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A B S T R A C T

Background: Interactive computer play (ICP) becomes popular in rehabilitation for children with cerebral palsy
(CP). With the nature of ICP, it could be an effective intervention specifically to improve balance and postural
control for children with CP. The present paper aimed to review the effectiveness of ICP on postural control and
balance for children with CP.
Methods: Electronic databases including Medline, AMED, EBSCOhost, PsycINFO, Embase, the Cochrane Library
and the DARE were searched up to September 2018. Studies were included if (1) participants were aged under 18
and had CP, (2) ICP intervention was performed, (3) an explicit objective was postural control and balance of the
participants, and (4) results were fully published in English-language peer-reviewed journals. Characteristics of
study participants, ICP protocols and study results were extracted. Level of evidence of each studies was graded
using the guidelines from the American Academy of Cerebral Palsy and Developmental Medicine.
Methodological quality was graded using the Physiotherapy Evidence Database (PEDro) scale. Effect sizes were
calculated on available data.
Results: Twenty studies were included, with nine of level I or II evidence. Most studies had fair methodological
rigor. Huge variations in the study designs and protocols of ICP were found among the studies.
Conclusions: ICP seemed to be more effective than conventional therapy in improving postural control and
balance, with medium to large effect sizes for children with mild to moderate severity of CP. Future studies of
high methodological rigour are required to verify the role of on-site guidance of the children during ICP and the
effect on children with more severe CP.

Although cerebral palsy (CP) is a non-progressive lesion of the de-
veloping central nervous system, it affects the control of movements
and posture in children [1]. Children with CP are usually classified
using the Gross Motor Function Classification System (GMFCS) into five
levels according to age-specific gross motor function [2]. Children of
levels I and II can generally walk without aids while children of level III
can walk with aids for short distances but use wheeled mobility in
community settings. Children of level IV have limited ability in
standing, stepping and transfer between positions. Children of level V
are completely dependent on others for transportation and lack anti-
gravity postural control [2]. Regardless of their GMFCS levels, children
with CP have been shown to demonstrate problems in their postural
control in sitting and standing [3,4]. In sitting, the main deficit in
postural control is lack of ability to recruit direction-specific muscles for
children of GMFCS levels IV and V or inability to fine-tune the degree of
muscle contraction to specific situations for children of levels I and II

[3]. Excessive contraction of antagonists is a common compensatory
strategy of children of all levels [3]. In standing, children of GMFCS
levels I to II use more proximal muscles in the hips to maintain their
balance, unlike typically developing children, who use more distal
muscles [4]. As in sitting, co-contraction of muscles around the joint is a
common compensation for inadequate postural control in standing.
These ineffective strategies to compensate for their imbalance in sitting
and standing cause early fatigue and affect the children’s daily function,
such as desk work at school, transfer between positions and ambulation
[5].
In the last decade, with the advances in computer technology, in-

teractive computer play (ICP) has become a popular means of re-
habilitation for people with motor impairments, including children
with CP [6–16]. During ICP, a child interacts and plays with virtual
objects in a computer-generated environment, through the use of a
computer console or platform and specialised software, allowing the
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child to control the games through their body movements [8]. The
computer games are designed to be fun and enjoyable, so that the child
will repeat the required body movements numerous times to get a high
score in the game without losing interest. These numerous repetitions
(essentially mass practice) and feedback via the game scores (knowl-
edge of performance and results) are important in motor learning and
enhancing neuroplasticity [17]. Hence, ICP may be a feasible way to
improve balance and postural control in children with CP, being one of
the rare modalities in which children have to actively control and move
their trunk in a task-specific context to score in the games.
To date, 11 systematic reviews have been published to investigate

the effectiveness of ICP in rehabilitation compared with the conven-
tional therapies [6–16]. These reviews vary greatly in their inclusion of
studies and, as a result, in their conclusions regarding this intervention.
All except three [6,9,16] included studies on population groups other
than CP. All except three [11,12,16] included studies on children only.
All of these reviews examined the effectiveness of ICP on different as-
pects of sensori-motor function and motivation of the participants.
None of the reviews focused on the effectiveness of ICP on balance and
postural control for children with CP.
The present systematic review aimed to examine research evidence

of the effectiveness of ICP in improving postural control and balance
when compared with conventional therapy for children with CP. With
the rapidly increasing number of publications in this area in the last
decade [11], the time was considered ripe to report on the efficacy of
ICP for this population group so that clinicians could make an informed
decision about this intervention for their clients.

