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REVIEW ARTICLE

The efficacy of virtual reality interventions compared with conventional 
physiotherapy in improving the upper limb motor function of children with 
cerebral palsy: a systematic review of randomised controlled trials 

Mohammed Alrashidia,b,c , Curtis A. Wadeya , Richard J. Tomlinsond, Gavin Buckinghamb and  
Craig A. Williamsa 

aChildren’s Health and Exercise Research Centre, Sport & Health Sciences, University of Exeter, Exeter, UK; bSport and Health Sciences, 
University of Exeter, Exeter, UK; cDepartment of Physical Therapy, Faculty of Medical Rehabilitation Sciences, Taibah University, Madina, KSA; 
dRoyal Devon and Exeter Hospital, Exeter, UK    

ABSTRACT  
Purpose: Cerebral palsy (CP) is the commonest motor disability affecting children. This study reviewed 
the evidence for virtual reality (VR) intervention compared with conventional physiotherapy in upper limb 
function of children with CP. 
Methods: Searches were undertaken in MEDLINE, EMBASE, PEDro, CENTRAL, Web of Science, CINAHL, 
ERIC, ICTRP, EU-CTR, ClinicalTrials.gov and EThOS databases. Only randomised-controlled trials (RCTs) were 
included. Two reviewers independently screened the search results, assessed full-text articles, extracted 
data and appraised the methodological quality by using the Cochrane collaboration’s risk of bias (RoB2) 
tool. Albatross plots were used to synthesise the data. 
Results: Seven RCTs, examining motor function in a total of 202 children with CP, included. Four trials 
used the Quality of Upper Extremity Skills Test (QUEST) as an outcome measure, and three trials used 
grip strength. These outcome measures were utilised to develop two Albatross plots. Data from the plots 
showed contradictory findings of the included studies. 
Conclusions: The effect of VR in the upper limb rehabilitation of children with CP remains unclear. All 
included studies used commercial non-immersive VR games. Future high-quality clinical research is 
needed to explore the extent to which non-immersive and immersive VR is feasible and effective with 
children and adolescents.    

� IMPLICATIONS FOR REHABILITATION 
� The current evidence supporting the use of VR as a rehabilitative tool is weak and uncertain. 
� The current use of VR relies only on commercial non-immersive VR (off-shelf) games, which are not 

adjustable to meet the demands and goals of therapy programmes. 
� Future research is needed to study the therapeutic feasibility of immersive VR with children and 

adolescents. 
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Introduction 

Cerebral palsy (CP) is an umbrella term for a wide range of neuro-
logical disorders of the development of movement and posture that 
occur in the early life of infants and children and persist throughout 
their life [1]. The aetiology of CP is attributed to a non-progressive 
lesion to the developing brain, resulting in motor impairments [2]. 
Globally, the estimated prevalence of CP is approximately 2.1 per 
1000 live births [3]. In the United Kingdom, the estimated CP preva-
lence is between 2.5 and 3.4 per 1000 live births [4]. Impairments to 
the upper limb, comprising the shoulder girdle, elbow joint and hand 
joints, are a common consequence of CP and include muscle tight-
ness or weakness, uncontrolled and/or limited movements, and defi-
cits in coordination [1]. These impairments negatively impact 
children’s ability to perform their daily activities (e.g., eating, brushing, 

writing) and increase their dependence on others to complete these 
tasks [5]. Eventually, these impairments lead to a decline in quality of 
life [6], but can be attenuated through physiotherapy programmes. 

Physiotherapy programmes play a pivotal role in the manage-
ment of patients with CP. Upper limb impairments impact on 
functional daily activities and independence, and the rehabilita-
tion programme is an important component of optimising upper 
limb function [7]. Programmes consist of stretching techniques, 
strengthening exercises, movement facilitation techniques and 
positioning [8,9]. With current advances in technology, the use of 
virtual reality (VR) as a therapeutic tool is becoming more popular 
in CP rehabilitation because it has brought several benefits to the 
rehabilitation outcomes of children with CP [10–12]. Evidence has 
indicated that VR may have the potential to enhance brain plasti-
city and reorganisation through active engagement, auditory and/ 
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or visual feedback, and repetition of tasks, which all help to 
increase motor performance [12]. Furthermore, VR can increase 
the compliance level of children with CP and augment the effect-
iveness of conventional physiotherapy exercises [13]. 

