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Abstract

Background: The increasing number of children with cerebral palsy (CP) has a serious impact on individuals, families, and
society. As anew technology, virtual reality (VR) has been used in the rehabilitation of children with CP.

Objective: This study aimed to systematically evaluate the effect of VR training on balance, gross motor function, and daily
living ability in children with CP.

Methods: PubMed, Embase, The Cochrane Library, Web of Science, and China National Knowledge Infrastructure databases
were searched by computer, with the search period being from the establishment of each database to December 25, 2021, to
collect randomized controlled trials (RCTs) on the effects of VR training on balance, gross motor function, and daily living ability
in children with CP. The Cochranerisk of bias assessment tool was used to conduct quality assessment on the included literature,
and RevMan software (version 5.3) was used to analyze data.

Results: A total of 16 articles were included, involving 513 children with CP. VR training can improve the balance function
(Pediatric Balance Scale: mean difference 2.06, 95% Cl 1.15-2.97; P<.001; Berg Balance Scale: mean difference 3.66, 95% ClI
0.29-7.02; P=.03) and gross motor function (standardized mean difference [SMD] 0.60, 95% CI 0.34-0.87; P<.001) of children
with CP. However, there is still certain disagreement on the impact on daily living ability (SMD 0.37, 95% CI —0.04 to 0.78;
P=.08); after removing the source literature with heterogeneity, VR training can improve the daily living ability of children with
CP (SMD 0.55, 95% CI 0.30-0.81; P<.001).

Conclusions: VR training can significantly improve the balance function and gross motor function of children with CP, but the
effect on the daily living ability of children with CP remains controversial.

(IMIR Serious Games 2022;10(4):€38972) doi: 10.2196/38972
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There are about 6 million children with CP in China, and the
number is increasing at a rate of 45,000 per year [3].

Cerebral palsy (CP) is a nonprogressive, persistent syndrome Insufficiency of movement and0 abnormal postu_re are core
occurring in the brain of the fetus or infant [1]. The prevalence  SYmptoms of CP, and about 80% of children with CP have

of CP s very high worldwide, and the prevalence can increase  dySkinesia[4]. Inaddition, children with CPalso have cognitive,
to 20-30 times in preterm or low—birth-weight newborns [2].  Communication, and perception-behavioral disorders; epilepsy;
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and other problems, which gresatly limit their socia participation
and serioudly affect their physical and mental health and quality
of life.

Virtual reality (VR) refers to a virtual environment that is
generated by a computer and can be interacted with. VR can
mobilize the visual, auditory, tactile, and kinesthetic organs of
children with CP, so that they can actively participate in the
rehabilitation exercise. In thisway, the central nerve conduction
and peripheral motor control of children can be coordinated and
unified, which is conducive to the rehabilitation of children [5].
Choi et a [6] conducted VR training for 40 children with CP
for 4 weeks, 5 times a week, for 30 minutes each time. The
study reported that compared with regular rehabilitation, the
children in the VR group showed better results. Gagliardi et al
[7] conducted alongitudinal study on 16 children with CP for
4 weeks, 5 times a week, for 30 minutes each time, and the
results showed that the children’s walking ability and gross
motor function improved. However, there was no significant
change in daily living ability. In addition, a recent systematic
review also showed that the combination of VR training and
conventional rehabilitation training indicates better pure
conventional rehabilitation training [8].

It has become a focus of scholars in China and abroad to
improve the motor ability, abnormal posture, and quality of life
of children with CP. Previous meta-analyses have shown that
VR can significantly improve children’s hand function, balance
function, gross motor function, and walking function [8-11].
The main problem this study intended to addressis (1) whether
VR training can significantly improve children’s balance and
gross motor function after adding new evidence; (2) whether
VR training can significantly improve children’s daily living
ability; (3) whether theimprovement of VR training on children
with different types of CP is different; (4) whether the
improvement of different types of VR on children with CP is
different; and (5) whether different frequencies and periods of
VR training have different improvement on children with CP.
Addressthese problemswill provide abasisfor theformulation
of accurate VR training program for children with CP.

