
Review

Combined Immersive and Nonimmersive Virtual Reality With
Mirror Therapy for Patients With Stroke: Systematic Review
and Meta-Analysis of Randomized Controlled Trials

Chaoran Gao1,2*, MPT; Yuan Chen3*, PhD; Yixin Wei1,2, MPT; Yitong Qiu1,2, MPT; Huiyan Song1,2, MPT, DPT;
Chenfan Gui1,2, MPT, DPT; Qiang Gao1,2, Prof Dr, PhD
1Department of Rehabilitation Medicine, West China Hospital, Sichuan University, Chengdu, China
2Key Laboratory of Rehabilitation Medicine in Sichuan Province, West China Hospital, Sichuan University, Chengdu, China
3Department of Pharmacy, Evidence-Based Pharmacy Center, West China Second Hospital, Sichuan University, Chengdu, China
*these authors contributed equally

Corresponding Author:
Qiang Gao, Prof Dr, PhD
Department of Rehabilitation Medicine, West China Hospital
Sichuan University
37 Guoxue Alley
Chengdu 610041
China
Phone: 86 18980605992
Email: gaoqiang_hxkf@163.com

Abstract
Background: Stroke frequently leads to various functional impairments. Both virtual reality (VR) and mirror therapy (MT)
have shown efficacy in stroke rehabilitation. In recent years, the combination of these 2 approaches has emerged as a potential
treatment for patients with stroke.
Objective: This study aimed to evaluate the efficacy of combined immersive and nonimmersive VR with MT in stroke
rehabilitation.
Methods: Five electronic databases were systematically searched for relevant papers published up to January 2025. Random-
ized controlled trials (RCTs) that investigated the combination treatment of VR and MT for patients with stroke were included.
A gray literature search was also conducted. The risk of bias and the certainty of the evidence were assessed using the
Cochrane Collaboration’s tool and the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
guidelines, respectively.
Results: A total of 475 patients from 14 RCTs were included, of which 7 were eligible for meta-analysis. Meta-analysis
revealed significant improvements in upper extremity (UE) motor function and hand dexterity, as evidenced by the Fugl-Meyer
Assessment–Upper Extremity (FMA-UE; mean difference, MD 3.50, 95% CI 1.47 to 5.53; P=.<001), the manual function test
(MD 2.15, 95% CI 1.22 to 3.09; P<.001), and the Box and Block Test (MD 1.09, 95% CI 0.14 to 2.05; P=.03). Subgroup
analyses based on disease duration (>6 months or not) revealed significant differences in the FMA-UE outcome. However, the
pooled FMA-UE improvement did not consistently exceed the established minimal clinically important difference (4.25‐7.25),
indicating that while statistically significant, the clinical significance of the observed effect remains uncertain. Narrative
evidence also suggested potential benefits for lower extremity function, dynamic balance, and quality of life, though these
findings were not meta-analyzed and should be interpreted with caution.
Conclusions: Moderate-quality evidence supports combined VR and MT as a promising nonpharmacological intervention to
improve upper extremity function and hand dexterity in stroke rehabilitation. While the intervention demonstrates statistically
significant effects, it does not reach the minimum clinically important difference for the FMA-UE outcome. Preliminary
descriptive evidence indicates possible advantages for lower extremity function, balance, and quality of life.
Trial Registration: PROSPERO CRD42024572150; https://www.crd.york.ac.uk/PROSPERO/view/CRD42024572150
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Introduction
Background
Stroke is one of the leading causes of disability, significantly
impairing patients’ quality of life (QoL) [1]. It can lead to a
range of functional impairments, including motor dysfunction
[2], cognitive dysfunction [3], and speech dysfunction [4].
Given the global prevalence and profound impact of stroke
[5], there is an urgent need to improve health care services
and rehabilitation strategies.

Mirror therapy (MT) is a rehabilitation method based on
the theory of “mirror neurons,” which are activated both
when individuals execute a given motor action and when
they merely observe others performing the identical action
[6]. First demonstrated by Ramachandran in the 1990s, MT
was initially used for the treatment of phantom limb pain
[7] and hemiparesis [8]. Subsequently, MT has been widely
adopted in stroke rehabilitation. Several systematic reviews
and meta-analyses have demonstrated the efficacy of MT in
enhancing upper extremity (UE) and lower extremity (LE)
motor function, balance, gait, pain, and activities of daily
living (ADL) [9-11]. In addition, MT has also been shown
to be effective in promoting cognitive and speech function
recovery [12,13]. Consequently, MT can be considered a
complementary treatment to conventional therapy for patients
with stroke.

With advancements in technology, virtual reality (VR)
has emerged as a prevalent therapeutic approach in stroke
rehabilitation, owing to its potential to enhance patient
motivation, adaptability, and variability based on patient
baseline, as well as to reduce medical costs [14]. Simi-
lar to MT, VR therapy has been shown to improve UE
gross motor function and independence in daily life [15].
It has also demonstrated benefits for LE motor function,
balance, gait, and cognition [16] in patients with stroke.
The mechanisms of VR effects in stroke rehabilitation are
related to VR-induced changes in neural plasticity and the
positive correlations between neural plasticity changes and
functional recovery [17]. In stroke rehabilitation, VR systems
are generally classified into 2 types: immersive virtual reality
(IVR) and nonimmersive virtual reality (NIVR). NIVR is
typically experienced in a 2D environment and presented
via devices such as computer screens or gaming consoles
[18]. Users interact with the displayed environment using
input devices such as a mouse, joysticks, CyberGloves,
CyberGrasps, or force sensors [19]. An IVR system typically
includes a head-mounted display and 3D interaction devices
(eg, VR controllers or motion-tracking gloves) that enable
users to engage with the virtual environment. Unlike NIVR,
IVR offers a fully immersive experience, allowing users to
interact dynamically with the virtual environment—a defining
feature of immersive VR technologies [20].

Recent research suggests that combining VR and MT
may offer additional benefits in stroke rehabilitation. For
instance, Okamura et al have demonstrated that this combined

therapy can significantly improve UE function following
a stroke [21]. Although several reviews have confirmed
the effectiveness of MT or VR in stroke rehabilitation,
fewer have investigated the synergistic effects of combin-
ing these 2 approaches. Moreover, many of these reviews
have experienced methodological shortcomings, such as the
direct analysis of postintervention data rather than changes
from pre- to post-intervention, which may lead to biased
conclusions. In response to these limitations, we undertook
this systematic review and meta-analysis. In this study, we
defined the combination treatment of VR and MT as VR-
based MT, referring to the integration of core MT princi-
ples (eg, symmetrical movement observation via a mirror or
mirrored virtual images) into VR platforms. Furthermore, we
also included studies that applied VR and MT sequentially,
such as those administering VR interventions followed by MT
sessions.
Objective
Based on this background, the overall objective of this
study was to evaluate the efficacy of combining immersive
and nonimmersive VR with MT as a rehabilitation strategy
for patients with stroke. We hypothesized that a systematic
review and meta-analysis of RCTs would yield robust and
comprehensive evidence supporting the efficacy of combined
VR and MT in stroke rehabilitation.

Methods
Overview
This systematic review adhered to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses) guidelines [22]. The review protocol was prospectively
registered in the PROSPERO database (CRD42024572150).
Search Strategy
The literature search was conducted across the scientific
databases PubMed, Embase, Web of Science, Cochrane, and
Scopus up to January 2025. No language or publication date
filters were applied during the search. Keywords and Medical
Subject Headings descriptors, including “stroke,” “virtual
reality,” and “mirror therapy,” combined using Boolean
operators “AND” and “OR,” were used to structure the
search strategy, which is detailed in Multimedia Appendix
1. An additional search of the gray literature was conducted
using Google Scholar, ProQuest Dissertations and Theses, the
Bielefeld Academic Search Engine, and the China National
Knowledge Infrastructure on the same day. No restrictions on
language or publication date were applied.
Inclusion and Exclusion Criteria
The PICOS (population, intervention, comparison, outcome,
and study design) framework [23] was used to delineate
the inclusion criteria: (1) patients diagnosed with stroke
(population); (2) the combination of VR and MT, defined
as integrating core principles of MT into the VR platform
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or applying VR and MT sequentially. The VR interven-
tion includes 2 main forms: IVR and NIVR. No restric-
tions were applied regarding specific VR platforms or MT
setups (intervention); (3) any other therapy or control group,
including MT alone, sham therapy, occupational therapy
(OT), and conventional therapy (comparison); (4) stroke-rela-
ted outcomes assessed at pre- and post-intervention time-
points, such as UE and LE motor function, hand dexterity,
and balance (outcome); and (5) randomized controlled trials
(RCTs) (study design).