Research has shown that the combination of VR and a rehabili-
tation programme can be a beneficial new therapeutic approach 
for children with CP [14,15]. This combined approach works cru-
cially to enable children to use their upper limb more functionally 
by teaching new functional motor skills, sustaining the effects of 
exercises, and generally improving independence [16]. Several sys-
tematic reviews examining the effect of VR training on children 
and adolescents with CP have been conducted. The first con-
ducted in 2019 by Rathinam et al. [16] reviewed the effect of VR 
on hand function only and neglected to account for the impact 
of all upper limb joints. The second was conducted in 2021 by 
Demers et al. [17] and examined the ways in which motor learn-
ing principles are incorporated into VR interventions targeting the 
upper limb. The third conducted in 2021 by Fandim et al. [18] 
studied the effect of VR on the upper limb but failed to provide 
information on the outcome measure tools that used in the 
included studies. Therefore, each review had limitations and the 
clinical interpretation of the findings is questionable. Furthermore, 
conflicting results from these reviews indicate the need for a new 
review that synthesises the effect of VR interventions on the 
upper limb function with greater transparency regarding the 
selected outcome measures. Therefore, the aim of this review was 
to evaluate and consolidate the existing literature regarding the 
effect of VR training compared with conventional physiotherapy 
programmes on the upper limb motor function of children with 
CP. In addition, this review sought to answer the following 
research question: Does VR training improve the upper limb 
motor function of children with CP compared with a conventional 
physiotherapy programme in clinical settings? 

Materials and methods 

This systematic review was structured in accordance with the 
Preferred Reporting of Items in Systematic Reviews and Meta- 
Analysis (PRISMA) guidelines and recommendations [19] (see 
Appendix 1). The protocol of this systematic review was prospect-
ively registered on the international database of prospectively 
registered systematic reviews in health and social care (PROSPERO 
– registration number: CRD42021226462). 

Search strategy 

A comprehensive systematic search was undertaken in the follow-
ing databases: MEDLINE (via Ovid), EMBASE (via Ovid), the 
Physiotherapy Evidence Database (PEDro), the Cochrane Central 
Register of Controlled Trials (CENTRAL), Web of Science, CINAHL, 
ERIC, International Clinical Trials Registry Platform (ICTRP), EU 
Clinical Trials Register (CTR), ClinicalTrials.gov and British Library e- 
theses Online service (EThOS) and Google Scholar. The search key-
words were pre-structured based on relevance to the question of 
this review. Appendix 2 presents an example of the search strat-
egy that was conducted initially in the MEDLINE database and 
then adapted to the other databases to meet their requirements. 

Inclusion criteria 

Only RCTs published in English were included that compared VR 
games to conventional therapy (e.g., resistance exercises, reach- 
to-grasp facilitation techniques, proprioceptive training or task- 

oriented training) and focused on any upper limb function as the 
primary outcome and conducted in a clinical setting. The justifica-
tion for focusing only on the clinical settings is related to physio-
therapists’ practice and supervision in clinics when ensuring that 
the children are correctly performing the VR tasks without any 
substitution movements. Moreover, it has been shown that main-
taining children’s motivation after multiple weeks of VR practice 
at home can be challenging [20,21], and ensuring a clinical setting 
allows results to be translated to physiotherapy practice. No 
restrictions were applied on the date of publication or the type of 
the upper limb outcome measure. In terms of participants, chil-
dren and adolescents with CP between the ages of 4 and 17 years 
were included, and no restrictions were applied based on the sub-
types of CP (e.g., hemiplegic, quadriplegic) or the sex of 
participants. 

Exclusion criteria 

Other study designs (e.g., cohort, case report, case series, pilot 
studies) were excluded as well as studies conducted in home set-
tings and those not available in English. Studies comparing VR 
and video games to a placebo or other intervention, such as 
hydrotherapy, electrotherapy or manual therapy, were 
also excluded. 

Study selection and data extraction 

The results of the database searches were imported into the 
Covidence systematic review software manager [22]. Two 
reviewers (MA & CW) independently screened the titles and 
abstracts of the studies and excluded any duplicate or irrelevant 
studies. The reference lists of all retrieved studies were also 
screened to find any additional relevant studies. The reviewers 
then screened the full text of the remaining studies and further 
exclusions were performed based on the pre-specified inclusion/ 
exclusion criteria. The remaining studies were eligible for inclusion 
in the review. Any disagreement between the two reviewers were 
resolved through discussion until an agreement was reached or it 
was arbitrated by a third author (GB). 