Methods

This study followed the requirements of the International
Meta-analysis Writing Guidelines (The PRISMA [Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement for studies that evaluate health care interventions:
explanation and elaboration) for the selection and use of
methods.

Literature Retrieval Strategy

In this study, 2 researchersindependently retrieved 5 databases
including PubMed, Embase, The Cochrane Library, Web of
Science, and ChinaNationa Knowledge Infrastructure (CNKI1)
to find randomized controlled trials (RCTs) of VR training
effects on balance, gross motor function, and daily living ability
in children with CP. Moreover, the sources of the CNKI
database were limited to Chinese Social Sciences Citation Index
and Chinese Science Citation Database, and the retrieval dates
of all databases were from the establishment of each database

https://games.jmir.org/2022/4/e38972

Liuetd

to December 25, 2021. Supplementation measures were the
tracking of relevant systematic reviews and references of the
included literature. The retrieval adopted the method of
combining subject words with free words—the Boolean
operators “AND” and “OR” were used to combine and
connect—and was determined after repeated prechecks. English
search terms included “cerebral palsy,” “CP’ “children of
cerebral palsy,” “cerebral palsy children,” “virtua reality,”
“VR,” “virtual environment,” “video game,” “clinical trial,”
“randomized controlled trial,” etc. An example of the literature
retrieval strategy for the PubMed databaseis given (Multimedia
Appendix 1).

Inclusion and Exclusion Criteria

Inclusion Criteria
Theinclusion criteriawere as follows:

1. Population for research objects: clinically diagnosed
children with spastic CP; their race and gender are not
limited, and they are aged <16 years

2. Interventions for experimental group: VR training, VR
training combined with conventional rehabilitation training,
or VR training added on the basis of control group training

3. Comparison for control group interventions: daily physical
activities, balance training, conventional rehabilitation
training, or comprehensive rehabilitation training, etc

4. Outcome for outcome indicators. balance function was
evaluated by Berg Balance Scale (BBS) and Pediatric
Balance Scale (PBS); gross motor function was evaluated
using the Gross Motor Function Measure Scale (GMFM),
including GMFM-66, GMFM-E and GMFM-88; and the
ability of daily living was assessed by Pediatric Evaluation
of Disability Inventory (PEDI) and The Functional
Independence Measure for Children (WeeFIM)

5. Study design for study type: RCTs

Exclusion Criteria

The exclusion criteriawere asfollows: non-RCTs; republished
papers or papers with poor-quality evaluation; literature not in
Chinese and English; full text not available; outcomeindicators
did not meet the requirements of this study or data could not be
extracted; and intervention group content did not meet the
reguirements.

Literature Screening and Data Extraction

In this study, 2 researchers independently retrieved literature
from 5 databases and downloaded the retrieved literature into
EndNote X9 software (Clarivate) in batches. After al the
documents from the 5 databases were retrieved, duplicate
documentswerefirst removed in Endnote X9 software. Second,
preliminary screening was carried out by reading the title and
abstract. Third, the papers were screened according to the
inclusion and exclusion criteria of this study. Finally, full-text
readings were conducted to identify studies for final inclusion.

Inall, 2 researchers extracted the data of the basic information
and outcome indicators of the included papers and contacted
the original author by email for unclear or missing datain the
study. When the information extracted by 2 researchers was
inconsistent, athird researcher would participatein adiscussion
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to reach aconsensus. The extracted information included basic
information (author, year, country, sample size, type of CP, and
patient age); experimental characteristics (intervention content,
singleintervention duration, frequency, and cycle); and outcome
indicators. Theresearchers set up atable by reading the articles
that met theinclusion criteriain detail and recording the relevant
information.

