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ABSTRACT

International Journal of Exercise Science 17(7): 1219-1234, 2024. In recent years, innovative
technologies have gained prominence in stroke patient rehabilitation worldwide, with virtual reality-based mirror
therapy (VRBMT) emerging as a notable example. Hence, the present study aims to determine the efficacy of
VRBMT on upper extremity motor function, manual performance, and gross manual dexterity among stroke
patients. The systematic search utilized Population, Intervention, Comparison, Outcome, and Design (PICOD)
paradigm, and the study searched was based on 2012-2023, utilizing different databases. The meta-analysis data
was evaluated using MedCalc version 18.11.3. The Pooled effect size mean was statistically examined using a fixed
and random effect model. Among the 6 studies selected, 4 studies involving upper-limb stroke patients were
identified between the VRBMT. Pooled analysis of VRBMT revealed no significant effect on motor function
[standardized mean difference (SMD) 0.815; 95% CI 0.00 to 81.37; P = 0.5562]. The remaining 2 of 6 studies
participated in the study of the manual performance stroke patients (SMD 0.869; 95% CI 0.00 to 93.22; P = 0.0684).
The pooled analysis of VRBMT revealed no significant effect. The last 2 of 6 included studies on gross manual
dexterity in stroke. The pooled analysis also showed no significant effects on VRBMT (SMD 0.198; 95% CI 0.00 to
0.00; P = 0.6951). The present study concluded although VRBMT exhibits potential as a novel method for stroke
rehabilitation, its effects on gross manual dexterity, manual performance, and upper extremity motor function are
not statistically significant may be due to a limited number of studies on VRBMT in stroke patients.
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INTRODUCTION

In 2020, the World Stroke Organization published that stroke was the second-highest cause of
mortality globally and the third highest accounting for mortality and disability combined (17).
A report suggested that in 2010, a total of 33 million cases of stroke had occurred worldwide
(26). The Burden of Disease from 1990 to 2019, greatly increased, the incidence of stroke
increased by 70% and stroke's death by 43% (17). The majority of stroke deaths occurred in lower
and middle-income countries, accounting for 86.0% of stroke-related deaths and 89.0% of the
associated Disability-Adjusted Life Years (2).
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In the meantime, the incidence of stroke significantly decreased by 42% in high-income
countries. As per the findings of the Global Burden of Disease, the occurrence of stroke has seen
a decline; various factors such as the age distribution, gender, and geographical location of
affected individuals contribute to an increase in the socioeconomic burden associated with
stroke over time. According to reports, the incidence of stroke is highest in China, impacting an
estimated 331-378 people per 100,000 life years. Latin America reported the lowest incidence, at
85-100 per 100,000 life years, but Eastern Europe follows closely at 181-218 per 100,000 life years
(19).

Pakistan is the sixth most populous country globally and a study conducted in Karachi showed
that a stroke prevalence of 4.8% and 19.1% highest in the region and the estimated yearly
incidence of stroke is 250/100,000 in Pakistan (7,14,16). A large-scale, population-based
approach is needed to study the prevalence of stroke in rural and urban areas of Pakistan (27).
According to Hashmi et al., 2013 Stroke rates among middle-aged individuals are significantly
elevated in Pakistan, Russia, India, Brazil, and China (9).

A stroke is characterized as an acute neurological deficit localized to a specific area, resulting
from vascular damage (such as infarction or hemorrhage) within the central nervous system.
Symptoms of stroke include unilateral limb weakness, headache, nausea, and vomiting are the
most common clinical features of stroke (31). Many post-stroke patients suffer from impaired
upper extremity motor function, which is highly related to limitations in daily living and a
poorer quality of life. Motor impairment of the upper extremity has been reported in about 80%
of acute strokes, reduced manual performance in approximately one-half of individuals after
stroke, and losses in manual dexterity sustained to the chronic phase (30). Therefore, it is highly
related to the ability to perform manual tasks and activities of daily living hence an important
target for rehabilitation after stroke (5). Impaired Gross manual dexterity is a significant
contributor to functional disability after stroke (25).