The following data were then extracted from the eligible stud-
ies and reported in an Excel spreadsheet:  

� Setting and location (country) 
� Participants (CP diagnosis, total sample, number and percent-

age of females, pooled age in years) 
� Sample sizes randomised/analysed in both intervention and 

control groups 
� Inclusion/exclusion criteria 
� Intervention (type, frequency, duration, dose, adverse events) 
� Control (type, frequency, duration) 
� Details of outcome tools used 
� Results 
� Drop-outs/missing data 

Methodological assessment 

The methodological quality of the studies was independently 
appraised by the two reviewers using the Cochrane collabora-
tion’s risk of bias (RoB2) tool [23]. This tool is designed to 
appraise the quality of RCTs and comprises five domains, each 
consisting of a series of signalling questions that are delivered by 
algorithms [24]. The domains provide a rating of bias in the ran-
domisation process, deviations from the intended intervention, 
missing outcome data, measurement of the outcome and 
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selection of the reported result. Each domain is evaluated separ-
ately as follows: “low,” “some concerns” or “high,” and at the end 
of the assessment, an overall bias judgement is made for each 
study based on the five domain scores. 

Data synthesis and analysis 

Given the substantial heterogeneity of the included studies, a 
meta-analysis was not undertaken. Instead, the data were ana-
lysed using the synthesis without meta-analysis (SWiM) technique 
[25]. Albatross plots were created using Stata SE 17 software [26]. 
An albatross plot is a graphical tool that assists in summarising 
multiple studies when meta-analysis is not possible [27]. This stat-
istical technique requires only the standardised mean difference 
(SMD), p value, and the number of participants for each outcome 
in a single study [27]. The SMD was calculated from the post 
intervention means, standard deviations, and sample sizes from 
the included trials. The plot then generates contours that repre-
sent an estimate of effect sizes and indicates if there is a positive, 
negative or null association between the studies. 

The certainty of the body of evidence was assessed using the 
Grading of Recommendations, Assessment, Development and 
Evaluation (GRADE) approach. This approach helps to rate the extent 
to which a body of evidence for each outcome in a review is certain 
and categorises it as high, medium, low or very low in certainty [28]. 
The evaluation for each outcome involves risk of bias, inconsistency, 
indirectness and imprecision. Two reviewers independently 

conducted the assessment using the GRADEpro software tool 
(GRADE Pro 10) [29], and disagreements were solved by discussion 
until a consensus was achieved. After consensus, one GRADE evi-
dence summary table for two outcome measures was developed 
using the GRADEpro tool. In addition, the rating for each domain 
was scientifically justified and noted in the footnote of the table. 

Differences between registered protocol and full review  

� No study reported the outcome of interest that is the 
Peabody developmental motor Scale-Second Edition (PDMS-2). 

� We used RoB2 instead of PEDro tool to appraise the meth-
odological quality of the included studies because of its 
increased reliability to the PEDro scale. 

Results 

Study selection 

The systematic search in the databases identified 1439 studies. No 
further studies were obtained from reviewing the reference lists 
of these articles. After duplicates were removed, the titles and 
abstracts of 1189 articles were screened from which 66 studies 
were assessed in full text. Of these, seven studies met the inclu-
sion criteria, were included in the review, and were critically eval-
uated. Figure 1 shows the PRISMA flow diagram of the 
selection process. 

Figure 1. PRISMA flowchart for the selection process.  
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Characteristics of included studies 

The characteristics of the included studies are presented in 
Table 1. Seven RCTs [15,30–35], with a total of 202 children with 
CP from 7 to 12 years of age (mean age ¼ 9.5 years) were 
included. The sample sizes varied from 20 to 40 participants 
(mean ¼ 30 participants). All studies were conducted in clinical 
settings and used VR and video games as an intervention com-
pared to conventional rehabilitation exercises. Three studies were 

conducted in Turkey [30,31,34], two studies in Saudi Arabia 
[15,32], one study in India [33] and one study in Italy [35]. 

Methodological assessment 

All included studies were critically appraised by two independent 
reviewers using RoB2 tool. The assessment for each outcome 
included the five domain ratings plus the overall judgement. 

Table 1. Characteristics of the included studies. 