Quiality Evaluation of Included Literature

This study used The Cochrane Collaboration’s Tool for
Assessing Risk of Biasto analyzetheliterature using 7 methods:
random sequence generation, allocation concealment, blinding
of subjects and researchers, blinding of raters, incomplete
outcome data, selective reporting, and other biases. These
analysis results were categorized into 3 types of quality
evaluation: low risk, unclear, and high risk. This process was
carried out by 2 researchers independently. In case of
disagreement, a third researcher would join in to discuss and
make a decision. The quality of the literature was divided into
3levels: grade A (low risk, meeting 4 or more items); grade B
(low risk, meeting 2 or 3items); and grade C (low risk, meeting
1 or no items, biaslikely to occur) [12].

Data Analysis

Data analysis was performed using RevMan software (version
5.3; Cochrane) and following the PRISM SA guidelines. The Q

statistic test (P value) and 1? were used to test for heterogeneity.
If there had been statistical heterogeneity between studies

(1%>50%; P<.10), arandom effects model would have been used
for meta-analysis; otherwise, the fixed effects model would
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have been used. In this study, GMFM-66, GMFM-88, and
GMFM-E were combined for gross motor function, and PEDI
and WeeFIM were combined for daily living ability. Therefore,
standardized mean difference (SMD) was used to calculate the
indicators for gross motor function and daily living ability, and
the mean difference (MD) was used to calculate the other
indicators. There were no significant differencesin the outcome
variables between the groups in each comparison at baseline.
At the end of the experiment, we chose scal e scores of both the
intervention group and the control group asthe effect size, which
reflects the intervention effect. Each effect size was given a
point estimate and 95% CI. When P<.05, there was asignificant
difference between the intervention group and the control group,
proving that the meta-analysis results were statistically
significant. Publication bias testing was performed using Stata
software (version 16.0; StataCorp) [13].

Results

Literature Retrieval Results

In all, 2 researchers searched 5 databases, including PubMed
(n=82), Embase (n=191), The Cochrane Library (n=147), Web
of Science (n=359), and CNKI (n=11). A tota of 793 papers
wereretrieved, including 11 Chinese papers, 759 English papers,
and 3 papers [14-16] from the previous systematic review of
other people. After duplicate paperswere excluded by Endnote
X9 software, there were 640 papers|eft. Subsequently, 65 papers
remained after primary screening, and lastly, 16 papers were
left after the full-text rescreening [14-29]. Asaresult, 16 RCTs
were finaly included, as shown in Figure 1.
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Figure 1. Literature screening process.
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Basic Features of Included Studies

A total of 16 articlesrepresenting16 RCTswereincluded—more
specifically, 5 Chinese articles and 11 English articles. The
publication period is from 2013 to 2021, and the countries of
publication are China, Turkey, India, and South Korea. A total
of 513 children with CP were included, and the CP types
included spastic hemiplegia and spastic diplegia The
intervention of the experimental group included virtual
time-limited training and the combination of VR training and
regular rehabilitation training, etc; and the intervention of the
control group included daily physical activities and regular
rehabilitation training. Theintervention duration of VR training
was from 15-60 minutes, the frequency was from 2-6 times a
week, and the cycle was from 3-12 weeks. (Multimedia
Appendix 2).

Quality Evaluation of the Included Literature

A total of 16 RCTs were included in this study, and their risk
of bias was shown in Multimedia Appendix 3. All 16 RCTs
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described the generation of random sequences, among which 6
RCTs [14,17,19,21,23,24] described methods of alocation
concealment, 6 RCTs[18-23] applied the blinding method for
researchers and subjects, 6 RCTs [17,19-21,23,24] used the
blinding method for raters, and all 16 RCTs had compl ete data
and did not selectively report them.

M eta-analysis Results

VR Effects on the Balance Function of Children With
CP

A total of 126 cases of children with CPin 6 RCTs participated
inthe VR training and had relevant scoring conducted by using
PBS evauation, as shown in Figure 2. The results of the
heterogeneity test (1°=33%; P=.19) indicated that there was no
statistical heterogeneity among the studies, so the fixed effects
model was used for analysis. Meta-analysis results showed that
VR training was able to improve the PBS scores of children
with CP(MD 2.06, 95% CI 1.15-2.97; P<.001), indicating that
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VR training could significantly improve the balance function
of children with CP compared to the control group.