Exclusion criteria for this review included: (1) the
presence of comorbidities in patients; (2) studies that did not
report mean and SD values of outcome changes required for
effect size calculations; (3) data could not be imputed based
on the information available in the publication; (4) data not
obtainable within 1 month of contacting the corresponding
authors; or (5) review studies, case reports, or abstracts.

Study Selection
Two reviewers independently executed the search, adher-
ing to the PRISMA guidelines throughout the entire screen-
ing and selection procedure. Discrepancies were resolved
through consultation with a third reviewer. The screening and
selection process comprised the following stages: (1) removal
of duplicate records, (2) screening titles and abstracts for
relevance, and (3) full-text review of the remaining studies
to determine their eligibility based on the predetermined
inclusion or exclusion criteria.

Data Extraction
Data extraction was conducted in accordance with the
PRISMA guidelines by 2 independent reviewers. The
following data were extracted from each paper: author,
publication year, sample size, patient characteristics (sex, age,
and disease duration), intervention details (type, duration, and
frequency), and stroke-related outcomes related to stroke (eg,
UE and LE motor function, hand dexterity, and balance). For
some trials (eg, Choi et al [24], Hsu et al [25], Jo et al [26]
that included multiple intervention arms, we selected the MT
group as the control group, since all these studies used this
control measure. Should conflicts arise, a third reviewer was
involved to resolve them. In cases where data were insuffi-
cient, the corresponding author was contacted via email to
request additional information.

Assessment of Risk of Bias and Certainty
of Evidence
The risk of bias in the included trials was assessed using
the Cochrane Collaboration tool focusing on the following
domains: random sequence generation, allocation conceal-
ment, blinding of participants and health care providers,
blinding of outcome assessors, incomplete outcome data,
selective reporting, and other sources of bias, including
significant differences between study groups at baseline
and different intervention durations between study groups
[27]. The Review Manager software (RevMan version 5.4;
The Cochrane Collaboration) was used for this review. The
software provides a structured description and assessment for

each item, with predefined responses that categorize the risk
of bias as low (indicated by “yes”), high (indicated by “no”),
or unclear (indicating a lack of information or uncertainty
regarding potential bias). The assessment was conducted by
2 independent authors, and any discrepancies were addressed
by a third reviewer to mediate conflicts as they arose.

The Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) approach was used by 2
independent reviewers to assess the certainty of the evidence.
The GRADE approach is a widely recognized tool for grading
evidence certainty in systematic reviews and clinical practice
guidelines. It categorizes evidence certainty into 4 levels:
“very low,” “low,” “moderate,” or “high,” each determined
by specific criteria [28]. Factors that may diminish evi-
dence certainty (eg, risk of bias, inconsistency, indirectness,
imprecision, and publication bias) as well as those that
may enhance it (eg, large effect, plausible confounding, and
dose-response) were evaluated [29]. In the event of discrep-
ancies in the certainty ratings among the reviewers, a third
reviewer was consulted.
Data Analysis
Outcomes were included in the meta-analysis if they were
reported in more than 2 trials. Statistical analysis and
the generation of forest plots for result visualization were
performed using RevMan. Relevant statistical measures,
including means and SDs of differences between pre- and
post-intervention and sample sizes, were extracted and then
imported into RevMan. For studies that reported only pre- and
post-intervention means and SDs, the mean and SD of the
change scores were calculated as follows:

Meanchange=Meanpost − MeanpreSDchange = SDpre2 +  SDpost2 −  2  ×  r  ×  SDpre ×  SDpost
where r is the correlation coefficient between pre- and

post-intervention values. If the correlation was not available
in the original publication, a value of r=0.5 was assumed
according to the Cochrane Handbook for Systematic Reviews
of Interventions [30].

For studies reporting medians and IQRs, the data were
transformed into means and SDs as follows: (1) mean =
median and (2) SD = IQR/1.35 [31]. Mean differences
(MDs) were used as effect sizes because the included studies
applied the same or similar outcome measures with con-
sistent units, with 95% CIs reported. Standardized mean
differences were not used. The inverse variance method
was applied for continuous variables. Heterogeneity among
the trials was evaluated through the chi-square test and I2

statistics, with thresholds of 25%, 50%, and 75% defining
low, moderate, and high levels of heterogeneity, respec-
tively [32]. A fixed-effects model was adopted to estimate
the pooled effect size. In cases of substantial heterogene-
ity (I²>50%), a random-effects model was used. Subgroup
analyses were performed to investigate potential associations
between outcomes and disease durations. Outliers in the
meta-analysis were identified using studentized leave-one-
out sensitivity analyses [33]. The Egger regression test was
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used to measure the possibility of publication bias, with
2-tailed P values of <.05 indicating potential publication bias
[34]. Sensitivity analyses and the Egger regression test were
performed using Stata (version 17; StataCorp LLC).
Ethical Considerations
This study is a systematic review and meta-analysis based
on previously published studies. No new patient data were
collected, and no human participants were directly involved.
Therefore, institutional review board approval and informed
consent were not required. The review process adhered to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines, and the study protocol was
prospectively registered in PROSPERO. All included studies
were cited appropriately, and no conflicts of interest were
reported that could have influenced the conduct of this
review.

Results
Study Selection Process
The initial literature search yielded 364 papers, of which 136
(37.4%) were duplicates and excluded. From the remaining
228 papers after excluding duplicates, 205 (89.9%) were
removed because they were irrelevant to the study objectives.
After further exclusion of 12 nonRCTs and 1 duplicate study,
a total of 11 RCTs were included in the current systematic
review [24-26,35-42]. In addition, 3 RCTs were identified
through gray literature searching [43-45]. Figure 1 shows the
study selection process and reasons for exclusion.

Figure 1. Study selection process. BASE: Bielefeld Academic Search Engine; CNKI: China National Knowledge Infrastructure; MT: mirror therapy;
RCT: randomized controlled trial; VR: virtual reality.

Characteristics of the Included Trials
The 14 RCTs [24-26,35-45] included in the review were
all published in English, spanning from 2012 [35] to 2024
[26]. These trials were conducted across Asia (China [25,37,
38,43,44] and the Republic of Korea [24,26,35,42], North
America (the United States [36]), and Europe (Romania [39],
the United Kingdom [40], Poland [41], and Liechtenstein
[45]), involving a total of 475 participants (experimental
group: n=244, 51% and control group: n=231, 49%). Among
the included studies, Morgenstern [45] reported the highest
number of participants (n=80), while Strong et al [40] had the
smallest sample size (n=7). The detailed characteristics of the
included trials are shown in Table 1.
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Risk of Bias and Certainty of Evidence
Figures 2 and 3 collectively summarize the risk of bias
assessment for the included RCTs, providing both global and
individual evaluations for each study. Individual assessments
(as shown in Figure 2) revealed that the study by Bullock et

al [36] exhibited the lowest risk of bias, while the study by
Lin et al [37] presented the highest risk of bias. The greatest
risk was noted in the “blinding of participants and personnel”
category, which falls under performance bias.

Figure 2. Risk of bias of the studies included in the systematic review [24-26,35-45].
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Figure 3. Overall risk of bias, presented as percentage with each category.

Using the GRADE guideline, moderate-quality evidence
was found for improvements in UE motor function (Fugl-
Meyer Assessment–Upper Extremity [FMA-UE] and manual
function test [MFT]) and hand dexterity (Box and Block Test
[BBT]). These findings suggest that the true effect is probably
similar to the estimated effect. Detailed GRADE assessments
are shown in Multimedia Appendix 2. Agreement between
the authors was 100% at each stage.
Synthesis of Results and Meta-Analysis
Of the 14 RCTs, 7 (50%) [24-26,35,37,38,44] with 209
participants (VR+MT: 108 and other treatment: 101) were

included in the meta-analysis. The study by Sip et al [41] was
not included because the reported FMA-UE (total) results in
the experimental group exceeded 66 in both preintervention
and postintervention assessments. A low degree of heteroge-
neity (I2<50%) was observed across outcomes in the meta-
analysis. The main findings of the meta-analysis are shown in
Table 2.

Table 2. Main meta-analysis findings.

Outcome Number of included studies Heterogeneity test Statistical model MDa (95% CI) z score P value
Egger test, P
value

FMA-UEb (total) 6 Low Fixed effects 3.50 (1.47 to 5.53) 3.39 .0007 .94
MFTc 3 Low Fixed effects 2.15 (1.22 to 3.09) 4.51 <.00001 .85
BBTd 3 Low Fixed effects 1.09 (0.14 to 2.05) 2.24 .03 .60

aMD: mean difference.
bFMA-UE: Fugl-Meyer Assessment–Upper Extremity.
cMFT: manual function test.
dBBT: Box and Block test.