Stroke is a major health issue, and even more frustrating is that the few effective treatments are
limited by thrombolytic therapy that can only be facilitated through recombinant tissue
plasminogen activator, which needs to be administered within three hours of stroke onset.
Rehabilitation presents an individual who has suffered a stroke with the optimal chance for
maximal recovery (19). There are a variety of physiotherapy treatment options for stroke
patients. Range of motion, functional electrical stimulation strength training and Virtual Reality
(VR) are just a few of them (29).

Virtual Reality-based Mirror treatment (VRBMT) is a new approach in the treatment of stroke
patients (22). Mirror therapy (MT) is a method of changing the structure and function of the
brain. Viral replication systems can induce plasticity in neurons and are an effective way of
modifying how functionality recovers after a stroke. Abiding by the principle of VRBMT is also
a promising, effective, and advanced method of treatment compared to traditional MT. The first
one was how VRBMT can cause plasticity and reorganization of the brain's neuron patterns to
create conditions where it is feasible to develop this new technique, especially for the effect of
stroke on an adult's brain (1). The present review article is aimed at investigating the influence
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of Virtual Reality-Based Mirror Therapy on individual outcomes regarding upper limb motor
function, individual manual functioning, and gross manual dexterity in stroke patients.

METHODS

Protocol registration

The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) criteria
were followed in the execution of the current meta-analysis. The study's characteristics and
procedure were registered under the CRD42024540772 registration number in the international
PROSPERO database for systematic reviews and meta-analyses. This research was carried out
by the ethical standards of the International Journal of Exercise Science (24).

Search strategy

Two independent reviewers conducted a comprehensive search for studies published between
2012 and 2023 on PubMed, PEDro, CENTRAL, MEDLINE, and CINAHL from January 2024 to
April 2024. We looked through Open Gray for unpublished, relevant articles. The titles and
abstracts were searched using Boolean operators (AND, OR, and NOT) combined with Medical
Subject headings (MeSH) and keywords; "Virtual Reality" OR "Mirror therapy" AND ("Stroke")
AND ("motor function") AND ("Upper limb function) AND "manual performance" AND "gross
manual dexterity". Citation search was used to locate studies that were cited by authors in
bibliographies or by chosen publications. Articles with potential relevance were filtered using
the PICOD framework and inclusion and exclusion criteria.

Priori review

The selection criteria were considered and the efficacy of VRBMT was changed to include its
comparison with other interventions, and all outcome measures of motor function, manual
performance, and gross manual dexterity were included in the meta-analysis.

Inclusion and exclusion criteria
The PICOD approach stands for Population, Intervention, Comparison, Outcome, and Design
was used to select the studies.

Population: Stroke patients.

Intervention: VRBMT.

Comparison: Mirror therapy, standard treatment, and occupational therapy.

Outcome: Fugl-Meyer Assessment (FMA), Manual Function Test (MFT), and Box and Block Test
(BBT).

Design: Only Randomized Controlled Trials (RCTs) were included in the study.

Data extraction and quality assessment

All data were obtained as provided by the included studies following CRD and Cochrane's
advice. The provided information for the included RCTs was divided into demographics, such
as age, stroke period, study design, VRBMT amount and frequency, as well as the outcome
measures, including upper extremity motor function, manual performance, and gross manual
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dexterity, with the FMA, MFT, and BBT scales used, respectively. For quality assessment,
independent performance by two reviewers followed by a discussion was aimed at eliminating
potential bias and enhancing the review’s quality because it corresponds to the methodology,
evaluates the study’s internal and external validity, guarantees that the findings are applicable
for practice, and represents a frequently used method in high-quality sources. Types of risks
assessed for quality measurement including selection bias - randomization, and allocation
concealment; performance bias - blinding, and detection; attrition bias - incomplete outcome
data; and reporting bias - selective reporting of outcome are listed.