A total of 123 cases of children with CPin 3 RCTs participated
inthe VR training and had relevant scoring conducted by using
BBSevaluation, asshownin Figure 3. Heterogeneity test results
(1°=67%; P=.05) indicated statistical heterogeneity between
studies; therefore, the random effects model was used for

Liuetd

analysis. Meta-analysis results showed that VR training was
ableto improve the BBS scores of children with CP (MD 3.66,
95% CI 0.29-7.02; P=.03), indicating that VR training was able
toimprovethe balance function of children with CP significantly
compared to the control group. Since only 3 papers were
included in this analysis, so no sensitivity analysis was
performed.

Figure 2. Forest plot of the effect of virtual reality on the Pediatric Balance Scale scores in children with cerebral palsy. I1V: inverse variance.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Atasawun Uysaletal (2016) 5575 045 12 5391 162 12 91.5% 1.84 [0.89, 2.79]
Choetal (2016) 346 1345 9 302 146 9 0.5% 4.40[9.08 17.88] -
Jha etal (2021 438 .1 19 402 f4 19 6.2%  3.60[-0.06, 7.26) *‘
Jung etal {2021} 478 476 5 358 1013 ] 0.59% 12.00([219,21.81] -
Sajan et al (2017) 187 16.33 10 28 17.71 10 0.4% -6.30[21.23, 863] - 1
Sharan et al (2012) 45 873 8 36.07 14.38 a 06% 8.93[273 2059 T
Total (95% CI) 63 63 100.0%  2.06[1.15, 2.97] |
Heterogeneity: Chi*=7 .48 df= 5P =018}, F=33%

Testfor overall effect Z=4 .44 (P = 0.00001)

25 A0
Favors (experimental)

60 -8 0
Favars (contral)

Figure 3. Forest plot of the effect of virtual reality on the Berg Balance Scale scores in children with cerebral palsy. I1V: inverse variance.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI I, Random. 95% CI
Renetal (2016) 43 3] 19 38 b 16 24.9% 5.00[0.24,8.76] =
Wang et al (2020} 3007 1.04 23 28483 1.02 22 484% 1.54[0.94, 214] |
Yang etal {2019) 4587 B.72 21 39.54 85.38 22 26.2% G.33[1.81,10.85] -
Total (95% CI) 63 60 100.0% 3.66 [0.29, 7.02] e
Heterogeneity Tau®= 5.93; Chi#= 6.14, of= 2 (P = 0.05); F = 67% I 1 ) T 0

Test for overall effect £2= 213 (P =0.03)

Influence of VR on the Gross Motor Function of
Children With CP

A total of 236 cases of children with CPin 7 RCTs participated
in VR training for the impact on their gross motor function, as
shown in Figure 4. Heterogeneity test results (12=5%; P=.39)
indicated that there was no statistical heterogeneity between
studies, so the fixed effects model was used for analysis.
Meta-analysis results showed that VR training improved gross
motor function in children with CP (SMD 0.60, 95% ClI
0.34-0.87; P<.001), indicating that VR training could
significantly improve gross motor function in children with CP
compared to the control group.

Favors (control) Favors (experimental)

A subgroup analysis in terms of CP type, training frequency,
and period is shown in Table 1. The types of CP were divided
into hemiplegia, diplegia, and other types, and the results
showed that, compared to the control group, VR training only
improved the gross motor function of children with hemiplegia
significantly (P<.001). Thetraining frequency wasdivided into
<4 days/week and >4 days/week, and the results showed that,
compared to the control group, VR training >4 days/week
significantly improved the gross motor function of children with
CP (P<.001). The training period was divided into <6 weeks
and =6 weeks, and the results showed that, compared to the
control group, both groups showed significant improvement on
the gross motor function of children with CP (P<.001 and
P=.002, respectively).