Effects on UE Motor Function (FMA-UE
and MFT)
A total of 6 RCTs (43%) [25,26,35,37,38,44] with 185
participants (VR+MT: 96 and other treatment: 89) were
included in the FMA-UE (total) analysis, and 3 RCTs (21%)
[24,26,35] with 73 participants (VR+MT: 38 and other

treatment: 35) were included in the MFT analysis. Compared
with other treatments, the use of combined therapy was
associated with significant improvements in FMA-UE (MD
3.50, 95% CI 1.47 to 5.53; P=.<0007) and MFT (MD 2.15,
95% CI 1.22 to 3.09; P<.00001). The forest plots are shown
in Figures 4 and 5. No publication bias was observed in the
analysis.
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Figure 4. Forest plot for Fugl-Meyer Assessment–Upper Extremity (FMA-UE; total). IV: inverse variance; MT: mirror therapy; VR: virtual reality
[25,26,35,37,38,44].

Figure 5. Forest plot for manual function test (MFT). IV: inverse variance; MT: mirror therapy; VR: virtual reality [24,26,35].

A review of 2 RCTs (14%) [25,37] indicates variable
improvements across subdomains of the FMA-UE in patients
with chronic stroke. Hsu et al [25] reported significant
improvements in the shoulder, elbow, and forearm (P=.006),
wrist (P=.002), hand (P<.001), and coordination (P<.001)
subscores in the virtual reality-mirror therapy (VR-MT)
group compared with baseline. In addition, the VR-MT
group showed significantly greater improvement in the hand
subscore (P=.01) compared to traditional MT. Complemen-
tarily, Lin et al [37] also found that the participants receiving
VR-MT achieved greater improvement in the hand section of
the Fugl-Meyer Assessment (P=.008) compared to the MT

group. These findings collectively support the notion that
VR-MT is particularly beneficial for enhancing performance
in the hand subdomain of the FMA-UE.
Effects on Hand Dexterity (BBT)
Three RCTs (21%) [25,26,35] with 84 participants (VR+MT:
44 and other treatment: 40) assessed hand dexterity using the
BBT. Compared with other treatments, the use of combined
therapy was associated with significant improvements in hand
dexterity (BBT; MD 1.09, 95% CI 0.14 to 2.05; P=.03). The
forest plot is shown in Figure 6. No publication bias was
observed in the analysis.

Figure 6. Forest plot for Box and Block Test. IV: inverse variance; MT: mirror therapy; VR: virtual reality [25,26,35].

Effects on Lower Extremity Motor
Function (Fugl-Meyer Assessment–Lower
Extremity)
Current evidence from 2 RCTs (14%) [39,43] indicates
that VR combined with MT exerts a significant positive
effect on LE motor recovery in stroke survivors, as reflec-
ted by improvements in the Fugl-Meyer Assessment–Lower
Extremity (FMA-LE). In the study by Miclaus et al [39],

the VR-MT group exhibited significantly greater improve-
ments in FMA-LE scores, both within the group (P<.001)
and in comparison to the control group receiving alternative
therapy (P<.001). A similar trend was observed in Xu’s
study [43], which reported statistically significant improve-
ments in FMA-LE scores following VR-MT intervention
(P<.01), and further demonstrated that VR-MT was signifi-
cantly more effective than MT alone (P<.01). Taken together,
these findings support the integration of VR-MT into LE
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rehabilitation programs as a promising strategy to enhance
motor recovery in individuals post stroke.
Effects on Dynamic Balance (Berg
Balance Scale, Timed Up and Go Test,
and Functional Reach Test)
Three RCTs (21%) [39,42,43] assessed the dynamic balance
ability of patients with poststroke using the Berg Balance
Scale (BBS), Timed Up and Go Test (TUGT), or Functional
Reach Test (FRT). In a study by In et al [42], the effects
of VR-MT were compared with those of a placebo interven-
tion in patients with stroke. The results showed significant
improvements in BBS scores in both the VR-MT and control
groups postintervention, with the VR-MT group demonstrat-
ing significantly greater gains (P<.05). Compared to baseline,
the VR-MT group exhibited significant improvements in
both FRT and TUGT scores (P<.05), whereas no significant
changes were observed in the control group. Furthermore, the
VR-MT group demonstrated superior performance in both
FRT and TUGT compared to the control group (P<.05).
Similarly, an RCT conducted by Xu [43] found that patients
with stroke receiving the combined therapy showed signif-
icant improvements, with BBS scores increasing (P<.01)
and TUGT scores decreasing (P<.01) posttreatment. Both
scores were significantly better than those of patients who
received MT alone (P<.01). In addition, Miclaus et al [39]
reported that the VR-MT intervention significantly improved
FRT scores (P<.001), with outcomes significantly superior
to those achieved through standard physiotherapy (P=.001).
In conclusion, VR-MT demonstrates superior efficacy in
improving dynamic balance compared to other interven-
tions, underscoring its potential as an effective rehabilitation
strategy for patients with stroke.
Effects on Activity of Daily Living (Barthel
Index and Functional Independence
Measure)
Two studies (14%) [38,39] investigated the effect of a
combination of VR and MT in improving ADL in patients

with poststroke conditions. In the study by Mekbib et al [38],
a fully immersive VR intervention combined with MT led
to significant improvements in the Barthel Index (P=.011),
indicating enhanced independence in ADL. However, no
significant differences were observed when comparing the
VR-MT group to the OT group (P=.193). In contrast,
Miclaus et al [39] found that VR-MT resulted in nonsigni-
ficant postintervention changes in Functional Independence
Measure scores relative to baseline (P≥.99). Overall, although
the combination of VR and MT shows potential in improving
ADL performance among patients with poststroke conditions,
the current evidence remains limited and inconsistent.
Effects on QoL (Short-Form 8 and 36-
Item Short Form Survey)
As a result of measuring the QoL using Short-Form 8 in
a study by Choi et al [24], a significant improvement was
found in the conventional MT and VR-MT groups after the
intervention (P<.05), with comparable efficacy. In a study by
Sip et al [41], the VR-MT group demonstrated significant
improvements in 36-Item Short Form Survey questionnaire
scores (P=.001), which were notably superior to those of the
control group (P<.05).
Subgroup Analyses
Regarding the FMA-UE (total) outcome, significant
improvements were observed in the disease duration >6
months subgroups (MD 6.34, 95% CI 2.85 to 9.83; P=<.001).
However, no significant improvements were observed in the
disease duration <6 months subgroups (MD 2.05, 95% CI
−0.44 to 4.54; P=.11). The forest plot is shown in Figure 4.
The findings of subgroup analyses are shown in Table 3.

Table 3. Findings of subgroup analyses according to different disease duration.
Outcome Included studies, n Heterogeneity test Statistical model MDa (95% CI) z score P value
FMAb-UEc (total)
  >6 months 3 Low Fixed effects 6.34 (2.85 to 9.83) 3.56 .0004
  <6 months 3 Low Fixed effects 2.05 (−0.44 to 4.54) 1.62 .11

aMD: mean difference.
bFMA: Fugl-Meyer Assessment.
cUE: upper extremity.

Sensitivity Analyses
Sensitivity analyses, conducted by sequentially omitting
individual studies, showed that the pooled effects for
FMA-UE (total), MFT, and BBT remained statistically

significant across most iterations, indicating a relatively high
degree of robustness. The results of sensitivity analyses are
shown in Figures 7 and 8 and Multimedia Appendix 3.
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Figure 7. Sensitivity analyses for the total Fugl-Meyer Assessment–Upper Extremity (FMA-UE) score [25,26,35,37,38,44].

Figure 8. Sensitivity analyses for the manual function test (MFT) [24,26,35].

Discussion
Principal Findings
This systematic review investigated the effectiveness of
VR-MT in treating patients post stroke using 14 RCTs.

Among them, 6 studies [25,26,36-38,41] used IVR, while
other studies [24,35,39,40,42-44] used NIVR. Various VR
productions were used, including VR goggles from Oculus
(Meta) [25,37,41], HTC Vive series productions (HTC) [36,
38], Leap Motion Controller (Ultraleap) [24,25,37,38], Kinect
sensor (Microsoft) [39], Pico head-mounted display (Pico)
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[26], and VR controller “etee” (TG0) [40]. Most studies [24-
26,35-38,40-42,44,45] integrated VR with MT into a single
intervention system, while only 2 studies [39,43] applied
them separately.

The study by Lin et al [37] had the highest risk of bias.
Performance bias, particularly in participant and person-
nel blinding, was the most common issue, highlighting a
challenge in rehabilitation research where double-blinding is
not feasible due to the nature of interventions [46]. Some
studies suggest that double blinding may not be necessary for
trials in real-life settings [47].