Data Analysis

The statistics software MedCalc 18.11.3 determined the results of a meta-analysis. The main aim
of this review is to find upper extremity motor function, manual performance, and gross manual
dexterity as a result measure. Both VRBMT and control groups presented RCTs with baseline,
and post-treatment data were included. Fixed effects and random effects models were used to
assess the pooled effect size estimations, while the mean, standard deviation, and 95 percent
confidence intervals for the Upper extremity motor function, manual performance, and gross
manual dexterity score were applied to the experimental and control group then the statistical
software was utilized. Moreover, the heterogeneity in the model was measured by calculating
I2; the values indicated: no heterogeneity (0%-40%), moderate heterogeneity (30%-60%),
substantial heterogeneity (50%-90%), and considerable heterogeneity (75%-100%). Furthermore,
the fixed model will be calculated with mild to moderate heterogeneity, and the random-effect
model will calculate with considerable, high heterogeneity. In addition, the effect sizes for all
analyses small 0.2-0.49, moderate,.50 to.79, large,.80 or above were applied to, with p<0.05 was
considered statistically significant.

RESULTS

Study Identification

A search of citations and electronic databases identified a total of 182 studies. Six RCTs
published between 2012 and 2023 that met the selection criteria were included in this evaluation.
(Figure 1).

Table 1 provides a comprehensive review of the trials as well as participant characteristics on
upper extremity motor function, manual performance, and gross manual dexterity among
stroke patients.

Efficacy of Virtual Reality-based Mirror Therapy

Motor function: Four out of 6 included studies measured motor function in upper-limb stroke
patients (Table 2 and Figure 2). All 4 studies measured motor function by FMA-UE (12,21,22,28).
A fixed effects model was chosen and there was no significant heterogeneity (12=0.00%). Pooled
analysis showed no significant effects of VRBMT (SMD 0.815; 95% CI 0.00 to 81.37; P = 0.5562).
(Table 2 and Figure 2).
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Table 1. Summary of the studies on upper extremity motor function, manual performance, and gross manual dexterity.
Author Intervention Conclusion
name Stages of | Mean . Types of ] Outcome
S. No. with the Stroke age Design VR Experimental Control group Tools
year group
VR with MT and
=11 n=8 home-based
Received VR and | Use home exercises are
63.45 NIVR using | MT  for thirty | treatment for a effective for upper
1 In, et al, | Chronic ) to RCT reflection i minutes each day total of four weeks FMA-UE, extremity  motor
2012 (12) stroke 64.50 ) Yo K ” | MFT, BBT function, manual
therapy five days a week, | five days a week,
years ) . performance, and
for a total of four | for thirty minutes
weeks each gross manual
dexterity in stroke
patients
n=12 Combine MT and
. n=12 VR therapy was
Received Y
. IVR  using " Received found to be
Choi, et Chronic 8 to esture traditional, ~ MT, traditional thera effective in the
2 al, 2019 5958 |RCT | &&tUre and VR therapy 5 PY | MFT .
stroke recognition 5 weeks of 30 improvement  of
3 years ) weeks of 30 .
mirror ) minutes a day, manual
minutes a day, hree d K P .
three days a week three days a wee pertformance n
stroke patients
n=9 _ VRBMT was found
{1\;5 o by For nine weeks, Iﬁ;?eive d MT for to be effective in the
Lin, 2021 | Chronic | 49to 58 8¢ got VRBMT for . improvement  of
3 RCT scenario of | 2 . 50 minutes every
(21) Stroke years tiftty minutes a . FMA-UE manual
the VRBMT day, twice a week, .
day, two days a . performance in
system for nine weeks. .
week stroke patients
VRBMT was found
: to be more effective
IaV\I]{I? }SI usstlerﬁ n=12 n=11 in improvement of
. . 52 to s Received VRBMT | Received upper  extremity
Mekbib, Chronic to stimulate . . .
4 61 RCT to receive VR | Occupational motor function as
2021 (22) stroke and . . FMA-UE
years activatin intervention (8 h | therapy for 8-h compared to
MNs & within 2 weeks) with 2 weeks occupational
therapy in stroke
patients
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Immersive VRBMT was found
e s et
Hsu, et al., | Chronic 52 to 56 computer- Received VRBMT Received MT for of gross manual
5 RCT for 90 days at a | . BBT Lo
2022 (11) stroke years based time for 50 | nine weeks at a dexterity in stroke
desktop . time, twice a day patients
VR-MT minutes each day
system
Both treatments
. n=10 . =10 showed 51'gn1f1cant
IVR  using | Received Virtual lassic MT for 3 effects in the
Sip, et al., | Chronic 40-64 Virtual mirror hand for 3 € a.ss N improvement of
6 RCT . . minutes/day and .
2023 (28) stroke years Mirror minutes/day and . FMA-UE upper  extremity
. a total duration of .
Hand a total duration of 18 davs motor function
18 days y among stroke
patients