1. Method

1.1. Inclusion and exclusion criteria

Studies were included if (1) participants were aged 18 years or less,
(2) participants had CP, (3) participants received ICP as a sole inter-
vention or in addition to conventional therapy, (4) it was explicitly
stated that to examine the effect of ICP on balance and postural control
of the participants was one of the study objectives, and (5) the results
were published in full in English-language peer-reviewed journals.
Relevant data from studies consisting of a mixed group of participants
with CP and other neurological disorders were only included if the
results for participants with CP could be separated. The same principle
was applied for those studies consisting of both children and adult
participants, i.e. data on the children were only included if able to be
separated. Studies using ICP merely as a means to facilitate another
intervention, e.g. use of virtual reality during treadmill training, were
excluded.

1.2. Search strategy

A selection of databases including Medline (via Ovid), AMED,
EBSCOhost (CINAHL complete, Academic Search Premier,
SPORTDiscus and Medline 1965+), PsycINFO, EMBASE, the Cochrane
Library and the DARE were searched from the earliest date available in
each database to November 1, 2018. These databases were chosen to
cover a variety of disciplines and mixed fields of biomedical clinical
practice and health. The terms ‘video games’, ‘computer games’,
‘commercial games’, ‘serious games’, ‘virtual reality’, ‘augmented rea-
lity’, ‘Play Stations’, ‘X-box’, ‘Nintendo’, ‘Wii’ and ‘Kinect’, ‘cerebral
palsy’ and ‘postural control’, ‘trunk control’, ‘posture’ and ‘balance’
were searched as a combination of subject headings and free text.
Examples of search strategies are provided as a supplementary material
of this manuscript. Appropriate Boolean symbols and linking terms
were used. The results were further limited to studies involving children
aged 18 years or less. The reference lists of key papers and known
systematic reviews were also searched for citation tracking and by hand
to ensure that relevant articles were not missed. The titles and abstracts

of articles identified in the initial search were firstly screened against
inclusion and exclusion criteria. No authors of included and excluded
studies were approached to retract missing data. Data on study char-
acteristics, protocols of ICP and results was extracted. Effect size would
be calculated if adequate study data was available.

1.3. Levels of evidence and quality assessment

The level of evidence of each included study was graded according
to the guidelines from the American Academy of Cerebral Palsy and
Developmental Medicine Treatment Outcome Committee for the de-
velopment of systematic reviews [18]. This classification of levels of
evidence is a modification of Sackett’s hierarchy of levels of evidence
[19], which also grades single-subject research designs, Details of the
classification are also provided as a supplementary material of this
manuscript [18].
The Physiotherapy Evidence Database (PEDro) scale was also used

to assess the methodological rigour of the included studies [20]. The
PEDro scale examines 11 aspects of methodological rigour: (1) elig-
ibility criteria specified; (2) randomisation of participants; (3) con-
cealed allocation of participants; (4) comparability of subject groups at
baseline; (5) blinding of participants; (6) blinding of therapists; (7)
blinding of assessors; (8) more than 85% follow-up of participants in at
least one of the key outcomes; (9) ‘intention to treat’ analysis; (10)
between-group statistical analysis of at least one of the key outcomes;
and (11) point estimate of at least one of the key outcomes. According
to the PEDro guidelines, a positive answer to criteria (2) to (11) will
yield one point, resulting in a PEDro score from 0 to 10 [20]. Studies
were arbitrarily classified with ‘poor’ methodological quality if the
PEDro score was ≤3, ‘fair’ if the score was between 4 and 5 and ‘high’ if
the score was ≥6 as suggested in the literature (https://www.
strokengine.ca/en/glossary/pedro-score/).