Although the pooled analyses showed a low degree of
heterogeneity across outcomes (I²<50%), this consistency
should be interpreted with caution. The included studies
varied in terms of VR system types (immersive vs non-
immersive), intervention durations, frequencies, and patient
characteristics such as age and stroke chronicity. Several
factors may help explain the observed homogeneity. First,
most studies used comparable outcome measures, such as
FMA-UE and BBT, which reduce variability arising from
measurement tools. Second, despite differences in specific
implementations, all interventions shared core therapeutic
components—namely, the integration of VR with MT—
which may contribute to similar underlying mechanisms of
action, particularly in activating the mirror neuron system and
facilitating motor relearning. Third, the intervention durations
and session frequencies across studies were within a relatively
narrow range, which may further minimize variance. In
addition, it is important to consider that the limited number of
studies included in each analysis reduces the statistical power
to detect between-study heterogeneity.

The different VR-MT formats (IVR vs NIVR and
integrated vs sequential VR-MT) may affect interpretation
and generalizability. IVR may offer more significant effects
on neural plasticity, while NIVR might impact patient
engagement differently. Integrated VR-MT, where both
therapies are combined in a single session, may provide
a more cohesive therapeutic experience, while sequential
VR-MT may offer distinct benefits by alternating between the
2 therapies. Future studies should standardize these interven-
tion formats to assess their clinical impact more reliably. In
addition, heterogeneity may affect evidence certainty ratings,
especially with varying VR platforms and MT methods.

It is also important to note that the comparator inter-
ventions among the included studies were heterogeneous,
encompassing MT alone, OT, conventional rehabilitation,
and sham interventions. This variability in control conditions
may have introduced inconsistencies in treatment effects,
potentially contributing to the observed heterogeneity in some
pooled estimates. For instance, comparisons against sham
interventions might yield larger effect sizes than those against
active rehabilitation controls such as OT. While stratified
meta-analysis by comparator type was not feasible due to the
limited number of studies in each subgroup, this heterogene-
ity should be considered when interpreting the findings. The
pooled estimates should therefore be understood as reflecting
an average effect across diverse control conditions.

While moderate-quality evidence supports the combina-
tion of VR and MT as a beneficial approach for improving
UE motor function and hand dexterity, the certainty of the
evidence was downgraded due to factors such as imprecision
and risk of bias. Specifically, in the subgroup analysis of
patients with different disease durations, the evidence was
downgraded to low quality due to wide CIs. Furthermore, the
risk of bias in several studies, especially in terms of partic-
ipant blinding, introduces additional uncertainty regarding
the robustness of the findings. These limitations should be
considered when interpreting the results, and future studies
with larger sample sizes and more rigorous designs are
needed to confirm these findings.
Effects on UE Motor Function (FMA-UE
and MFT)
Our study revealed significant improvements in UE motor
function, as measured by FMA-UE and MFT. The Fugl-
Meyer Assessment is a clinically validated, feasible, and
effective method for evaluating motor function in people
who have experienced a stroke [48]. The MFT comprises
4 items each for the shoulder and hand, thereby reflect-
ing UE function poststroke [49], and there is evidence of
strong correlations between MFT and FMA-UE [50,51].
One plausible explanation for these findings is the reversal
of “learned paralysis.” Stroke-induced paralysis is primarily
attributed to irreversible damage to the internal capsule.
Swelling and edema of the white matter cause disruptions
of cortical function, leading to a form of “learned paraly-
sis” that persists even after the swelling and edema resolve.
Mirror-induced visual feedback may create an illusion of
normal movement in the paralyzed limb. This realignment
of vision with motor intention might help reverse “learned
paralysis” caused by disrupted sensorimotor loops post stroke
[52]. Simultaneously, VR has been shown to induce cortical
reorganization [53], which could effectively prevent the
disruption of cortical function and reverse “learned paralysis.”

The second possible mechanism involves the activation of
mirror neurons. Mirror neurons, located in the frontal and
parietal lobes, may be activated during both action execution
and observation and are involved in integrating multimodal
inputs such as visual stimuli, motor commands, and proprio-
ceptive feedback [54]. Following a stroke, residual mirror
neurons may remain viable but functionally dormant, falling
below the activation threshold [52]. MT, however, might
provide congruent visual input that stimulates these neurons,
thereby reactivating downstream motor pathways [55]. In
addition, the VR environment could further activate key
regions of the mirror neuron system, enhancing functional
connectivity between these areas and the sensorimotor cortex
[56].

The last explanation is that both VR and MT might
facilitate motor relearning. Virtual and mirror environments
provide visual feedback, which may aid in motor skill
acquisition [57,58]. In addition, while MT has been validated
as a beneficial rehabilitation strategy, it confines patients to
a limited motor area. Conversely, VR offers a significantly
larger space [59], allowing us to conceptualize its combined
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use as a more comprehensive and effective “mirror” for
rehabilitation.

Beyond these mechanistic considerations, VR has also
been consistently recognized in the rehabilitation literature
for its ability to increase patient engagement and motivation,
which are critical determinants of adherence and long-term
functional outcomes. VR-supported protocols often incor-
porate gaming features and adaptive levels of challenge,
which provide real-time feedback and sustain user interest
[60-63]. These characteristics help patients avoid boredom
or frustration, thereby enhancing concentration, training
intensity, and adherence to therapy [64,65]. These established
benefits may further explain why the combination of VR with
MT yields superior improvements in upper limb function.

Nonetheless, the pooled effect size for the FMA-UE fell
below the previously proposed minimal clinically important
differences range of 4.25‐7.25 points for FMA-UE in patients
with stroke [66], suggesting that these improvements should
be interpreted with caution. The main reasons may include
insufficient intervention dosage and follow-up, high patient
heterogeneity, inadequate sensitivity of FMA-UE, and effect
dilution due to a small sample size. Future high-quality RCTs
with larger sample sizes, longer intervention and follow-up
periods, and stratified designs (grouped by stroke severity or
time since onset) are needed to verify whether it can make a
clinical breakthrough at a meaningful level.
Effects on Hand Dexterity (BBT)
Our study findings suggest that combined therapy can lead
to enhancements in hand dexterity (measured by BBT).
The BBT is a standardized assessment tool that measures
unilateral gross manual dexterity and is extensively used
in clinical settings across diverse populations, including
older adults and individuals with neurological disorders [67].
Beyond the explanations previously provided, additional
factors contribute to this outcome. In VR-supported MT,
the interaction with virtual objects typically necessitates
the application of manual motor skills to manipulate and
move these objects, thereby engaging individuals in dexterity
exercises.
Subgroup Analysis of the Effects of
Combined Therapy
Subgroup analysis revealed a trend based on disease duration:
patients with poststroke duration >6 months exhibited greater
improvements in UE motor function assessed by FMA-UE.
This might be because chronic-phase patients rely more
on subcortical and contralesional compensatory mechanisms
[68,69]. In the chronic phase, motor recovery, being less
dependent on corticospinal integrity [70], may benefit more
from task-oriented, repetition-based interventions [71], which
are enhanced by VR-MT protocols, since they provide
enriched multisensory feedback and facilitate high-repetition
training [57,72]. These findings underscore the importance of
individualizing rehabilitation strategies based on poststroke
duration to optimize functional outcomes.

Limitations
Several limitations of this review should be acknowledged.
The small sample sizes of individual studies may have limited
the generalizability of the findings. In addition, several
subgroup analyses were based solely on data from single
studies, which further limited generalizability and compli-
cated interpretation. Although presented for completeness,
these results should be considered primarily descriptive or
hypothesis-generating, rather than inferential.

Furthermore, the optimal duration and frequency of the
combined VR-MT intervention could not be adequately
evaluated due to the limited number of eligible studies.
Beyond the assessed outcomes, the potential benefits of
VR-MT for cognitive, speech, and swallowing functions
remain unexplored, as these domains were not addressed in
the included trials.

Critically, the lack of objective neurophysiological
assessments—such as functional near-infrared spectroscopy,
electromyography, or movement-related evoked potentials—
in most studies hinders mechanistic understanding of the
observed effects. This review also highlights a substantial gap
in long-term follow-up data. The short duration of follow-up
in most included RCTs precludes evaluation of sustained
effects, thereby limiting understanding of the long-term
clinical impact of VR-MT.

Finally, the feasibility of implementing VR-MT in
routine clinical practice remains unclear and warrants further
investigation. Potential barriers—such as equipment costs,
limited accessibility in diverse health care settings, and
patient adherence—have been infrequently addressed in the
current literature, yet represent critical factors for real-world
implementation.

These limitations should be considered when interpret-
ing the findings of this systematic review and meta-analy-
sis. Future research should prioritize these aspects to better
inform clinical translation and implementation strategies.