NIVR: Non-Immersive Virtual Reality; MT: Mirror therapy; FMA-UE: Fugl-Meyer Assessment Upper extremity, MFT: Manual Function Test; IVR:

Immersive Virtual Reality; VRBMT: Virtual Reality-Based Mirror Therapy; MNs: Mirror neurons; BBT: Box and Block Test
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Table 2. Effects of Virtual Reality-based Mirror Therapy using FMA-UE.

Weight (%)
Study N1 N2 Total SMD SE 9%%ClL | T P -
Fixed Random
In, et al., 2012 11 8 19 0.937 0.469 -0.0528 23.15 23.15
to 1.927
. -0.124
Lin, et al., 2021 9 9 18 0.877 0.472 22.86 22.86
to 1.878
Mekbib, et al, 0.258 to
2021 12 11 23 1.168 0.438 2079 26.6 26.6
Sip,etal, 2023 |10 | 10 20 0316 | 0431 | 0% 2740 | 274
bretat, ' ' to 1.221 ' '
Total (fixed 0.365 to
effects) 42 38 80 0.815 0.226 1264 40 100 100
Total (random 0.365 to
effects) 42 38 80 0.815 0.226 1264 40 100 100
Heterogeneity test
Q 2.0789
DF 3
Significance level | P =0.5562
I2 (inconsistency) | 0.00%
95% CI for I2 0.00 to 81.37
In, et al., 2012 — -
Lin et al., 2021 — -
Mekbib et al., 2021 — L
Sip et al., 2023 — L]
Total (fixed effects) — -
Total (random effects) |- -l
1 1 1 1 1 1 1
-1.0 0.0 1.0 2.0

Standardized
Mean Difference

Figure 2. Forest plot effects of Virtual Reality Mirror Therapy on Upper extremity motor function.

Manual Performance
Two out of 6 included studies measured the manual performance of stroke patients (Table 3 and
Figure 3). All the 2 studies measured manual performance by MFT (12,3). A random effects
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model was chosen and there was moderate heterogeneity (1>=69.89%). Pooled analysis showed
no significant effects of VRBMT (SMD 0.869; 95% CI0.00 to 93.22; P = 0.0684). (Table 3 and Figure
3).

Table 3. Effects of Virtual Reality-based Mirror Therapy on manual performance using MFT

Study NI |N2 |Total |SMD |SE  |95%CI | T p Weight (%)
Fixed | Random
In, et al., 2012 11 8 19 0.294 | 0.446 ~0.648 49.94 | 49.98
to 1.236

Choi, etal., 2019 | 12 12 24 1.444 | 0.446 ggég to 50.06 | 50.02
Total (fixed 0.233 to
effects) 23 20 43 0.87 0.315 1507 2.757 | 0.009 | 100 100
Total (random -0.292
effects) 23 20 43 0.869 | 0.575 to 2.030 1.512 | 0.138 | 100 100
Heterogeneity test
Q 3.3207
DF 1
Significance level | P =0.0684
I2 (inconsistency) | 69.89%
95% CI for 12 0.00 to 93.22

