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Abstract This study examined the effect size of virtual reality programs on the upper extremity function
of stroke patients through a meta-analysis. Databases, such as the Research Information Sharing Service,
the Korean Studies Information Service System, the National Library of Korea, the Korean Citation Index,
and the National Digital Science Library, were used. Previous articles were surveyed for virtual reality
programs between January 2010 and June 2019. A meta-analysis was performed by selecting the final 14
studies based on the PICO standard. The RoB and RoBANS tools were used as quality assessment tools
for randomized and non-randomized control trials, respectively. The CMA 3.0 program was used to
calculate the effect size of each study. Sub-group analysis, meta-regression analysis, and publication bias
were performed. The total effect size of the virtual reality programs on the upper extremity function was
Hedges's g=0.390 (95% CI: 0.192~0.587) (p<.05). The virtual reality program positively affects the upper
extremity function of stroke patients. Therefore, the development of various virtual reality programs and
industry-academia cooperation technology for stroke patients is required in accordance with the fourth
industry. Randomized control trials and detailed upper extremity function studies for virtual reality
programs will be needed in follow-up studies.
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Fig. 1. PRISMA flow chart
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Table 1. Methodological evaluation of RCT study using RoB tool

. Random Allocation Blinding of Blinding of Incomplete Selective
First author, year sequence . outcome .
. concealment participants outcome reporting
generation assesment
Go, 2019 low low unclear low low low
Hwang, 2019 high unclear unclear unclear low low
Ji, 2016 low high unclear unclear low low
Kim, 2013 low unclear low low low low
Kim, 2018 low unclear unclear low low low
Kim, 2017 high unclear unclear low low low
Lee, 2013 high unclear unclear low low low
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Table 2. Methodological evaluation of NRCT study using RoBANS tool

. Selection of Confounding Measurement of Blinding of Incomplete Selective
First author, year . ) ) . outcome .
participants variables intervention outcome data reporting
assesment
Bae, 2017 low unclear low low low low
Jang, 2013 low high low low low low
Jeon, 2017 low low unclear unclear low low
Kim, 2010 low unclear low low low low
Kwon, 2018 low unclear low low low low
Park, 2017 low unclear low unclear low low
Song, 2011 low unclear low low low low
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Fig. 2. Forest plots for overall effect size of upper extremity function after virtual reality programs

Table 3. Overall effect size of upper extremity function after virtual reality programs

95 % CI Heterogeneity
K Hedges’s g
Lower Upper Q df p I
14 0.390 0.192 0.587 6.860 13 0.909 0 %

*K=number of effect size; 95 % CI=95 % confidence interval; Q=Observed weighted sum of squares; df=degree of freedom; p=p value
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Table 4. Result of sub-group analysis by the publication type and study design

95 % CI Heterogeneity
Category Sub-group K Hedges’s g
Lower Upper Q df p

NRCT 7 0.386 0.102 0.670

Study design 0.002 1 0.969
RCT 7 0.394 0.119 0.668
Journal 5 0.463 0.154 0.771

Publication type 0.359 1 0.549
Thesis 9 0.340 0.083 0.597

*K=number of effect size: 95 % CI=95 % confidence interval; Q=Observed weighted sum of squares: df=degree of

freedom;

p=p value; NRCT=non-randomized controlled trial; RCT=randomized controlled trial
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Appendix 1. Characteristics of studies included in the analysis

Virtual Reality

Characteristic Based Rehabilitation Therapy Outcome
First author, year Effect Publication Stu'dy Sessio
size type design Dura .
Interv Contro . R n Length Upper extremity
. Invention tion N R
ention | (numb (min) function
(wk)
er)
Virtual
Bae, 2017 0.217 Journal NRCT 15 - reality-based task training 4 12 30 ROM, BBT
group using a smart glove
Virtual
Go, 2019 0.321 Thesis RCT 14 15  reality-based task training 8 40 30 FII;/[_AWI\IX[?,?
group using a smart glove
Virtual MFT, BBT,
Hwang, 2019 0.325 Thesis RCT 16 15  reality-based task training 5 25 30 Hand strength test,
group using a smart glove Surface EMG

Virtual reality-based task
Jang, 2013 0.365 Thesis NRCT 7 8  training group using finger 3 15 30 JHFT, BBT, PPT
training application

Virtual JHET, BBT,
Jeon, 2017 0.421 Thesis NRCT 11 11  reality-based task training 4 20 30 Hand strength test,
group using visual feedback ROM
. . Virtual reality K-FMA,
Ji, 2016 0.145 Thesis RCT 16 16 training with m-CIMT 2 10 30 K-rNSA
X Virtual reality -
Kim, 2010 0.296  Journal NRCT 8 6 . X ; 5 25 30 MFT
training using a Nintendo
. Virtual reality FMA, ARAT,
Kim, 2013 0717 Journal RCT 15 15 training using a Nintendo 6 18 30 K-WMFT

Virtual reality-based task
Kim, 2018 0.212 Thesis RCT 20 10 training group using a 6 30 30 FMA, MFT
RAPAEL smart glove

Virtual reality-based task

Kim, 2017 1080  Thesis RCT 12 g TAMREEOWDWEREL 4 50 MFT, BBT
pia VR EYES
Virtual reality-based task
Kwon, 2018  0.842  Journal NRCT 16 16~ Temmssoupusinga o o g BBT, OHPT,
smart FMA
glove
Lee, 2013 0.164 Thesis RCT 15 19 Virtual reality training using 4 20 30 FMA, MMT,
a rehabmaster ROM

Virtual reality-based task
Park, 2017 0.216 Thesis NRCT 9 8 training group using a 6 30 30 WMFT
RAPAEL smart board

Virtual reality training using 5

Song, 2011 0.436  Journal NRCT 10 10 2 Nintendo

25 40 MFT, MMT

* 9HPT=9-Hole pegboard test, ARAT=Action research arm test, BBT=Box and block test, EMG=Electromyograph, FMA=Fugle-meyer
assesment, JHFT=Jebsen-taylor hand function test, K-WMFT=Korean-Wolf motor function test, m-CIMT=modified Constraint-induced
movement therapy, MAS=Motor assesment scale, MFT=Manual function test, MMT=Manual muscle test, PPT=Purdue pegboard test,
ROM=Range of motion, WMFT=Wolf motor function test
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