Conclusions
This systematic review and meta-analysis provide moderate-
quality evidence that the combination of VR and MT yields
statistically significant improvements in UE motor function
and hand dexterity in patients after stroke. Nonetheless, the
pooled effect size for the primary outcome (FMA-UE) fell
below the established minimal clinically important difference
threshold. Additional descriptive evidence points to potential
benefits for lower extremity function, balance, and QoL, but
these outcomes were not supported by meta-analyses and
thus represent preliminary findings. Taken together, VR-MT
may be considered a promising adjunctive rehabilitation
strategy, though further large-scale, rigorously designed trials
are needed to establish its true clinical value and long-term
effectiveness.

JOURNAL OF MEDICAL INTERNET RESEARCH Gao et al

https://www.jmir.org/2025/1/e73142 J Med Internet Res 2025 | vol. 27 | e73142 | p. 13
(page number not for citation purposes)

https://www.jmir.org/2025/1/e73142


Acknowledgments
This work was supported by the Key Research and Development Support Plan Results Transformation Demonstration Project
of the Chengdu Science and Technology Bureau (project no 2023-YF09-00044-SN).
Conflicts of Interest
None declared.
Multimedia Appendix 1
Details of the search.
[DOCX File (Microsoft Word File), 21 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Results of the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE).
[DOCX File (Microsoft Word File), 19 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Sensitivity analyses for the Box and Block Test.
[PNG File (Portable Network Graphics File), 50 KB-Multimedia Appendix 3]

Checklist 1
PRISMA checklist.
[DOCX File (Microsoft Word File), 31 KB-Checklist 1]
References
1. Feigin VL, Nichols E, Alam T, et al. Global, regional, and national burden of neurological disorders, 1990–2016: a

systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. May 2019;18(5):459-480. [doi: 10.
1016/S1474-4422(18)30499-X]

2. Defebvre L, Krystkowiak P. Movement disorders and stroke. Rev Neurol (Paris). 2016;172(8-9):483-487. [doi: 10.1016/
j.neurol.2016.07.006] [Medline: 27476417]

3. Rost NS, Brodtmann A, Pase MP, et al. Post-stroke cognitive impairment and dementia. Circ Res. Apr 15,
2022;130(8):1252-1271. [doi: 10.1161/CIRCRESAHA.122.319951] [Medline: 35420911]

4. Ali M, Lyden P, Brady M, VISTA Collaboration. Aphasia and dysarthria in acute stroke: recovery and functional
outcome. Int J Stroke. Apr 2015;10(3):400-406. [doi: 10.1111/ijs.12067] [Medline: 28742466]

5. Silva SM, Dutra T de F, Braga MAF, Silva E de M, de Faria-Fortini I, Faria C de M. Predictors of access to healthcare
services within 1 month after stroke in a developing country: a longitudinal prospective study. Physiother Res Int. Mar
13, 2023:e2000. [doi: 10.1002/pri.2000] [Medline: 36915963]

6. Rizzolatti G, Craighero L. The mirror-neuron system. Annu Rev Neurosci. 2004;27:169-192. [doi: 10.1146/annurev.
neuro.27.070203.144230] [Medline: 15217330]

7. S RV, D RR. Synaesthesia in phantom limbs induced with mirrors. Proc R Soc Lond B. Apr 22,
1996;263(1369):377-386. [doi: 10.1098/rspb.1996.0058]

8. Altschuler EL, Wisdom SB, Stone L, et al. Rehabilitation of hemiparesis after stroke with a mirror. The Lancet. Jun
1999;353(9169):2035-2036. [doi: 10.1016/S0140-6736(99)00920-4]

9. Nogueira N de H, Parma JO, Leão S de A, et al. Mirror therapy in upper limb motor recovery and activities of daily
living, and its neural correlates in stroke individuals: a systematic review and meta-analysis. Brain Res Bull. Dec
2021;177:217-238. [doi: 10.1016/j.brainresbull.2021.10.003] [Medline: 34626693]

10. Louie DR, Lim SB, Eng JJ. The efficacy of lower extremity mirror therapy for improving balance, gait, and motor
function poststroke: a systematic review and meta-analysis. J Stroke Cerebrovasc Dis. Jan 2019;28(1):107-120. [doi: 10.
1016/j.jstrokecerebrovasdis.2018.09.017] [Medline: 30314760]

11. Kundi MK, Spence NJ. Efficacy of mirror therapy on lower limb motor recovery, balance and gait in subacute and
chronic stroke: a systematic review. Physiotherapy Res Intl. Apr 2023;28(2):e1997. [doi: 10.1002/pri.1997]

12. You L, Wang Y, Chen W, et al. The effectiveness of Action Observation Therapy based on Mirror Neuron Theory in
Chinese patients with apraxia of speech after stroke. Eur Neurol. 2019;81(5-6):278-286. [doi: 10.1159/000503960]
[Medline: 31661693]

13. Mao H, Li Y, Tang L, et al. Effects of mirror neuron system-based training on rehabilitation of stroke patients. Brain
Behav. Aug 2020;10(8):e01729. [doi: 10.1002/brb3.1729] [Medline: 32608554]

JOURNAL OF MEDICAL INTERNET RESEARCH Gao et al

https://www.jmir.org/2025/1/e73142 J Med Internet Res 2025 | vol. 27 | e73142 | p. 14
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=jmir_v27i1e73142_app1.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e73142_app1.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e73142_app2.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e73142_app2.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e73142_app3.png
https://jmir.org/api/download?alt_name=jmir_v27i1e73142_app3.png
https://jmir.org/api/download?alt_name=jmir_v27i1e73142_app4.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e73142_app4.docx
https://doi.org/10.1016/S1474-4422(18)30499-X
https://doi.org/10.1016/S1474-4422(18)30499-X
https://doi.org/10.1016/j.neurol.2016.07.006
https://doi.org/10.1016/j.neurol.2016.07.006
http://www.ncbi.nlm.nih.gov/pubmed/27476417
https://doi.org/10.1161/CIRCRESAHA.122.319951
http://www.ncbi.nlm.nih.gov/pubmed/35420911
https://doi.org/10.1111/ijs.12067
http://www.ncbi.nlm.nih.gov/pubmed/28742466
https://doi.org/10.1002/pri.2000
http://www.ncbi.nlm.nih.gov/pubmed/36915963
https://doi.org/10.1146/annurev.neuro.27.070203.144230
https://doi.org/10.1146/annurev.neuro.27.070203.144230
http://www.ncbi.nlm.nih.gov/pubmed/15217330
https://doi.org/10.1098/rspb.1996.0058
https://doi.org/10.1016/S0140-6736(99)00920-4
https://doi.org/10.1016/j.brainresbull.2021.10.003
http://www.ncbi.nlm.nih.gov/pubmed/34626693
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.09.017
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.09.017
http://www.ncbi.nlm.nih.gov/pubmed/30314760
https://doi.org/10.1002/pri.1997
https://doi.org/10.1159/000503960
http://www.ncbi.nlm.nih.gov/pubmed/31661693
https://doi.org/10.1002/brb3.1729
http://www.ncbi.nlm.nih.gov/pubmed/32608554
https://www.jmir.org/2025/1/e73142


14. Burdea GC. Virtual rehabilitation – benefits and challenges. Methods Inf Med. 2003;42(5):519-523. [doi: 10.1055/s-
0038-1634378] [Medline: 14654886]

15. Chen J, Or CK, Chen T. Effectiveness of using virtual reality–supported exercise therapy for upper extremity motor
rehabilitation in patients with stroke: systematic review and meta-analysis of randomized controlled trials. J Med Internet
Res. Jun 20, 2022;24(6):e24111. [doi: 10.2196/24111] [Medline: 35723907]

16. Zhang B, Li D, Liu Y, Wang J, Xiao Q. Virtual reality for limb motor function, balance, gait, cognition and daily
function of stroke patients: a systematic review and meta-analysis. J Adv Nurs. Aug 2021;77(8):3255-3273. [doi: 10.
1111/jan.14800] [Medline: 33675076]

17. Hao J, Xie H, Harp K, Chen Z, Siu KC. Effects of virtual reality intervention on neural plasticity in stroke rehabilitation:
a systematic review. Arch Phys Med Rehabil. Mar 2022;103(3):523-541. [doi: 10.1016/j.apmr.2021.06.024] [Medline:
34352269]

18. Lange B, Koenig S, Chang CY, et al. Designing informed game-based rehabilitation tasks leveraging advances in virtual
reality. Disabil Rehabil. 2012;34(22):1863-1870. [doi: 10.3109/09638288.2012.670029] [Medline: 22494437]

19. Plechatá A, Sahula V, Fayette D, Fajnerová I. Age-Related Differences With Immersive and Non-immersive Virtual
Reality in Memory Assessment. Front Psychol. 2019;10:1330. [doi: 10.3389/fpsyg.2019.01330] [Medline: 31244729]