Author (location) 
Diagnosis total  

number (n female) 
Intervention group age 

(years) (mean ± SD) 
Control group age 
(years) (mean ± SD) Outcome tools Results  

Acar et al. [30]  
(Turkey) 

Unilateral CP 
30 
(16) 

NintendoVR 

Wii plus NDT 
(45 min a session; 
2 days a week for 
6 weeks). 
(9.5 ± 3.1) 

NDT only (45 min a 
session; 2 days a 
week for 6 weeks). 
(9.7 ± 2.8) 

(a) QUEST, (b) JTHFT, (c) 
ABILHAND-Kids test, 
and d) Pediatric 
Functional 
Independence Measure 
(self-care) 

Intervention and control groups 
had the same improvements 
on the above measures. 

Avcil et al. [31]  
(Turkey) 

Unilateral & bilateral CP 
30 
(13) 

VGBT using Nintendo VR 

wii and LMC games 
(1 h per session; 3 days 
a week for 8 weeks). 
(10.9 ± 4.1) 

NDT-based upper 
extremity therapy (1 h 
per session; 3 days a 
week for 8 weeks). 
(11.1 ± 3.2) 

MMDT, CHAQ, DEI and 
grip and pinch 
strengths using a 
dynamometer. 

The effects of both treatment 
programs on grip strengths 
and functional ability were 
similar beneficial. 

El-Shamy [32]  
(Saudi Arabia) 

Unilateral CP 
30 
(10) 

Armeo robotic therapy 
(for upper limb �
45 min a session; 3 days 
a week for 12 weeks). 
(6.9 ± 0.8) 

Conventional exercises 
(45 min a session; 
3 days a week for 
12 weeks). 
(6.8 ± 0.7) 

MAS and QUEST The study group showed 
significant improvement in 
the mean values of all the 
measured variables, compared 
to those in the control 
group (p< 0.05). 

El-Shamy & El-Banna [15]  
(Saudi Arabia) 

Unilateral CP 
40 
(14) 

Wii training plus 
conventional exercises 
(40 min a session; 
3 days a week for 
12 weeks). 
(9.5 ± 1.2) 

Conventional exercises 
(40 min a session; 
3 days a week for 
12 weeks). 
(9.8 ± 1.4) 

MAS, hand-held 
dynamometry, and 
PDMS-2 

The intervention group had: a 
decrease in the spasticity by 
0.4 out of 4.0 (95% CI 0.1 to 
0.8); power grip strength 
increased by 1.6 kg (95% CI 
0.7–2.5) and pinch grip 
strength by 1.2 kg (95% CI 
0.8–1.6); and Hand function 
(compared to the control 
group) increased by 6 out of 
52 (95% CI 5–7). 

Sajan et al. [33]  
(India) 

Spastic diaplegic/triplegic/ 
quadriplegic CP 
20 
(9) 

Wii games (boxing and 
tennis) for 45 min a 
session; 6 days a week 
for 3 weeks. 
Conventional exercises 
(Swiss ball exercises, 
visual-perceptual skills 
(e.g., ball throwing 
catching) and graded 
mobility training) 

Conventional exercises 
(Swiss ball exercises, 
visual-perceptual skills 
(e.g., ball throwing 
and catching) and 
graded mobility 
training). 
No information 
regarding the 
conventional 
exercises’ frequency 
and intensity. 

Static posturography PBS; 
Box and Block Test; 
QUEST and TVPS 

Significant improvement in 
upper limb functions was 
seen in the intervention 
group but not in the control 
group. For the other 
outcomes, there were no 
significant differences 
between the two groups. 

Tarakci et al. [34]  
(Turkey) 

Spastic and dyskinetic CP 
30 
(13) 

LMC-based training 
(1 h a session; three 
sessions a week for 
8 weeks). 
(10.9 ± 4.1) 

Conventional exercises 
(1 h a session; three 
sessions a week for 
8 weeks). 
(11.1 ± 3.2) 

DHI, JTHFT, 9HPT, CHAQ, 
and a dynamometer. 

After treatment, significant 
differences were found in 
CHAQ, DHI, JTHFT, 9HPT, and 
grip and pinch strength 
scores in almost all groups. 

Zoccolillo et al. [35]  
(Italy) 

Hemiparetic CP 
22 
(not stated) 

VGT (1 h a session; 2 days 
a week for 8 weeks). 
(6.8 ± 1.9) 

NDT (1 h a session; 
2 days a week for 
8 weeks). 
(6.8 ± 1.9) 

QUEST and ABILHAND- 
Kids test 

QUEST scores significantly 
improved in the VGT period 
(p¼ 0.003, from 76 ± 21 to 
81 ± 20), but not in CT 
(p¼ 0.056). Both these 
improvements, of about 5 
QUEST points after VGT and 
of about 2 Abilhand points 
achieved the respective 
minimal clinically important 
differences.  