2. Results

Of the 1640 studies identified in the electronic searches and 4 po-
tential studies identified in the manual search, 40 met the inclusion
criteria (Fig. 1). Full text analysis of these 40 studies led to the exclusion
of another 16 articles (see details in Fig. 1). Three studies from the same
research team had very similar intervention protocols [21–23]. It was
not possible to determine if the data were from the same study and
hence all three studies were treated as one entity [23]. Similar decision
was made on another two studies [24,25] and they were treated as one
entity [24]. Twenty-one empirical studies were therefore included for
the present review.
The 21 studies included 15 group studies [23,24,26–38], four

multiple single-subject research designs (MSSRDs) [39–42] and two
case reports [43,44]. Ten studies obtained level I or II evidence through
randomized controlled trials (RCTs) [23,24,26,29,33,35,27–38] or
MSSRDs with more than three participants [40] (Table 1). Four studies
[30,32,34,39] were of level III evidence through non-RCT or non-ran-
domized, non-concurrent controlled MSSRD. Three level IV evidence
studies [27,28,31] were before and after cohort studies without con-
trols. Two MSSRDs with less than three participants [41,42] and the
two case reports [43,44] were of level IV and V evidence respectively.
The mean PEDro score of the included studies was 4.8 (SD 1.5)
(Table 2). The majority of the studies had fair study quality (high
quality n=5, fair n=13 and poor n=3).
Table 1 also summarizes the characteristics of the study partici-

pants. The study participants were mainly of GMFCS levels I and II.
Only nine studies involved participants of more severe CP
[26,28,29,32,34,35,37,38,41,44]. The majority of the studies assessed
the participants at baseline and completion of the intervention. Seven
studies [23,30–32,39,40,44] conducted follow-up assessments, varying
from 1 to 4 months post-intervention. Table 3 summarizes the ICP
protocols and results of the included studies. Nine studies used ICP as
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an additional intervention to the conventional therapy and nine studies
did not specify this condition. The intervention participants of three
studies [23,26,40] stopped their conventional therapy during the clin-
ical trial. The dosage of ICP varied from 25 to 90min per session, from
1 to 5 sessions per day to 1 to 7 sessions per week and from 5 con-
secutive days to 20 weeks in duration. Both kinetic measures of postural
sway [23,29,30,33,43,44] and clinical balance tests
[24,26–29,31,32,34–42], such as timed up-and-go test, Pediatric Reach
Test and Pediatric Balance Scale, were used to measure the postural
control and balance of the participants. ICP was offered without any
supervision [33] or only virtual coaching [27,30] in three studies. On-
site assistance from support through the existing seating system, su-
pervision, verbal guidance to actual hands-on assistance was offered
during ICP in 10 studies [23,24,31,32,35,36,38–40,44]. The rest of the
studies did not explicitly state this condition. With such huge variations
among the studies, it was impossible to perform a meta-analysis of the
overall results of ICP on postural control and balance for children with
CP. Thus, this systematic review narratively summarizes the findings.
Table 4 re-groups the studies into those demonstrating favorable,
neutral or unfavorable results of ICP towards postural control and
balance.

2.1. Postural control

Of the 12 studies investigating the effect of ICP on postural control,
six studies [23,29,37,38,41,42] have shown statistically significant
improvement in the participants (Table 4). Based on available data
from three studies [29,37,38], the effect size of the improvement
ranged from small (Cohen’s d<0.20) to large (Cohen’s d>0.50) [45].
Two studies [34,44] showed positive improvement with no statistical
analysis. Three studies [30,33,35] found no favorable result towards
ICP and one study [43] found the participant increasingly using

compensatory postural control after ICP (Table 4).