20. Borrego A, Latorre J, Alcañiz M, Llorens R. Embodiment and presence in virtual reality after stroke. A comparative
study with healthy subjects. Front Neurol. 2019;10:1061. [doi: 10.3389/fneur.2019.01061] [Medline: 31649608]

21. Okamura R, Nakashima A, Moriuchi T, et al. Effects of a virtual reality-based mirror therapy system on upper extremity
rehabilitation after stroke: a systematic review and meta-analysis of randomized controlled trials. Front Neurol.
2023;14:1298291. [doi: 10.3389/fneur.2023.1298291] [Medline: 38259644]

22. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. 2021;372:n71. [doi: 10.1136/bmj.n71]

23. Costantino G, Montano N, Casazza G. When should we change our clinical practice based on the results of a clinical
study? Diagnostic accuracy studies II: the diagnostic accuracy. Intern Emerg Med. Aug 2016;11(5):755-757. [doi: 10.
1007/s11739-016-1471-1] [Medline: 27240867]

24. Choi HS, Shin WS, Bang DH. Mirror therapy using gesture recognition for upper limb function, neck discomfort, and
quality of life after chronic stroke: a single-blind randomized controlled trial. Med Sci Monit. May 3,
2019;25:3271-3278. [doi: 10.12659/MSM.914095] [Medline: 31050660]

25. Hsu HY, Kuo LC, Lin YC, Su FC, Yang TH, Lin CW. Effects of a virtual reality–based mirror therapy program on
improving sensorimotor function of hands in chronic stroke patients: a randomized controlled trial. Neurorehabil Neural
Repair. Jun 2022;36(6):335-345. [doi: 10.1177/15459683221081430] [Medline: 35341360]

26. Jo S, Jang H, Kim H, Song C. 360° immersive virtual reality-based mirror therapy for upper extremity function and
satisfaction among stroke patients: a randomized controlled trial. Eur J Phys Rehabil Med. 2024;60(2):207-15. [doi: 10.
23736/S1973-9087.24.08275-3]

27. Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ. Oct 18, 2011;343:d5928. [doi: 10.1136/bmj.d5928] [Medline: 22008217]

28. Balshem H, Helfand M, Schünemann HJ, et al. GRADE guidelines: 3. Rating the quality of evidence. J Clin Epidemiol.
Apr 2011;64(4):401-406. [doi: 10.1016/j.jclinepi.2010.07.015] [Medline: 21208779]

29. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduction-GRADE evidence profiles and summary of
findings tables. J Clin Epidemiol. Apr 2011;64(4):383-394. [doi: 10.1016/j.jclinepi.2010.04.026] [Medline: 21195583]

30. Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for Systematic Reviews of Interventions (Version 64).
Cochrane; 2023. URL: https://training.cochrane.org/handbook [Accessed 2025-09-19]

31. Ochoa-Précoma R, Pacheco-Soto BT, Porchia LM, Torres-Rasgado E, Pérez-Fuentes R, Gonzalez-Mejia ME.
Association between Osteoprotegerin and Charcot neuroarthropathy: a systematic review. Acta Diabetol. Apr
2021;58(4):475-484. [doi: 10.1007/s00592-020-01638-x] [Medline: 33394132]

32. Higgins JPT. Measuring inconsistency in meta-analyses. BMJ. Sep 6, 2003;327(7414):557-560. [doi: 10.1136/bmj.327.
7414.557]

33. Viechtbauer W, Cheung MWL. Outlier and influence diagnostics for meta-analysis. Res Synth Methods. Apr
2010;1(2):112-125. [doi: 10.1002/jrsm.11] [Medline: 26061377]

34. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. Sep 13,
1997;315(7109):629-634. [doi: 10.1136/bmj.315.7109.629]

35. In TS, Jung KS, Lee SW, Song CH. Virtual reality reflection therapy improves motor recovery and motor function in the
upper extremities of people with chronic stroke. J Phys Ther Sci. 2012;24(4):339-343. [doi: 10.1589/jpts.24.339]

JOURNAL OF MEDICAL INTERNET RESEARCH Gao et al

https://www.jmir.org/2025/1/e73142 J Med Internet Res 2025 | vol. 27 | e73142 | p. 15
(page number not for citation purposes)

https://doi.org/10.1055/s-0038-1634378
https://doi.org/10.1055/s-0038-1634378
http://www.ncbi.nlm.nih.gov/pubmed/14654886
https://doi.org/10.2196/24111
http://www.ncbi.nlm.nih.gov/pubmed/35723907
https://doi.org/10.1111/jan.14800
https://doi.org/10.1111/jan.14800
http://www.ncbi.nlm.nih.gov/pubmed/33675076
https://doi.org/10.1016/j.apmr.2021.06.024
http://www.ncbi.nlm.nih.gov/pubmed/34352269
https://doi.org/10.3109/09638288.2012.670029
http://www.ncbi.nlm.nih.gov/pubmed/22494437
https://doi.org/10.3389/fpsyg.2019.01330
http://www.ncbi.nlm.nih.gov/pubmed/31244729
https://doi.org/10.3389/fneur.2019.01061
http://www.ncbi.nlm.nih.gov/pubmed/31649608
https://doi.org/10.3389/fneur.2023.1298291
http://www.ncbi.nlm.nih.gov/pubmed/38259644
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s11739-016-1471-1
https://doi.org/10.1007/s11739-016-1471-1
http://www.ncbi.nlm.nih.gov/pubmed/27240867
https://doi.org/10.12659/MSM.914095
http://www.ncbi.nlm.nih.gov/pubmed/31050660
https://doi.org/10.1177/15459683221081430
http://www.ncbi.nlm.nih.gov/pubmed/35341360
https://doi.org/10.23736/S1973-9087.24.08275-3
https://doi.org/10.23736/S1973-9087.24.08275-3
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1016/j.jclinepi.2010.07.015
http://www.ncbi.nlm.nih.gov/pubmed/21208779
https://doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/21195583
https://training.cochrane.org/handbook
https://doi.org/10.1007/s00592-020-01638-x
http://www.ncbi.nlm.nih.gov/pubmed/33394132
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/jrsm.11
http://www.ncbi.nlm.nih.gov/pubmed/26061377
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1589/jpts.24.339
https://www.jmir.org/2025/1/e73142


36. Bullock K, Won AS, Bailenson J, Friedman R. Virtual reality-delivered mirror visual feedback and exposure therapy for
FND: a midpoint report of a randomized controlled feasibility study. J Neuropsychiatry Clin Neurosci.
2020;32(1):90-94. [doi: 10.1176/appi.neuropsych.19030071] [Medline: 31687867]

37. Lin CW, Kuo LC, Lin YC, Su FC, Lin YA, Hsu HY. Development and testing of a virtual reality mirror therapy system
for the sensorimotor performance of upper extremity: a pilot randomized controlled trial. IEEE ACCESS.
2021;9:14725-14734. [doi: 10.1109/ACCESS.2021.3050656]

38. Mekbib DB, Debeli DK, Zhang L, et al. A novel fully immersive virtual reality environment for upper extremity
rehabilitation in patients with stroke. Ann N Y Acad Sci. Jun 2021;1493(1):75-89. [doi: 10.1111/nyas.14554] [Medline:
33442915]

39. Miclaus RS, Roman N, Henter R, Caloian S. Lower extremity rehabilitation in patients with post-stroke sequelae through
virtual reality associated with mirror therapy. Int J Environ Res Public Health. Mar 6, 2021;18(5):2654. [doi: 10.3390/
ijerph18052654] [Medline: 33800775]

40. Strong B, Zeng B, Mccarthy P, Roula A. Virtual reality mirror therapy using “etee” to improve finger dexterity in post-
stroke survivors: a pilot study. Eur Stroke J. 2021;6(1 SUPPL):513. URL: https://pure.southwales.ac.uk/en/publications/
virtual-reality-mirror-therapy-using-etee-to-improve-finger-dexte [Accessed 2025-09-19]

41. Sip P, Kozłowska M, Czysz D, Daroszewski P, Lisiński P. Perspectives of motor functional upper extremity recovery
with the use of immersive virtual reality in stroke patients. Sensors (Basel). Jan 8, 2023;23(2):712. [doi: 10.3390/
s23020712] [Medline: 36679511]

42. In T, Lee K, Song C. Virtual reality reflection therapy improves balance and gait in patients with chronic stroke:
randomized controlled trials. Med Sci Monit. Oct 28, 2016;22:4046-4053. [doi: 10.12659/msm.898157] [Medline:
27791207]