In, et al., 2012 — -

Choi, et al., 2019 — L

Total (fixed effects) - -l
Total (random effects) —  >

-1.0 0.0 1.0 2.0

Standardized
Mean Difference

Figure 3. Forest plot effects of Virtual Reality Mirror Therapy on manual performance

Gross Manual Dexterity
Two out of 6 included studies measured gross manual dexterity in stroke patients (Table 4 and
Figure 4). All the 2 studies measured gross manual dexterity by BBT (12,11). A fixed effects
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model was chosen and there was no heterogeneity (I12=0.00%). Pooled analysis showed no
significant effects of VRBMT (SMD 0.198; 95% CI 0.00 to 0.00; P = 0.6951). (Table 3 and Figure 3).

Table 4. Forest plot effects of Virtual Reality Mirror Therapy on Gross Manual Dexterity using Box and Block test
Weight (%)

Study N1 N2 Total | SMD | SE 95%CI | T P -
Fixed | Random
In, et al., 2012 11 8 19 0.0587 | 0.444 0878 35.88 | 35.88
to 0.995
-0.400
Hsu, etal, 2022 | 18 17 35 0.276 | 0.332 6412 | 64.12
to 0.952
Total (fixed -0.336
effects) 29 25 54 0.198 0.266 to 0.732 0.745 | 0.46 100 100
Total (random -0.336
effects) 29 25 54 0.198 0.266 to 0.732 0.745 | 046 100 100
Heterogeneity test
Q 0.1536
DF 1

Significance level | P =0.6951

I2 (inconsistency) | 0.00%
95% CI for I2 0.00 to 0.00

In, et al., 2012 =

Hsu et al., 2022 —

Total (random effects) |-

L
L
Total (fixed effects) — e
|

-1.0 -0.5 0.0 0.5 1.0

Standardized
Mean Difference

Figure 4. Forest plot efficacy of Virtual Reality Mirror Therapy on Gross Manual Dexterity
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Risk of Bias of Assessment
Cochrane risk of bias of assessment is presented in Table 5.

Blinding of participants
and personnel
Blinding of outcome
assessment

In, et al., 2012

Choi, et al., 2019

Lin, et al., 2021

Mekbib, et al., 2021

Hsu et al., et al., 2022

Sip, et al., 2023

‘ ‘ ' ' “ ‘ Random Sequence Generation
‘ ' ‘ . ‘ ' Allocation concealment
' ' ' “ q‘ Incomplete outcome data

000000 -

Low
@ Uncertain
' High

Figure 5. Summary of risk of bias for selected studies
DISCUSSION

VR is becoming an important tool in the therapy and management of motor dysfunction (13, 23).
In this review, we examined the impact of VRBMT on the following domains: upper extremity
motor function, manual performance, and gross manual dexterity in patients with stroke. This
study systematically reviewed the RCTs in an attempt to clarify the virtual effects of VRBMT on
patients with stroke compared to placebo as well as other therapies such as OT and mirror
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therapy. The outcomes of this meta-analysis revealed that VRBMT did not significantly enhance
stroke patients' gross manual dexterity, manual function, or manual performance. A pooled
review of previous research revealed that VRBMT did not significantly alter motor function in
stroke patients. These findings suggest that despite VRBMT's potential benefits, it may not be
the best rehabilitation technique for restoring upper limb function in stroke patients. However,
previous research's findings supported the viability of mirror treatment as a safe method of
enhancing upper extremity function employing the camera, augmented reflection, and virtual
reality (10).