Figure 4. Forest plot of the effects of virtual reality on the gross motor function in children with cerebral palsy. 1V: inverse variance.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chenetal (2013 a42 11.7 13 =R 8.8 14 120% 0.30 [-0.45, 1.06] -
Cho et al (2016} 721 MA 9 BFe2 e g 23.0% 0.27 [-0.6R, 1.20] I
Jha et al {2021} a89 B4 19 BEA a1 19 168% 0.37 [0.27,1.01] T
Fin et al (2019 a5 f.32 9 a4 835 q a3.1% 010[-0.82,1.03] N
Yang et al 20200 4573 812 21 8624 736 22 162% 1.21 [0.54, 1.86] e
Huetal (2019) 4702 828 24 4114 TH9 25 207% 071 [0.13,1.24] -
Zhao etal (2018) TIT79 Q.96 21 651 1073 22 181% 073 [0.11,1.39] -
Total {95% CI) 116 120 100.0% 0.60 [0.34, 0.8B7] &>
Heterogeneity: Chi®= .29, df= 6 (P = 0.39); F= 5% t t t

Test for overall effect: £=4.49 (P = 0.00001)
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Table 1. Subgroup analysis of the effects of virtual reality training on gross motor function in children with cerebral palsy.

Group Study, n 12 (%) Model SMD?(95% Cl) P vaue
Type of cerebral palsy
Hemiplegia 2 0 Fixed effects model 0.72 (0.30t0 1.14) <.001
Diplegia 2 0 Fixed effects model 0.28 (-0.24t0 0.81) .29
Other 3 52 Random effects model 0.64 (-0.00 to 1.29) .05
Training frequency
<4 days/week 4 0 Fixed effects model 0.29 (-0.11 t0 0.68) 15
>4 days/week 3 0 Fixed effects model 0.86 (0.51t0 1.22) <.001
Training cycle
<6 weeks 2 0 Fixed effects model 0.72(0.30t0 1.14) <.001
>6 weeks 5 31 Fixed effects model 0.53(0.19t0 0.87) .002

33MD: standardized mean difference.

Effect of VR on the Daily Living Ability of Children With
CP

A total of 274 children with CP from 7 RCTSs participated in
theresearch on the VR training effect on the daily living ability
of CP children, as shown in Figure 5. The results of the
heterogeneity test (12=64%; P=.01) indicated that there was
gtatistical heterogeneity among the studies, so the random effects
model was used for analysis. Meta-analysis results showed that
VR training did not improve the daily living ability of children
with CP (SMD 0.37, 95% Cl —0.04 to 0.78; P=.08), indicating
that, compared to the control group, VR training had no effect
on the daily living ability of children with CP. There was no
advantage in improving the daily living ability of children with
CP.

To explore sources of heterogeneity, a sensitivity analysis was
performed by successive elimination of studies (see Table 2).
After excluding Acar et a [14], there was no significant change
in heterogeneity (SMD 0.45, 95% CI 0.07-0.89; P=.02),
indicating that, compared to the control group, VR training had
a significant effect on the daily living ability of children with

CP. After excluding Atasavun Uysal et al [24] (1%=36%; P=.16),
the fixed effects model was used for analysis (SMD 0.55, 95%
Cl 0.30-0.81; P=.001), indicating that, compared to the control
group, the VR training significantly improved the daily living
ability of children with CP. After excluding other studies, there
was ho significant change in heterogeneity, and the P values of

the effect sizes were all greater than .05. Therefore, Atasavun
Uysal et a [24] may be a source of heterogeneity.

After excluding Atasavun Uysal et al [24], atotal of 250 cases
of children with CP in 6 RCTSs participated in VR training on
their daily living ability, as shown in Figure 6. The results of
the heterogeneity test (12=36%; P=.16) indicated that there was
no statistical heterogeneity among the studies, so the fixed
effects model was adopted for analysis. Meta-analysis results
showed that VR training significantly improved thedaily living
ability of children with CP (SMD 0.55, 95% CI 0.30-0.81;
P<.001), indicating that, compared to the control group, VR
training was ableto significantly improvethedaily living ability
of children with CP.