43. XU J. Influence of mirror therapy and virtual reality therapy on balance in patients after stroke. 2022. URL: https://link.
cnki.net/doi/10.27691/d.cnki.gcdyx.2022.000189 [doi: 10.27691/d.cnki.gcdyx.2022.000189]

44. WANG J. Effects of virtual reality–based mirror visual feedback (VR-MVF) on upper limb motor and cognition function
in stroke. 2022. URL: https://link.cnki.net/doi/10.27167/d.cnki.gjinu.2022.001032 [doi: 10.27167/d.cnki.gjinu.2022.
001032]

45. Morgenstern E. Exploring the efficacy of virtual reality-based mirror therapy in upper limb rehabilitation for individuals
with unilateral spatial neglect: a novel approach to addressing an overlooked aspect of stroke recovery. J Wetenskap
Health. 2022;3(3):7-15. URL: https://hdpublication.com/index.php/jwh/article/view/239 [Accessed 2022-12-23]

46. Armijo-Olivo S, Fuentes J, da Costa BR, Saltaji H, Ha C, Cummings GG. Blinding in physical therapy trials and its
association with treatment effects: a meta-epidemiological study. Am J Phys Med Rehabil. Jan 2017;96(1):34-44. [doi:
10.1097/PHM.0000000000000521] [Medline: 27149591]

47. Malmivaara A, Armijo-Olivo S, Dennett L, Heinemann AW, Negrini S, Arokoski J. Blinded or nonblinded randomized
controlled trials in rehabilitation research: a conceptual analysis based on a systematic review. Am J Phys Med Rehabil.
Mar 2020;99(3):183-190. [doi: 10.1097/PHM.0000000000001369] [Medline: 31977325]

48. Gladstone DJ, Danells CJ, Black SE. The Fugl-Meyer Assessment of motor recovery after stroke: a critical review of its
measurement properties. Neurorehabil Neural Repair. Sep 2002;16(3):232-240. [doi: 10.1177/154596802401105171]
[Medline: 12234086]

49. Miyamoto S, Kondo T, Suzukamo Y, Michimata A, Izumi SI. Reliability and validity of the manual function test in
patients with stroke. Am J Phys Med Rehabil. Mar 2009;88(3):247-255. [doi: 10.1097/PHM.0b013e3181951133]
[Medline: 19106794]

50. Kim HJ, Min K, Lee CH, et al. Clinical applicability and psychometric properties of manual function test for patients
with stroke. Tohoku J Exp Med. Oct 2017;243(2):85-93. [doi: 10.1620/tjem.243.85] [Medline: 28993560]

51. Duncan PW, Propst M, Nelson SG. Reliability of the Fugl-Meyer Assessment of sensorimotor recovery following
cerebrovascular accident. Phys Ther. Oct 1983;63(10):1606-1610. [doi: 10.1093/ptj/63.10.1606] [Medline: 6622535]

52. Ramachandran VS, Altschuler EL. The use of visual feedback, in particular mirror visual feedback, in restoring brain
function. Brain (Bacau). Jul 1, 2009;132(7):1693-1710. [doi: 10.1093/brain/awp135]

53. You SH, Jang SH, Kim YH, et al. Virtual reality–induced cortical reorganization and associated locomotor recovery in
chronic stroke. Stroke. Jun 2005;36(6):1166-1171. [doi: 10.1161/01.STR.0000162715.43417.91] [Medline: 15890990]

54. di Pellegrino G, Fadiga L, Fogassi L, Gallese V, Rizzolatti G. Understanding motor events: a neurophysiological study.
Exp Brain Res. Oct 1992;91(1):176-180. [doi: 10.1007/BF00230027]

55. Ertelt D, Small S, Solodkin A, et al. Action observation has a positive impact on rehabilitation of motor deficits after
stroke. Neuroimage. 2007;36 Suppl 2:T164-73. [doi: 10.1016/j.neuroimage.2007.03.043] [Medline: 17499164]

56. Fan H, Luo Z. Functional integration of mirror neuron system and sensorimotor cortex under virtual self-actions visual
perception. Behav Brain Res. Apr 9, 2022;423:113784. [doi: 10.1016/j.bbr.2022.113784] [Medline: 35122793]

JOURNAL OF MEDICAL INTERNET RESEARCH Gao et al

https://www.jmir.org/2025/1/e73142 J Med Internet Res 2025 | vol. 27 | e73142 | p. 16
(page number not for citation purposes)

https://doi.org/10.1176/appi.neuropsych.19030071
http://www.ncbi.nlm.nih.gov/pubmed/31687867
https://doi.org/10.1109/ACCESS.2021.3050656
https://doi.org/10.1111/nyas.14554
http://www.ncbi.nlm.nih.gov/pubmed/33442915
https://doi.org/10.3390/ijerph18052654
https://doi.org/10.3390/ijerph18052654
http://www.ncbi.nlm.nih.gov/pubmed/33800775
https://pure.southwales.ac.uk/en/publications/virtual-reality-mirror-therapy-using-etee-to-improve-finger-dexte
https://pure.southwales.ac.uk/en/publications/virtual-reality-mirror-therapy-using-etee-to-improve-finger-dexte
https://doi.org/10.3390/s23020712
https://doi.org/10.3390/s23020712
http://www.ncbi.nlm.nih.gov/pubmed/36679511
https://doi.org/10.12659/msm.898157
http://www.ncbi.nlm.nih.gov/pubmed/27791207
https://link.cnki.net/doi/10.27691/d.cnki.gcdyx.2022.000189
https://link.cnki.net/doi/10.27691/d.cnki.gcdyx.2022.000189
https://doi.org/10.27691/d.cnki.gcdyx.2022.000189
https://link.cnki.net/doi/10.27167/d.cnki.gjinu.2022.001032
https://doi.org/10.27167/d.cnki.gjinu.2022.001032
https://doi.org/10.27167/d.cnki.gjinu.2022.001032
https://hdpublication.com/index.php/jwh/article/view/239
https://doi.org/10.1097/PHM.0000000000000521
http://www.ncbi.nlm.nih.gov/pubmed/27149591
https://doi.org/10.1097/PHM.0000000000001369
http://www.ncbi.nlm.nih.gov/pubmed/31977325
https://doi.org/10.1177/154596802401105171
http://www.ncbi.nlm.nih.gov/pubmed/12234086
https://doi.org/10.1097/PHM.0b013e3181951133
http://www.ncbi.nlm.nih.gov/pubmed/19106794
https://doi.org/10.1620/tjem.243.85
http://www.ncbi.nlm.nih.gov/pubmed/28993560
https://doi.org/10.1093/ptj/63.10.1606
http://www.ncbi.nlm.nih.gov/pubmed/6622535
https://doi.org/10.1093/brain/awp135
https://doi.org/10.1161/01.STR.0000162715.43417.91
http://www.ncbi.nlm.nih.gov/pubmed/15890990
https://doi.org/10.1007/BF00230027
https://doi.org/10.1016/j.neuroimage.2007.03.043
http://www.ncbi.nlm.nih.gov/pubmed/17499164
https://doi.org/10.1016/j.bbr.2022.113784
http://www.ncbi.nlm.nih.gov/pubmed/35122793
https://www.jmir.org/2025/1/e73142


57. Deconinck FJA, Smorenburg ARP, Benham A, Ledebt A, Feltham MG, Savelsbergh GJP. Reflections on mirror therapy:
a systematic review of the effect of mirror visual feedback on the brain. Neurorehabil Neural Repair. May
2015;29(4):349-361. [doi: 10.1177/1545968314546134] [Medline: 25160567]

58. Levac DE, Sveistrup H. Motor learning and virtual reality. In: Weiss PL, Keshner EA, Levin MF, editors. Virtual Reality
for Physical and Motor Rehabilitation. Springer; 2014:25-46. [doi: 10.1007/978-1-4939-0968-1_3]

59. Charles D, Holmes D, Charles T, McDonough S. Virtual reality design for stroke rehabilitation. Adv Exp Med Biol.
2020;1235:53-87. [doi: 10.1007/978-3-030-37639-0_4] [Medline: 32488636]

60. Brunner I, Skouen JS, Hofstad H, et al. Virtual Reality Training for Upper Extremity in Subacute Stroke (VIRTUES): a
multicenter RCT. Neurology (ECronicon). Dec 12, 2017;89(24):2413-2421. [doi: 10.1212/WNL.0000000000004744]
[Medline: 29142090]

61. Lohse K, Shirzad N, Verster A, Hodges N, Van der Loos HFM. Video games and rehabilitation: using design principles
to enhance engagement in physical therapy. J Neurol Phys Ther. Dec 2013;37(4):166-175. [doi: 10.1097/NPT.
0000000000000017] [Medline: 24232363]

