation on balance function and
quality of daily life in stroke patients. Shandong: Shandong University

of Chinese Medicine; 2022. (Unpublished dissertation in Chinese with
English abstract).

Correia A, Pimenta C, Alves M, Virella D. Better balance: a randomised
controlled trial of oculomotor and gaze stability exercises to reduce risk
of falling after stroke. Clin Rehabil. 2021;35(2):213-21.

Dai CY, Huang YH, Chou LW, Wu SC, Wang RY, Lin LC. Effects of primary
caregiver participation in vestibular rehabilitation for unilateral neglect
patients with right hemispheric stroke: a randomized controlled trial.
Neuropsychiatr Dis Treat. 2013;9:477-84.

Ekvall Hansson E, Pessah-Rasmussen H, Bring A, Vahlberg B, Persson L.
Vestibular rehabilitation for persons with stroke and concomitant dizzi-
ness - a pilot study. Pilot Feasibility Stud. 2020;6(1):146.

Elhamrawy MY, Mohamed S, Bahnasy W, Saif MY, Elkholy A, Said M. Effect
of vestibular rehabilitation therapy on spatio-temporal gait param-

eters in elderly patients with post-stroke hemineglect. Adv Rehabil.
2021,35(3):17-24.

Mitsutake T, Sakamoto M, Ueta K, Oka S, Horikawa E. Effects of vestibular
rehabilitation on gait performance in poststroke patients: a pilot rand-
omized controlled trial. Int J Rehabil Res. 2017;40(3):240-5.

Huang L, Zhou K, Liang T, Mai W, Wu Y. The effects of vestibular reha-
bilitation on trunk control and balancing capacity in stroke patients
with Pusher syndrome. Article in Chinese. J Guangxi Med University.
2019;36(7):1164-7.

Jiang X. The effects of vestibular rotation combined with rehabilitation
training on balance for hemiplegic stroke patients. Article in Chinese. J
Qilu Nurs. 2012;18(7):33-4.

Li X. Effect of vestibular function training on balance function and three
dimensional kinematics of lower extremities in stroke patients. Article in
Chinese. Chin Med Innov. 2022;19(5):173-6.

Wang Y, Zhang W, Zhong Y. Effect of peripheral vestibule training on
balance function of rehabilitative period of stroke patients. Article in
Chinese. J Chin Rehabil. 2022,;37(08):460-3.


https://pedro.org.au
https://www.training.cochrane.org/handbook
https://www.training.cochrane.org/handbook
https://www.training.cochrane.org/handbook

Meng et al. BMC Medicine (2023) 21:322 Page 17 of 17

37. Xie Z,Cao Q, Deng S, Chen Y. The effect of intensive vestibular rehabilita-
tion training on balance for hemiplegic stroke patients. Article in Chinese.
Chin Manip Rehabil Med. 2017;8(3):17-9.

38. Yao, Liu W.The effect of vestibular rehabilitation training on vertigo and
balance function in patients with posterior circulation strokelation stroke.
Article in Chinese. Chin Manip Rehabil Med. 2021;12(20):54-6,9.

39. ZhaoR, LuJ, Xiao Y, Liu X, Wang Y, Xu G. Effects of gaze stabilization
exercises on gait, plantar pressure, and balance function in post-stroke
patients: a randomized controlled trial. Brain Sci. 2022;12(12):1694.

40. Guo Q, Jiang Y. Effects of enhanced vestibular sensory integration training
on balance in stroke patients. Liaoning: Dalian Medical University; 2022.
(Unpublished dissertation in Chinese with English abstract).

41. Yang L. Effects of vestibulo-ocular reflex training combined with Tetrax
on balance for patients with balance dysfunction after stroke. Article in
Chinese. J Chin Rura Med. 2021;28(18):5-6.

42. Hendricks HT, van Limbeek J, Geurts AC, Zwarts MJ. Motor recovery
after stroke: a systematic review of the literature. Arch Phys Med Rehabil.
2002;83(11):1629-37.

43. Fife TD, Tusa RJ, Furman JM, Zee DS, Frohman E, Baloh RW, et al. Assess-
ment: vestibular testing techniques in adults and children: report of the
Therapeutics and Technology Assessment Subcommittee of the Ameri-
can Academy of Neurology. Neurology. 2000;55(10):1431-41.

44, Wang N, Zhou H, Huang H, Geng D, Yang X, Yu C, et al. Efficacy of SRM-IV
vestibular function diagnosis and treatment system in treating benign
paroxysmal positional vertigo. Iran J Public Health. 2018;47(5):641-7.

45. ZhaoY,Wang L, Li W, Sun Y. The value of high intensity stimulation
training of semicircular canal of SRM-IV vertigo diagnosis and treatment
system in the rehabilitation of vestibular neuritis. Article in Chinese. J Clin
Otorhinolaryngol Head Neck Surg. 2022,36(12):925-9.

46. Lundy-Ekman L. Vestibular and visual systems. In: Lundy-Ekman L, editor.
Neuroscience: fundamentals for rehabilitation. 4th ed. St. Louis: Saunders;
2013. p. 373-405.

47. Joshua AM, Pai S. Vestibular rehabilitation. In: Joshua AM, editor. Physi-
otherapy for adult neurological conditions. Singapore: Springer; 2022. p.
495-538.

48. Lopez C.The vestibular system: balancing more than just the body. Curr
Opin Neurol. 2016;29(1):74-83.

49. zuEulenburg P, Caspers S, Roski C, Eickhoff SB. Meta-analytical definition
and functional connectivity of the human vestibular cortex. Neurolmage.
2012;60(1):162-9.

50. Tramontano M, Bergamini E, losa M, Belluscio V, Vannozzi G, Morone
G. Vestibular rehabilitation training in patients with subacute stroke:

a preliminary randomized controlled trial. NeuroRehabilitation.
2018;43(2):247-54.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Vestibular rehabilitation therapy on balance and gait in patients after stroke: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Search strategy
	Eligibility criteria
	Participants
	Intervention
	Outcome measures

	Study selection and data extraction
	Risk of bias and certainty of evidence evaluation
	Data synthesis and analysis

	Results
	Flow of studies through the review
	Characteristics of studies
	Risk of bias
	Effect of VRT on improving balance
	Effect of VRT on improving gait

	Discussion
	Potential mechanisms of VRT for stroke
	Comparison with other studies
	Implications for clinical practice and research
	Strengths and limitations

	Conclusions
	Anchor 30
	Acknowledgements
	References


