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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% CI (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% CI (0.43, 1.07), p < 0.00001) could significantly improve balance. Four-week 
VRT had better effect on balance improvement (SMD = 0.64, 95% CI (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% CI (−6.65, −1.99), p = 0.0003), particularly for patients after stroke 
that occurred within 6 months (MD =  −3.92, 95% CI (−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 

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 0 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 

calculated for continuous variables. The risk ratio was 
calculated for dichotomous variable. P values less than 
0.05 were considered statistically significant, and 95% CIs 
were reported.

Statistical heterogeneity among studies was evaluated 
by the χ2 test (p = 0.10) and quantified by the I2 statistic 
test. An I2 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.



Page 4 of 17Meng et al. BMC Medicine          (2023) 21:322 

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, 

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
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Table 1 Study characteristic

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, 10MWT 10-m walking test, DGI 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, ASI 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

Study (author, 
year)

Participants Stroke characteristics Outcome measures 
related to balance 
and gaitSize (n) Age (years) Gender (M/F) Duration (days) Type (H/I) Lesion side (L/R) Lesion location

Correia, 2021 [28] E: 33 73.3 ± 6.5 23/10 198.0 ± 77.9 5/28 / / Number of falls, BBS 
and TUG C: 35 73.5 ± 6.2 23/12 178.0 ± 66.6 7/28 / /

Dai, 2013 [29] E: 24 57.2 ± 12.2 16/8 56.9 ± 38.9 / / / Number of falls 
and PASSC: 24 64.5 ± 14.7 12/12 73.9 ± 37.9 / / /

Elhamrawy, 2021 
[31]

E: 16 66.5 ± 3.2 11/5 264.3 ± 46.5 4/12 / / Walking speed, walk-
ing cadence, SL-AS, 
SL-US and step width 
identified by using 
the Microsoft Kinect 
V2

C: 16 68.5 ± 3.8 10/6 260.1 ± 40.8 5/11 / /

Guo, 2022 [40] E: 14 61.07 ± 9.09 8/6 14.2 ± 4.7 6/8 / / BBS, TUG, 10MWT 
(seconds), APDCOPC: 14 62.64 ± 9.19 7/7 15.1 ± 4.7 5/9 / /

Hansson, 2020 [30] E: 19 71.0 ± 11.1 8/11 255.0 ± 327.0 / 11/16 (no paresis: 
5)

/ ABC, BBS and FGA

C: 13 69.0 ± 10.4 5/8 / /

Huang, 2019 [33] E: 20 54.6 ± 8.4 26/14 / 16/24 / / FM-B

C:20 / / /

Jiang, 2012 [34] E: 48 50.7 ± 9.2 59/37 82.5 ± 26.1 / / / FM-B

C: 48 / / /

Li, 2022 [35] E: 42 57.92 ± 2.01 25/17 / 13/29 27/15 / BBS, gait param-
eters (SL-AS, ST-AS 
and SW-AS) assessed 
by the Gait Watch

C: 42 57.34 ± 2.11 24/18 / 11/31 26/16 /

Mitsutake, 2017 
[32]

E: 14 67.6 ± 9.0 11/3 52.4 ± 26.4 / 6/8 Supratentorial/
infratentorial: 10/4

10MWT (m/s), TUG 
and DGI

C: 14 68.1 ± 13.5 11/3 64.1 ± 37.7 / 7/7 Supratentorial/
infratentorial: 10/4

Wang YM, 2022 
[36]

E: 17 66.0 ± 5.4 15/2 76.0 ± 33.9 4/13 5/12 / BBS

C:17 67.8 ± 4.1 14/3 90.8 ± 37.1 2/15 8/9 /

Wang YQ, 2022 [27] E: 28 51.93 ± 8.14 14/14 34.3 ± 21.5 15/13 15/13 / BBA, ABC

C: 27 50.52 ± 9.90 15/12 34.4 ± 22.7 16/11 15/12 /

Xie, 2017 [37] E: 40 54.2 ± 18.9 19/21 42.7 ± 12.0 22/18 / / BBS

C: 40 60.3 ± 12.9 15/25 51.1 ± 8.3 21/19 / /

Yang, 2021 [41] E: 30 60.5 ± 12.8 21/9 75.9 ± 46.0 / 12/18 / BBS, FAC, fall risk 
assessed by TetraxC: 30 61.9 ± 13.3 18/12 80.7 ± 40.6 / 10/20 /

Yao, 2021 [38] E: 24 67.4 ± 5.8 16/8 20.3 ± 2.6 / / / BBS, COP movement 
distance and move-
ment area with EC/
EO

C: 20 66.0 ± 5.2 13/7 19.7 ± 3.1 / / /

Zhao, 2022 [39] E: 20 60.4 ± 12.3 15/5 118.5 ± 69.0 6/14 6/14 Basal ganglia/cer-
ebral hemisphere: 
13/7

BBS, TUG, gait 
parameters (ST-AS, 
ST-US, SW-AS, 
SW-US, ST-ASI, 
SW-ASI, APCOPV-US, 
APCOPV-AS, EEA-EO, 
EEA-EC, PPF-EO 
and PPF-EC) assessed 
by the ODONATE 
gait analysis system

C: 20 54.5 ± 13.9 15/5 100.5 ± 56.1 8/12 9/11 Basal ganglia/cer-
ebral hemisphere: 
12/8
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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. 