62. Lewis GN, Woods C, Rosie JA, Mcpherson KM. Virtual reality games for rehabilitation of people with stroke:
perspectives from the users. Disability and Rehabilitation: Assistive Technology. Sep 2011;6(5):453-463. [doi: 10.3109/
17483107.2011.574310]

63. Holden MK. Virtual environments for motor rehabilitation: review. Cyberpsychol Behav. Jun 2005;8(3):187-211. [doi:
10.1089/cpb.2005.8.187] [Medline: 15971970]

64. Choi JH, Han EY, Kim BR, et al. Effectiveness of commercial gaming-based virtual reality movement therapy on
functional recovery of upper extremity in subacute stroke patients. Ann Rehabil Med. Aug 2014;38(4):485-493. [doi: 10.
5535/arm.2014.38.4.485] [Medline: 25229027]

65. Rohrbach N, Chicklis E, Levac DE. What is the impact of user affect on motor learning in virtual environments after
stroke? A scoping review. J Neuroeng Rehabil. Jun 27, 2019;16(1):79. [doi: 10.1186/s12984-019-0546-4] [Medline:
31248439]

66. Page SJ, Fulk GD, Boyne P. Clinically important differences for the Upper-Extremity Fugl-Meyer Scale in people with
minimal to moderate impairment due to chronic stroke. Phys Ther. Jun 2012;92(6):791-798. [doi: 10.2522/ptj.20110009]
[Medline: 22282773]

67. Prochaska E, Ammenwerth E. A digital Box and Block Test for hand dexterity measurement: instrument validation
study. JMIR Rehabil Assist Technol. Sep 15, 2023;10:e50474. [doi: 10.2196/50474] [Medline: 37713251]

68. Dancause N, Nudo RJ. Shaping plasticity to enhance recovery after injury. Prog Brain Res. 2011;192:273-295. [doi: 10.
1016/B978-0-444-53355-5.00015-4] [Medline: 21763529]

69. Ward NS. Mechanisms underlying recovery of motor function after stroke. Postgrad Med J. Aug 1,
2005;81(958):510-514. [doi: 10.1136/pgmj.2004.030809]

70. Zaaimi B, Dean LR, Baker SN. Different contributions of primary motor cortex, reticular formation, and spinal cord to
fractionated muscle activation. J Neurophysiol. Jan 1, 2018;119(1):235-250. [doi: 10.1152/jn.00672.2017] [Medline:
29046427]

71. Lang CE, Lohse KR, Birkenmeier RL. Dose and timing in neurorehabilitation: prescribing motor therapy after stroke.
Curr Opin Neurol. Dec 2015;28(6):549-555. [doi: 10.1097/WCO.0000000000000256] [Medline: 26402404]

72. Laver KE, Lange B, George S, Deutsch JE, Saposnik G, Crotty M. Virtual reality for stroke rehabilitation. Cochrane
Database Syst Rev. Nov 20, 2017;11(11):CD008349. [doi: 10.1002/14651858.CD008349.pub4] [Medline: 29156493]

Abbreviations
ADL: activities of daily living
BBS: Berg Balance Scale
BBT: Box and Block Test
FMA-LE: Fugl-Meyer Assessment–Lower Extremity
FMA-UE: Fugl-Meyer Assessment–Upper Extremity
FRT: Functional Reach Test
GRADE: Grading of Recommendations, Assessment, Development, and Evaluation
IVR: immersive virtual reality
LE: lower extremity
MD: mean difference
MFT: manual function test
MT: mirror therapy
NIVR: nonimmersive virtual reality
OT: occupational therapy

JOURNAL OF MEDICAL INTERNET RESEARCH Gao et al

https://www.jmir.org/2025/1/e73142 J Med Internet Res 2025 | vol. 27 | e73142 | p. 17
(page number not for citation purposes)

https://doi.org/10.1177/1545968314546134
http://www.ncbi.nlm.nih.gov/pubmed/25160567
https://doi.org/10.1007/978-1-4939-0968-1_3
https://doi.org/10.1007/978-3-030-37639-0_4
http://www.ncbi.nlm.nih.gov/pubmed/32488636
https://doi.org/10.1212/WNL.0000000000004744
http://www.ncbi.nlm.nih.gov/pubmed/29142090
https://doi.org/10.1097/NPT.0000000000000017
https://doi.org/10.1097/NPT.0000000000000017
http://www.ncbi.nlm.nih.gov/pubmed/24232363
https://doi.org/10.3109/17483107.2011.574310
https://doi.org/10.3109/17483107.2011.574310
https://doi.org/10.1089/cpb.2005.8.187
http://www.ncbi.nlm.nih.gov/pubmed/15971970
https://doi.org/10.5535/arm.2014.38.4.485
https://doi.org/10.5535/arm.2014.38.4.485
http://www.ncbi.nlm.nih.gov/pubmed/25229027
https://doi.org/10.1186/s12984-019-0546-4
http://www.ncbi.nlm.nih.gov/pubmed/31248439
https://doi.org/10.2522/ptj.20110009
http://www.ncbi.nlm.nih.gov/pubmed/22282773
https://doi.org/10.2196/50474
http://www.ncbi.nlm.nih.gov/pubmed/37713251
https://doi.org/10.1016/B978-0-444-53355-5.00015-4
https://doi.org/10.1016/B978-0-444-53355-5.00015-4
http://www.ncbi.nlm.nih.gov/pubmed/21763529
https://doi.org/10.1136/pgmj.2004.030809
https://doi.org/10.1152/jn.00672.2017
http://www.ncbi.nlm.nih.gov/pubmed/29046427
https://doi.org/10.1097/WCO.0000000000000256
http://www.ncbi.nlm.nih.gov/pubmed/26402404
https://doi.org/10.1002/14651858.CD008349.pub4
http://www.ncbi.nlm.nih.gov/pubmed/29156493
https://www.jmir.org/2025/1/e73142


PICOS: population, intervention, comparison, outcome, and study design
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
QoL: quality of life
RCT: randomized controlled trial
TUGT: Timed Up and Go Test
UE: upper extremity
VR: virtual reality

Edited by Tobias Loetscher; peer-reviewed by Adeola Bakare, Kelechi Elechi, Raymond Chi-Keung Chung; submitted
26.02.2025; final revised version received 26.08.2025; accepted 29.08.2025; published 10.10.2025

Please cite as:
Gao C, Chen Y, Wei Y, Qiu Y, Song H, Gui C, Gao Q
Combined Immersive and Nonimmersive Virtual Reality With Mirror Therapy for Patients With Stroke: Systematic Review
and Meta-Analysis of Randomized Controlled Trials
J Med Internet Res 2025;27:e73142
URL: https://www.jmir.org/2025/1/e73142
doi: 10.2196/73142

©Chaoran Gao, Yuan Chen, Yixin Wei, Yitong Qiu, Huiyan Song, Chenfan Gui, Qiang Gao. Originally published in the
Journal of Medical Internet Research (https://www.jmir.org), 10.10.2025. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical
Internet Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the original publica-
tion on https://www.jmir.org/, as well as this copyright and license information must be included.

JOURNAL OF MEDICAL INTERNET RESEARCH Gao et al

https://www.jmir.org/2025/1/e73142 J Med Internet Res 2025 | vol. 27 | e73142 | p. 18
(page number not for citation purposes)

https://www.jmir.org/2025/1/e73142
https://doi.org/10.2196/73142
https://www.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://www.jmir.org/
https://www.jmir.org/2025/1/e73142

	Combined Immersive and Nonimmersive Virtual Reality With Mirror Therapy for Patients With Stroke: Systematic Review and Meta-Analysis of Randomized Controlled Trials
	Introduction
	Background
	Objective

	Methods
	Overview
	Search Strategy
	Inclusion and Exclusion Criteria
	Study Selection
	Data Extraction
	Assessment of Risk of Bias and Certainty of Evidence
	Data Analysis
	Ethical Considerations

	Results
	Study Selection Process
	Characteristics of the Included Trials
	Risk of Bias and Certainty of Evidence
	Synthesis of Results and Meta-Analysis
	Effects on UE Motor Function (FMA-UE and MFT)
	Effects on Hand Dexterity (BBT)
	Effects on Lower Extremity Motor Function (Fugl-Meyer Assessment–Lower Extremity)
	Effects on Dynamic Balance (Berg Balance Scale, Timed Up and Go Test, and Functional Reach Test)
	Effects on Activity of Daily Living (Barthel Index and Functional Independence Measure)
	Effects on QoL (Short-Form 8 and 36-Item Short Form Survey)
	Subgroup Analyses
	Sensitivity Analyses

	Discussion
	Principal Findings
	Effects on UE Motor Function (FMA-UE and MFT)
	Effects on Hand Dexterity (BBT)
	Subgroup Analysis of the Effects of Combined Therapy
	Limitations
	Conclusions