2.2. Balance

Eleven studies examined the effect of ICP on balance (Table 4).
Seven studies [24,26,28,29,31,36,39,40] found statistically significant
improvement in balance of the study participants. The effect size from
six studies [24,26,28,29,31,36,39,40] ranged from 0.23 to 1.19, i.e.
medium to large [45]. One study [32] showed a positive effect on
balance without statistical analysis. Three studies [27,35,40] did not
find any favorable results towards ICP.

3. Discussion

Advances in computer technology make ICP more affordable and
clinicians have started to use ICP in rehabilitation for children with CP
[6–15,26]. No definitive conclusion can be drawn whether ICP is ef-
fective for improving gross motor function in children with CP, due to
the overall low study quality and huge variations in ICP protocols
among the studies; however promising results have been yielded
[6–15,26]. The present systematic review focused on the effect of ICP
on postural control and balance in children with CP, on the ground that
ICP offers task-specific trunk exercises for children. The same amount of
active trunk movements may be less likely in conventional therapy, at
least not in such a motivating and fun way. ICP may be more able to
encourage a high dose of intensive training for motor learning, in turn
enhancing neuroplasticity [17].

3.1. Overall study quality of included studies

Ten included studies were RCTs or MSSRDs with more than three
participants, while the others were non-RCTs, cohort studies with no

Fig. 1. Flowchart of included studies.
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concurrent control or case reports (Table 1). The low mean PEDro score
of the included studies indicates that the majority of the studies had
only a fair study quality, despite the fact that ten studies had level I or II
evidence (Tables 1 and 2). The main weaknesses of these RCTs and
MSSRDs were lack of blinded participants, therapists and assessors, and
no intention-to-treat analysis. It is not possible to blind the participants
and therapists during ICP; hence, the maximum possible PEDro score
would be 8 for this kind of intervention. Nevertheless, blinded assess-
ments was not explicitly specified in eight of the studies (Table 2). The
overall fair study quality of the included studies stands as a precaution
in interpreting the research evidence for this intervention [6–16].

3.2. Effectiveness on postural control

Three level II studies with high quality [23,29,37] and one level II
study with fair quality [38] demonstrated favorable results towards ICP
to improve postural control of children with CP. A large effect size was
found in improving postural control of the head [37] and medium to
large effect sizes in improving postural control of the trunk in the others
[29,38]. Another four studies of lower levels of evidence and poor to
fair study quality supported this finding (Table 4) [34,41,42,44]. In
contrast, one study of level II evidence with fair study quality [35] and
two studies of level II or III evidence with poor study quality [30,33]
showed ICP was at least as effective as conventional therapy to improve
postural control. One case report showed that the participant showed
increased co-contraction of his trunk over the pelvis after ICP, i.e. a
decrease in postural control but use of a compensatory strategy [43].
ICP was apparently effective in improving postural control in children
with CP with medium to large effect sizes, as the studies of higher levels
of evidence and higher methodological rigor mostly demonstrated po-
sitive results in this aspect. Nevertheless, it is unknown if the three
positive effects - improvement in postural control, improvement in head
and trunk postures and decrease in sway within base of support - were
carried over to the functional skills of the participants, as changes in
functional abilities were assessed only in one out of the four studies
(Table 3). The minimum dosage of ICP to improve postural control is
inconclusive due to lack of adequate information from the studies de-
monstrating favorable results (Table 3). Also unknown is the im-
portance of on-site guidance for the participants during ICP, as half of
the studies did not explicitly state this condition (Table 3). Further
studies of high methodological rigor are required before ICP is used to
improve postural control of children with CP in clinical settings.