Abbreviations: CP: cerebral palsy; CT: conventional therapy; CI: confidence interval; SD: standard deviation; VGBT: video game-based therapy; LMC: leap motion con-
troller; NDT: neurodevelopmental therapy; MMDT¼Minnesota Manual Dexterity Test; CHAQ: Childhood Health Assessment Questionnaire; DHI: Duruoz Hand Index; 
9HPT: nine-hole peg test; BOTMP-SF: Bruininks-Oseretsky Test of Motor Proficiency-Short Form; QUEST: Quality of Upper Extremity Skills Test; JTHFT: Jebsen Taylor 
Hand Function Test; PDMS-2: Peabody Developmental motor scale-2nd edition; MAS: Modified Ashworth Scale; PBS: The paediatric Berg’s balance scale; TVPS: Test 
for Visual-Perceptual Skills.
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All included studies’ outcomes demonstrated a high risk of bias 
(Figure 2). 

Synthesis and analysis of results 

Due to the diverse data in the included studies, two albatross 
plots were developed to synthesise two outcome measures; four 
trials [30,32,33,35] used the Quality of Upper Extremity Skills Test 
(QUEST) and three trials [15,31,34] used grip strength as an out-
come measure. According to the pooled summary of the QUEST 
plot (Figure 3), only the study by El-Shamy [32] showed a highly 
significant improvement (p< 0.001) and a very large effect size 
for all subtests and the total score between intervention and con-
trol groups post the intervention. The other 3 trials did not find a 
difference between the intervention group and control group 
post intervention. However, Zoccolillo et al. [35] found a signifi-
cant moderate effect size within the intervention group (pre-post 
change p¼ 0.03) for the total score (the study’s authors did not 
measure the QUEST subtests). Acar et al. [30] found no significant 
differences between VR and control groups, though the grasp 
subtest was better in the control group. Interestingly, Sajan et al. 
[33] found a statistically significant improvement in the total 
score, grasp and dissociated movement subtests of QUEST in the 
VR group (p¼ 0.027) but not in the control group (p¼ 0.109). 
Regarding the pooled summary of the grip strength plot (Figure 
4), El-Shamy and El-Banna [15] showed a very large effect size, 
whereas Avcil et al. [31] and Taracki et al. [34] showed a small 
effect size, and no statistical differences were found 
between groups. 

Grading the evidence 

According to the GRADE assessment, the certainty of the evidence 
that VR training is effective in improving upper limb motor func-
tion in children with CP were rated as very low (Table 2). 

Discussion 

The aim of the present study was to review the current evidence 
as to whether VR intervention is effective in the upper limb 
rehabilitation of children with CP compared with conventional 
physiotherapy. In summary, this systematic review found that the 
current evidence supporting the use of VR as a therapeutic tool 
in the upper limb rehabilitation of children with CP is weak. There 
is also a lack of high quality research studies comprising large 
sample sizes in VR and CP rehabilitation. Additionally, this review 
showed that the seven included studies reported conflicting 
results, and high risk of bias was identified across all these stud-
ies. Therefore, the effect of VR in the upper limb rehabilitation of 
CP children in clinical settings remains unclear and inconclusive. 
Our findings are similar to those reported by Fandim et al. [18] 
and Rathinam et al. [16], however, there are some important dif-
ferences between our review and these reviews. The findings of 
Fandim and colleagues are difficult to interpret because they 
assessed the upper limb as an outcome without any clarification 
of the outcome measure tools used in the included studies. 
Rathinam and colleagues examined the effect of VR intervention 
on hand function only, while in our review, we examined the 
effect of VR intervention on all the upper limb functions, to have 
a broader scope of the role and effect of VR. Within rehabilitation 
practice, it can be difficult to neglect the salient involvement of 
elbow and shoulder joints in hand stability, movement, and func-
tion tasks. 