A subgroup analysis of VR system type, training frequency,
and training period is presented in Table 3. The types of VR
systemswere divided into Wii (Nintendo), Kinect (Microsoft),
and other types. The results showed that, compared to the control
group, only the Kinect system could significantly improve the
daily living ability of children with CP (P<.001). Additionally,
“other types’ only had 1 study and is therefore not
representative. The training frequency was divided into <4
days/week and >4 days/week, and the results showed that,
compared to the control group, both groups significantly
improved the daily activities of children with CP (P=.02 and
P<.001, respectively). The training period was divided into <6
weeks and >6 weeks, and the results showed that, compared to
the control group, VR training for >6 weeks significantly
improved the daily activities of children with CP (P=.005).

Figure5. Forest plot of the effects of virtual reality on the daily living ability in children with cerebral palsy. IV: inverse variance.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SDTotal Weight IV, Random, 95% CI I, Random, 95% CI
Acar etal (2016 467 TSl 15 488 714 15 134% -0.29 [-1.01, 0.43] —
Atasavun Uysal etal (2016) 18005 19.892 12 19281 1043 12 11.7% -0.75 [-1.59, 0.08] —
Jha etal (2021) 952 129 19 895 142 19 145% 0.41 [-0.23, 1.08] T
Sahin et al (2020 11286 102 30 1047 1367 30 167% 0.68[0.15, 1.20] ——
Tarakei etal (2016) 10026 B75 15 955 1047 15 13.3% 0.48[-0.25,1.21] T
U et al (2019) 5387 994 24 4FHE 527 25 156% 0.75[0.17,1.33] —=—
Zhaa etal (2018) 5905 536 21 5445 373 22 147% 0.98 [0.34, 1.61] —
Total (95% CI) 136 138 100.0% 0.37 [-0.04, 0.78] ]‘
Heterogeneity: Tau®= 0.13; Chi= 16.47, df= 6 (P = 0.01); F= 64% 4 2 : 2 4

Testfor overall effect Z=1.77 (P =0.08)
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Table 2. Combined effect of daily living ability after excluding individual studies.
Study eliminated SMD?(95% Cl) Pvalue (combined effect) |2 g5 P value (heterogeneity) ~ Model
Acar et d [14], 2016 0.48 (0.07 t0 0.89) .02 58 .03 Random effects model
Atasavun Uysal et al 0.55 (0.30t0 0.81) .001 36 .16 Fixed effects model
[24], 2016
Jhaet al [17], 2021 0.35 (-0.13t0 0.84) 15 70 .006 Random effects model
Sahinet a [20], 2020  0.30 (-0.19 to (0.79) .23 68 .009 Random effects model
Tarakci et al [23],2016 0.34 (-0.13t0 0.82) 16 70 .006 Random effects model
Xu et a [26], 2019 0.29 (-0.181t0 0.77) .23 67 .01 Random effects model
Zhao et al [28],2018  0.27 (-0.17 to 0.70) 23 62 .02 Random effects model

35MD: standardized mean difference.

Figure 6. Forest plot of the effects of virtual reality on the daily living ability in children with cerebral palsy (excluding Atasavun Uysal et a [24]).

1V: inverse variance.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Acaretal (2016) 46.7 7.91 15 488 714 18 12.6% -0.29 [-1.01, 0.43] _
Jha et al (20213 952 1249 18 895 142 18 157% 0.41 [-0.23,1.08] T
Sahin etal (2020} 11286 102 30 1047 1367 30 24.0% 0B8[015,1.200 —
Tarakcietal (20168 10026 8.75 15 855 1047 15 12.3% 0.48[-0.25, 1.21] T
Huetal (2019) 387 9494 24 4ATBE 52T 25 19.3% 0ra[1r,1.33] —_—
Zhaao et al (2018) 9.05 5.36 21 5445 374 27 16.1% 0.98[0.34,1.61] -
Total (95% CI) 124 126 100.0% 0.55[0.30, 0.81] L 4
Heterogeneity: Chit= 7.67, df= 5 (P = 0.16): F= 36% 2 1 ] 1 2

Testfor overall effect Z=4.23 (F =0.0001)

Favars (contral) Favors (experimental)

Table 3. Subgroup analysis of the effects of virtual reality training on daily living ability in children with cerebral palsy.