The current study concluded that VRBMT was found to be effective in improving manual
function and manual dexterity in stroke patients. These findings may be due to less number of
studies on VRBMT in stroke patients. Whereas contrasting findings were found in Kiper, et al
study that VR interventions had a significantly positive impact on shoulder, wrist, and hand
outcomes compared to the control group (18). According to the results of the current study,
stroke patients' manual function and dexterity were not improved by VRBMT. Contrasting
tindings were found in a study published in 2022, that VRMT as a treatment presents promising
clinical results in restoring motor skills and the function of the affected upper extremity for
chronic stroke patients (15). Contrasting findings were found in another study conducted by
Errante, et al. that immersive VR is beneficial to enhance upper limb performance and ADL
performance in stroke survivors since it provides a highly engaging and stimulating
environment (6). The main advantage is that the immersive paradigm promotes balanced
recurrence of the brain since the vestibular organ remains active. Indeed, bilateral brain
activation when using immersive virtual feedback contributes to the improved multisensory
integration of visual and bilateral proprioceptive signals, leading to better motor learning
effects” Thus, immersive VR therapy for early-stage stroke has high therapeutic potential, and
no significant difference exists between the effective approaches in terms of functional outcomes
(15,8). According to some studies, the duration of therapy is a significant factor that influences
outcome in addition to the type of intervention (4). VRMT has more functional benefits when
the intervention dosage is increased. Additionally, one of the research shows that functional
gains persisted for up to six months beyond the conclusion of the training (10).

The findings of our research align with previous literature that highlighted the potential of
virtual VRBMT in stroke rehabilitation. Leong et al. addressed the importance of VR therapies
in enhancing stroke patients' performance in activities of daily living and upper extremity
function (20). Furthermore, more substantial functional improvements may result from
increasing the length and intensity of VR therapy (22). Additionally, Zhang et al. notice that
continuing functional benefits after the training period emphasize the VR-based therapy's long-
term effectiveness in stroke recovery (32). All things taken into account, our study contributes
to the increasing amount of data demonstrating the benefits of virtual reality for improving
motor function and aiding in stroke patients' recovery.

The research findings indicate that VRBMT may not produce statistically significant
improvements in gross manual dexterity, manual function, or motor performance in stroke
patients. Nonetheless, it is important to place these findings in the context of a more extensive
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body of research. It is important to place these findings in the context of a more extensive body
of research. Furthermore, whereas other research has emphasized the significance of goal-
specific sensorimotor input and immersive VR settings in encouraging functional recovery post-
stroke, this study concentrated on gross manual dexterity and manual performance. Variations
in the intervention methods, dosage, duration, and the kind of VR technology used, could be
the cause of the discrepancy in the results.

Moreover, the debate about the duration of the intervention and how it affects results is
consistent with earlier studies suggesting longer intervention durations and higher dosages
might result in more notable functional gains. Although we did not find any noteworthy effects,
the duration and intensity of the intervention may have an impact on VRBMT's potential efficacy
in stroke rehabilitation and a very limited number of RCTs are published on VRBMT.

Whereas this meta-analysis offers insightful information on the efficacy of VRBMT for stroke
rehabilitation overall, it is important to take into account a wider array of research that suggests
a deeper link between VR treatments and functional results in stroke patients. To better
understand how VRBMT improves motor function and aids in stroke recovery, more research
should be done on the best intervention strategies and patient selection standards.

The assessment of risk of bias was based on the author's assessment by utilizing the Cochrane
tool in the following domains, as indicated in Table 5. The randomization sequence and
concealed allocation were generated for all included six studies, which showed a low risk of
bias. Similarly, the blinding of participants and personnel and the blinding of outcome
assessment were considered for all randomized controlled trials representing a high risk of bias.
The low risk of bias was demonstrated among all six studies for selective reporting.

Several limitations of the present review are present which require discussion. First, a small
number of the conducted studies might undermine the strength and validity of the results.
Second, the unequal length of treatment in each study might explain the differences in SMD
scores in stroke patients. Future studies are recommended to address these limitations by
conducting a larger number of RCTs with standardized protocols and outcome measures.
Moreover, further exploration of optimal VRBMT protocols, including dosage, frequency, and
duration, is warranted to elucidate its potential benefits in stroke rehabilitation.

Our meta-analysis concludes that although VRBMT exhibits potential as a novel method for
stroke rehabilitation, its effects on gross manual dexterity, manual performance, and upper
extremity motor function are not statistically significant. To improve VRBMT protocols and their
therapeutic benefits for stroke patients, future research should focus on resolving
methodological flaws.
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