The results of the study by El-Shamy [32] are consistent with 
those of Sajan et al. [33] who found that upper limb function 
improved significantly in the VR group but not in the control 
group (pre-post change). The VR training was very intensive in 
the studies by El-Shamy [32] and Sajan et al. [33] whose findings 
may be explained by the results of two meta-analyses [36,37], 
which found that the more intensive VR training is the more likely 
it is to obtain positive outcomes. Therefore, it could be argued 
that the positive results were due to the intensity of training, not 
the nature and/or quality of VR. Another possible explanation is 
that small-sample studies are more likely to result in larger effect 

Figure 2. Risk of bias assessment.  
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sizes compared to large-sample studies and the effect sizes in 
small studies are more highly variable than large studies [38]. This 
may introduce a potential risk of publication bias, as studies with 
negative results are less likely to be published [39]. Zoccolillo 
et al. [35] and Shin et al. [40] similarly found that a VR group has 
better hand improvement compared to control group. Although 

the results of Zoccolillo and colleagues showed positive outcomes 
with VR, the data might not be externally valid to support the 
benefits of VR in upper limb rehabilitation because the study 
relied on a very small sample size (eight in the VR group and 11 
in the conventional group). Furthermore, the data from Zoccolillo 
et al. [35] should be interpreted with caution due to its high 

Figure 3. Albatross plot of QUEST.  

Table 2. Certainty of the evidence (GRADE).  

Certainty assessment No. of patients Certainty 

Comments 
No. of  
studies 

Study  
design Risk of bias Inconsistency Indirectness Imprecision 

Other  
consideration Intervention Control 

Overall  
score  

QUEST (follow-up: mean 12 weeks; assessed with Questionnaire)  
4 Randomised  

trials 
Very  

seriousa 
Very  

seriousb 
Not  

seriousc 
Very  

seriousc,d 
None 51 51 �€€€ 

VERY LOW 
The evidence is very 

uncertain about the 
effect of VR 
interventions on 
QUEST outcomes. 

Grip strength (assessed with hand-held dynamometry)  
3 Randomised  

trials 
Very  

seriousa 
Not  

seriousb 
Not  

seriousc 
Very  

seriousc,d 
None 50 50 �€€€ 

VERY LOW 
The evidence is very 

uncertain about the 
effect of VR 
interventions on grip 
strength outcomes.  

Abbreviation: QUEST: quality of upper extremity skills test. 
Explanations: 
aJudged “High” using Cochrane Risk of Bias 2. 
bDowngraded two levels. Methodological diversity between populations and interventions. Unable to pool in meta-analysis due to variability in reporting (i.e., some 
studies reported sub tests and/or total scores). Effect sizes between studies were very diverse. 
c<400 participants in the analysis (Ryan, 2016). 
dImprecise estimate due to large variability in effect sizes between studies.
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drop-out rate (41%; 9 out of 22), with four participants dropping 
out in the first phase and a further five dropping out in the wash-
out phase. Contrary to the previous three trials, Acar et al. [30] 
did not find a significant difference between the VR and control 
groups, a finding that was similarly reported by Bedair et al. [41]. 
A possible explanation for the results of Acar et al. [30] may be 
attributed to insufficient exposure to VR training, as the children 
in the VR group received only 15 min of Wii training per session, 
while the control group received conventional exercises for 
45 min per session. 

The grip strength findings of El-Shamy and El-Banna [15] 
showed a very large effect size for the VR group, which may be 
related to the intensive VR training and/or may stem from the 
small sample size present in this study. It may also be that these 
participants in the VR group benefitted from the additional one 
hour of conventional physiotherapy, including passive stretching 
for upper limb flexors, strengthening of upper limb extensors, 
weight-bearing exercises for the upper limbs, and hand facilitation 
techniques for reach to grasp and hand manipulation skills, 
Moreover, the researchers reported that children’s compliance 
during the 12 weeks was good, which is an indication of the 
potential of VR and video games to provide a motivational envir-
onment in CP rehabilitation. In the study by Avcil et al. [31], VR 
was found to cause a slight but significant improvement in the 
grip strength compared to the control group. This study supports 
evidence from previous research that found VR can improve the 
upper limb motor function of children with CP [42]. However, 
with a small sample size, caution should be exercised, and the 

findings might not be generalisable to the whole CP population. 
The findings from Tarakci et al. showed that the conventional pro-
gramme was as effective as VR in all subtests of grip strength. 
These results reflect those of Chiu et al. [43] who also found that 
VR was as effective in improving the hand function and strength 
as conventional exercises. 