Group Study, n 12 (%) Model SMD?2(95% Cl) P value
Virtual reality system type
Wii 2 54 Random effects model 0.09 (-0.66 to 0.85) 81
Kinect 3 0 Fixed effects model 0.69 (0.35t0 1.03) <.001
Other 1 N/AP N/A 0.75(0.17 t0 1.33) 01
Training frequency
<4 days/week 4 36 Fixed effects model 0.39 (0.07 to 0.70) .02
>4 days/week 2 0 Fixed effects model 0.85 (0.421t0 1.28) <.001
Training cycle
<6 weeks 4 60 Random effects model 0.48 (-0.03, to 1.00) .06
>6 weeks 2 0 Fixed effects model 0.61 (0.19to 1.03) .005

35MD: standardized mean difference.

BN/A: not applicable.

Testing of Publication Bias

Since the BBS indicators used in the study were limited, only
the PBS, gross motor function, and daily living ability indicators
were tested by Begg funnel plot. The test result of PBS was
Z=0.75 (P,>|Z=.45); the test result of gross motor function was
Z=0.9 (P,>|z]=.37); and the test result of daily living ability was
Z=1.50 (P,>|2=.13). Therefore, there was no publication bias
in this study (Multimedia Appendix 4).
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Discussion

Principal Findings

VR technology is a new practical technology; it integrates
computer software and hardware, artificial intelligence, sensing,
simulation, and other scientific technologies to give users an
immersive sense and can provide users with the ability to
interact with virtual objects. At present, VR technology has
been widely used in the field of medicine to promote the rapid
recovery of patients [20-32].
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The balance function depends on the central nervous systemin
many aspects. In addition to the central nervous system injury,
children with CP also have skeletal deformity, triceps spasmin
the calf, increased muscle tension on one side, and clubfoot,
which serioudly affect the balance ability of children with CP
[33,34]. VR training can enable children to actively complete
hip flexion, abduction, and external rotation in a standing state,
which is conducive to the improvement of balance function.
VR training can also provide purposeful tasks and give sensory
feedback, which is conducive to the recovery of neurological
function— this in turn improves the balance function [35]. In
this study, PBS and BBS were used to evaluate the balance
function of children with CP. The results showed that VR
training could significantly improve the balance function of
children with CP compared to the control group, which are
consistent with previous studies. Jaume-i-Cap6 et a [36]
conducted VR game training for 9 adult patients with CP for
24 weeks, and the results showed that the balance function of
the patients was significantly improved. Jelsma et a [37]
conducted VR training (Nintendo Wii Fit) for 25 minutes, 4
times aweek for 3 weeks on 14 children with CP, and theresults
showed that the balance and walking function of children with
CP were significantly improved. Pourazar et al [38] conducted
VR training for 10 children with CPfor 20 times, and the results
showed that the balance function of the experimental group was
significantly improved compared to the control group.

VR training, which provides children with CP with a similar
environment to the real world, gives a visual, auditory, and
kinesthetic stimuli and interaction; activates the brain specific
movement area; increases the blood flow of motor cortex; and
prompts the cortical neural and cortex tissue improvement and
restructuring. Therefore, the movement function of children can
be compensated and activated, and motor function isimproved
[39]. In addition, VR training requires children to complete
movements such as running and jumping to improve their motor
function. In this study, GMFM was used to eval uate gross motor
function in children with CP. The results showed that VR
training was abl e to significantly improve gross motor function
in children with CP compared to the control group. The findings
are consistent with previous studies. Collange Grecco et a [40]
performed VR training combined with continuous transcranial
direct current stimulation on children with CP and found that
gross motor function and gait were significantly improved.
Burdea et al [41] conducted VR training for children with CP
3timesaweek for 12 weeksand found that movement disorders
in children with CP were significantly improved. In addition,
a review also showed that VR training was beneficial to the
improvement of gross motor function in children with CP[42].
The results of this study showed that VR training only
significantly improved the gross motor function in children with
hemiplegia but not in children with diplegia, which may be
related to the limited studies involved.