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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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

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

Outcomes Effect (95% CI) No. of participants 
(studies)

Certainty of the evidence (GRADE)

Overall effect on balance scales SMD 0.59 (0.40 to 0.78) 708 (13 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

BBS MD 3.08 (1.86 to 4.31) 470 (9 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

FM-B MD 2.74 (1.56 to 3.91) 136 (2 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

ABC MD 7.42 (0.83 to 14.00) 86 (2 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

COP movement area with eyes open MD −0.70 (−2.00 to 0.59) 84 (2 studies)  ⨁⊝⊝⊝
Lowa,b

due to risk of bias, imprecision

COP movement area with eyes closed MD −3.53 (−8.93 to 1.88) 84 (2 studies) ⨁⊝⊝⊝
Very lowa,b,c

due to risk of bias, inconsistency, imprecision

Number of falls RR 0.28 (0.05 to 1.73) 116 (2 studies)  ⨁⨁⊝⊝
Lowb,d

due to risk of bias, imprecision

Patients with various stroke duration SMD 0.50 (0.27 to 0.74) 516 (10 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

 Within 6 months SMD 0.56 (0.33 to 0.79) 484 (9 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

 Within 3 months SMD 0.65 (0.36 to 0.94) 206 (4 studies) ⨁⨁⨁⊝
Moderatee

due to risk of bias

Various types of VRT SMD 0.59 (0.40 to 0.78) 708 (13 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

 GSE or eye-head movements SMD 0.40 (0.17 to 0.63) 298 (6 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

 Vestibular sensory stimulation conducted by head 
movements

SMD 0.75 (0.43 to 1.07) 158 (3 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

 GSE combined with swivel chair training SMD 0.85 (0.48 to 1.22) 124 (2 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

Various intervention duration of VRT SMD 0.59 (0.40 to 0.78) 708 (13 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

 Less than 4 weeks SMD 0.50 (0.15 to 0.85) 130 (3 studies) ⨁⨁⨁⊝
Moderated

due to risk of bias

 4 weeks SMD 0.64 (0.40 to 0.89) 462 (8 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

 More than 4 weeks SMD 0.42 (−0.50 to 1.33) 116 (2 studies) Very lowa,b,c

due to risk of bias, inconsistency, imprecision
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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 

CI 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
a Lack of allocation concealment
b Wide 95% CI of pooled effect
c Statistical heterogeneity across studies
d Lack of allocation concealment and failure to consider the intention to treat principle
e Lack of allocation concealment and adequate follow-up

Table 3 (continued)
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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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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, 10MWT 10-m walking test
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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. 

Table 4 Summary of findings of gait and certainty of evidence assessment

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

CI 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, 10MWT 10-m walking test
a Lack of allocation concealment and failure to consider the intention to treat principle
b Lack of allocation concealment and adequate follow-up
c Lack of allocation concealment and between-groups comparison
d Statistical heterogeneity across studies
e Wide 95% CI of pooled effect
f Lack of allocation concealment

Outcomes Effect (95% CI) No. of 
participants 
(studies)

Certainty of the evidence (GRADE)

Various intervention duration of VRT on TUG MD −4.32 (−6.65 to −1.99) 164 (4 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

 Less than 4 weeks MD −4.71 (−7.16 to −2.26) 124 (3 studies) ⨁⨁⨁⊝
Moderatea

due to risk of bias

VRT on TUG in patients with stroke occurred 
within 6 months

MD −3.92 (−6.83 to −1.00) 96 (3 studies) ⨁⨁⨁⊝
Moderateb

due to risk of bias

SL-AS MD 2.33 (1.19 to 3.47) 116 (2 studies) ⨁⨁⨁⊝
Moderatec

due to risk of bias

ST-AS SMD −0.36 (−0.98 to 0.26) 124 (2 studies) ⨁⊝⊝⊝
Very lowd,e,f

due to risk of bias, inconsistency, imprecision

SW-AS SMD 0.44 (−0.48 to 1.37) 124 (2 studies) ⨁⊝⊝⊝
Very lowd,e,f

due to risk of bias, inconsistency, imprecision

10MWT SMD −0.44 (−1.61 to 0.74) 56 (2 studies) ⨁⊝⊝⊝
Very lowb,d,e

due to risk of bias, inconsistency, imprecision



Page 15 of 17Meng et al. BMC Medicine          (2023) 21:322  

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.

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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