As with all studies there are a number of limitations to con-
sider. A potential limitation of this review is that we excluded 
non-RCTs, and this might have caused us to eliminate important 
data from other experimental studies. Also, we did not examine 
the safety of using VR intervention with children. In this review 
the findings were based on only two outcome measures (i.e., 
QUEST and grip strength), and this might have caused us to 
exclude evidence that used whole-body outcome measures that 
also include elements pertaining to the upper limb. From a clin-
ical perspective, it is a questionable whether the grip strength is a 
comprehensive enough outcome measure. It can provide an 
insight about the hand strength, but not dexterity, endurance 
and/or function; and therefore, future studies need to carefully 
consider the selection of primary outcome measures and consider 
that the selected measures should be ecologically valid, to ensure 
more meaningful rehabilitation outcomes are reflected in daily 
activities. It is worth mentioning that there are limitations related 
to the current published literature; for example, the included 
studies were diversely reported and used heterogeneous proto-
cols and small sample sizes. Future research with more robust, 
valid and consistent protocols and large-sample sizes is therefore 
suggested. Also, a high risk of bias was found in all included 

Figure 4. Albatross plot of Grip strength.  
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studies. Therefore, future studies need to consider the randomisa-
tion sequence and ensure how this sequence is concealed from 
assessors. Additionally, future studies should be more transparent 
in reporting how the allocation concealment was met. 

We noted that all included studies used commercial non- 
immersive VR, which is not designed for paediatric rehabilitation 
and thus may not have the necessary adjustments for the thera-
peutic demands and goals. However, evidence shows that non- 
immersive VR is a useful tool for maintaining the long-term effect 
of exercises and for use during home exercise rather than in the 
clinical environment [37]. Immersive VR (iVR), such as head- 
mounted displays, provides a three-dimensional environment in 
which the users can interact with virtual tasks [44]. The low cost 
and portability of this type of VR make it likely to become more 
popular and accessible. Moreover, this type of VR can help clini-
cians to individualise virtual tasks to meet each patient’s goals, 
which could be justified by the flexibility of the computerised 
ecosystem compared to the closed commercial video games. 
Equally important, iVR can help assess patient prognosis by cap-
turing movement kinematics via the included cameras and con-
trollers [45]. Despite these promising traits, there is no evidence 
regarding the iVR with children and adolescents with CP, and this 
would thus be a fruitful area for further research. To develop a 
full and initial picture about the role of iVR in CP rehabilitation, 
future research is required to initially establish the viability of iVR 
with children and adolescents without CP to provide evidence 
that iVR is feasible to be used as a therapeutic tool with children 
with CP. Also, the prolonged exposure to iVR can provoke motion 
sickness symptoms, e.g., nausea, dizziness, disorientation [46], and 
this can be an important point to consider in future research to 
investigate the adverse effects of using iVR with children. The cur-
rent evidence explained that integrating a new therapeutic inter-
vention into clinical practice may pose some barriers and 
challenges [47]; therefore, future research is needed to explore 
the potential barriers and/or challenges to implementation of iVR 
in CP rehabilitation. 

Conclusion 

This study found that the evidence that VR utilisation improves 
two important outcomes measurements (i.e., QUEST and grip 
strength) of upper limbs is uncertain. Currently, better designed 
and more robust data is required before it is possible to conclude 
about the utilisation of VR in CP physiotherapy practice. This 
review also showed that the current use of VR in CP rehabilitation 
relies only on non-immersive VR. Therefore, future clinical practice 
and research is needed to explore the extent to which iVR is feas-
ible and effective for children and adolescents with CP. 
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Appendix 1.  PRISMA checklist   

Section and Topic Item # Checklist item 
Page where item  

is reported  

TITLE   
Title 1 Identify the report as a systematic review. 2 

ABSTRACT   
Abstract 2 See the PRISMA 2020 for Abstracts checklist.  

INTRODUCTION   
Rationale 3 Describe the rationale for the review in the context of existing knowledge. 3  
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 4 

METHODS   
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for 

the syntheses. 
5  

Information sources 6 Specify all databases, registers, websites, organisations, reference lists and other sources 
searched or consulted to identify studies. Specify the date when each source was last 
searched or consulted. 

4 & 5  

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters 
and limits used. 

5  

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, 
including how many reviewers screened each record and each report retrieved, whether 
they worked independently, and if applicable, details of automation tools used in 
the process. 

5 & 6  

Data collection process 9 Specify the methods used to collect data from reports, including how many reviewers 
collected data from each report, whether they worked independently, any processes for 
obtaining or confirming data from study investigators, and if applicable, details of 
automation tools used in the process. 