Inthisstudy, WeeFIM and PEDI were used to evaluate the daily
living ability of children with CP. The results showed that there
was significant heterogeneity between studies and that VR
training did not significantly improve the daily living ability of
children with CP compared to the control group. To reduce the
heterogeneity between studies, the method of successive
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elimination of studies was used for sensitivity analysis, and the
results showed that the heterogeneity camefrom Atasavun Uysal
et a [24]. After reading the full text of the paper again, it was
speculated that the main reason was that the PEDI scoring
method was using original scores instead of normative scores,
which led to excessive heterogeneity among studies. After
removing and combining the effect size, it was found that
compared to the control group, the VR training group
significantly improved the children’s daily living ability, which
was consistent with previous studies. Tarakci et a [23]
conducted VR training twice aweek for 20 minutes each time,
for 12 weeks on 15 children with CP, and the results showed
that compared to the control group, the children in the VR
training group had significantly improved their daily living
ability. You et al [43] conducted VR training on children with
CP and found that the cerebral cortex related to self-feeding
and dressing wasimproved. VR training may improvethe daily
living ability of children with CP for the following reasons: the
virtual environment provided by VR training can be highly
consistent with the real world, which is conduciveto mobilizing
all organs of children with CP and transferring skills acquired
by children with CP to daily life; and VR training can provide
avariety of sensory stimulation and feedback information, which
ismore novel than traditional rehabilitation. Therefore, children
aremore actively involved in rehabilitation training with higher
compliance,  which makes the connection  of
peripheral -central -peripheral nerve conduction pathways more
frequent. All these improvements are beneficial to the
rehabilitation of children with CP [44,45]. This study shows
that the Kinect system has a more obvious improvement effect
on children’s daily living ability, whereas the Wii system has
no obviousimprovement effect on children’sdaily living ability.
Thisfinding may be dueto the fact that the Kinect system more
enriched than the Wii system, its sensory stimulation is more
obvious, and the human-computer interaction is more natural
and convenient. In addition, the results of this study showed
that the longer the training cycle, the better the improvement
of gross motor function and daily living ability of childrenwith
CP. Therefore, in future studies, the rehabilitation training time
of children with CP should be extended.

Our study found that VR can improve balance function and
gross motor function in children with CP, which is consistent
with previous studies. After removing the literature with high
heterogeneity [24], the results showed that VR can improve the
daily living ability of children, whichisalso similar to previous
studies. In addition, our study also found that the type of VR
system, the type of CP, and the training time can al affect the
rehabilitation of children.

Limitations

This study only included Chinese- and English-language
literature; theindicatorsincluded werelimited to GMFM, BBS,
and PBS; and the number of studiesincluded in several groups
wasrelatively small in the subgroup analysis, so the conclusions
obtained have certain limitations. The content of VR training
isdiverse; the content of regular rehabilitation isnot consi stent;
and the duration, frequency, and cycle of training are aso
different, which may aso be the reason for the heterogeneity
of studies. Part of the literature included in this study did not
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clarify whether alocation conceal ment was used, the researchers
or subjects were blinded, or the evaluators were blinded, so
there may be bias in the research results.

Conclusions

Meta-analysisresults showed that compared to the control group,
VR training significantly improves the balance function and
gross motor function of children with CP, but the impact on the
socia function of children with CP is still controversial.
Therefore, more RCTs with high quantity and quality are
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suggested to be performed in the future in an effort to further
confirm the treatment effects of VR training on balance function,
gross motor function, and the daily living ability among children
with CP, as well as to offer more solid evidence for clinical
trials. Therefore, we suggest carrying out more high-quality
RCTs with large samples in the future to further confirm the
efficacy of VR training on balance ability, gross motor function,
and the daily living ability of children with CP and provide
more reliable evidence for clinical practice.
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