5 & 6  

Data items 10a List and define all outcomes for which data were sought. Specify whether all results that 
were compatible with each outcome domain in each study were sought (e.g., for all 
measures, time points, analyses), and if not, the methods used to decide which results 
to collect. 

5 & 6 

10 b List and define all other variables for which data were sought (e.g., participant and 
intervention characteristics, funding sources). Describe any assumptions made about any 
missing or unclear information. 

8  

Study risk of bias assessment 11 Specify the methods used to assess risk of bias in the included studies, including details of 
the tool(s) used, how many reviewers assessed each study and whether they worked 
independently, and if applicable, details of automation tools used in the process. 

6  

Effect measures 12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in the 
synthesis or presentation of results.   

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g., 
tabulating the study intervention characteristics and comparing against the planned 
groups for each synthesis (item #5)). 

5 

13 b Describe any methods required to prepare the data for presentation or synthesis, such as 
handling of missing summary statistics, or data conversions.  

13c Describe any methods used to tabulate or visually display results of individual studies 
and syntheses. 

7 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If 
meta-analysis was performed, describe the model(s), method(s) to identify the presence 
and extent of statistical heterogeneity, and software package(s) used. 

7 

13e Describe any methods used to explore possible causes of heterogeneity among study results 
(e.g., subgroup analysis, meta-regression).  

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results.   
Reporting bias assessment 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising 

from reporting biases). 
7  

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for 
an outcome. 

7 

RESULTS   
Study selection 16a Describe the results of the search and selection process, from the number of records 

identified in the search to the number of studies included in the review, ideally using a 
flow diagram. 

7 & 8 

16 b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and 
explain why they were excluded. 

8  

Study characteristics 17 Cite each included study and present its characteristics. 8  
Risk of bias in studies 18 Present assessments of risk of bias for each included study. 8  
Results of individual studies 19 For all outcomes, present, for each study: (a) summary statistics for each group (where 

appropriate) and (b) an effect estimate and its precision (e.g., confidence/credible interval), 
ideally using structured tables or plots. 

9  

Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among 
contributing studies. 

9 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for 
each the summary estimate and its precision (e.g., confidence/credible interval) and 
measures of statistical heterogeneity. If comparing groups, describe the direction of 
the effect. 

9 

20c Present results of all investigations of possible causes of heterogeneity among study results.  
20d Present results of all sensitivity analyses conducted to assess the robustness of the 

synthesized results.  
(continued) 
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Appendix 2.  Search strategy 

Database: Ovid MEDLINE(R) ALL <1946 to March 15, 2022>

Search Strategy:   

1. cerebral palsy.mp. (41658) 
2. virtual reality.mp. (23481) 
3. virtual gam�.mp. or virtual reality exposure therapy/(813) 
4. video gam�.mp. (7245) 
5. exergam�.mp. (842) 
6. augmented reality.mp. or augmented reality/(3023) 

7. mixed reality.mp. (507) 
8. 2 or 3 or 4 or 5 or 6 or 7 (32810) 
9. conventional physiotherapy.mp. (596) 

10. functional training.mp. or functional training/(1711) 
11. exercise therapy.mp. (5916) 
12. upper limb therapy.mp. (125) 
13. hand function�.mp. (11051) 
14. 9 or 10 or 11 or 12 or 13 (19218) 
15. 1 and 8 and 14 (39) 

Appendix 1. Continued. 

Section and Topic Item # Checklist item 
Page where item  

is reported   

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for 
each synthesis assessed.   

Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each 
outcome assessed. 

9 

DISCUSSION   
Discussion 23a Provide a general interpretation of the results in the context of other evidence. 9 

23b Discuss any limitations of the evidence included in the review. 12 
23c Discuss any limitations of the review processes used. 12 
23d Discuss implications of the results for practice, policy, and future research. 9,10,11,12 

OTHER INFORMATION   
Registration and protocol 24a Provide registration information for the review, including register name and registration 

number, or state that the review was not registered. 
4 

24b Indicate where the review protocol can be accessed, or state that a protocol was 
not prepared. 

4 

24c Describe and explain any amendments to information provided at registration or in 
the protocol.   

Support 25 Describe sources of financial or non-financial support for the review, and the role of the 
funders or sponsors in the review. 

13  

Competing interests 26 Declare any competing interests of review authors. 13  
Availability of data, code   

and other materials 
27 Report which of the following are publicly available and where they can be found: template 

data collection forms; data extracted from included studies; data used for all analyses; 
analytic code; any other materials used in the review.   
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