3.3. Effectiveness on balance

Regarding balance, favorable results of ICP were found more often
in studies of higher levels of evidence and higher study quality with
medium to large effect size (Tables 3 and 4). Three studies [27,35,40]
showed that ICP was at least as effective as conventional therapy in
improving balance of the participants (Table 4). Jelsma et al. (2013)
[40] found their participants significantly improved in a standardized
outcome measure of balance and running speed and agility but showed
no improvement in the timed up-and-downstairs test (Table 3). The
contradiction might reflect the fact that the timed up-and-downstairs
test requires not only balance but also other motor abilities, e.g. muscle
strength in the lower limbs, to achieve a significant improvement. It is
reasonable to conclude that ICP could improve balance in children with
CP. The majority of the participants were of GMFCS levels I to more-
abled III (over 70%, Table 3). The effect of ICP on balance in the more
severe groups, i.e. less-abled III and IV, remains unknown. All except
two [26,27] studies demonstrating favorable results of ICP explicitly
stated that on-site assistance was offered for the participants during the
intervention (Tables 3 and 4). It appears that on-site guidance, even if
only verbal instructions can maximize the benefit of ICP on balance of
the participants. Co-contraction of both agonist and antagonist muscles
around the trunk are a common strategy, even for children with mildTa
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CP, when their balance is challenged [3]. On-site guidance from a
therapist may discourage the children from using this default com-
pensation in favor of learning to selectively control their trunk during
ICP. This speculation should be verified with future studies. Based on
the present evidence, the minimum effective dosage of ICP is 25 to
30min per session, 2 to 3 sessions per week for 3 weeks.

3.4. Medium- to long-term effect of ICP

For the seven studies examining the medium-term effect of ICP, only
six [23,30–32,39,40] reported the results, of which five
[23,30,31,39,40] performed statistical analyses of the results. While
four studies [30,31,39,40] showed a sustained effect of ICP at 4–16
weeks post-intervention, one study [23] of high evidence level and high
study quality, with the largest sample size of 32, did not find a sustained
effect of ICP at 8 weeks post-intervention. The medium to long-term
effect of ICP remains inconclusive and requires further investigation.
Lastly, for those studies [23,24,28,31,35–37,40,44] explicitly com-
paring ICP with conventional therapy, more favorable results were
found towards ICP with small to large effect sizes (Cohen’s d=0.23-
0.80), especially in balance (Tables 3 and 4).

3.5. Study limitations

This review has its limitations. One person did the selection and
rating of the studies and data retraction. Nevertheless, the studies were
selected under clear and defined selection criteria and rated using the
standardized and stringent PEDro scale, all of which would minimize

bias during the process. Only full publications in English-language peer-
reviewed journals were included, raising the possibility of selection
bias.

3.6. Future directions

The overall low study quality of the included studies remains a
concern when gathering research evidence of this modality on postural
control and balance for children with CP. More rigorous methodologies,
such as larger sample sizes, use of comparable control groups, blinded
assessors, intention-to-treat analysis and provision of clear group re-
sults, are recommended. Evidence on the effectiveness of ICP for those
of GMFCS levels less-abled III to V remains scarce.

4. Conclusion

Twenty-one studies were included examining the effectiveness of
ICP on postural control and balance for children with CP. Half of the
studies were of levels I or II evidence while the majority were of poor to
fair methodological rigor. ICP seemed to be more effective than con-
ventional therapy in improving postural control and balance in children
with CP with medium to large effect sizes. The minimal dosage for
balance training is 25–30minutes per session, 2–3 sessions per week for
3 weeks. Future studies are required to verify the role of on-site gui-
dance of children during ICP to maximize the effect of this treatment on
postural control and balance of participants, and to investigate the
medium to long-term effect of ICP and its effect on children with more
severe CP.

Table 2
PEDro scores of included studies.

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Total score

AlSaif and Alsenany 2015 [26] Y Y Y U N* N* U Y Y N Y 5
Barton et al. 2013 [43] N N N Y N N N Y Y N Y 4
Bilde et al. 2011 [27] N N N Y N N N Y Y N Y 4
Bonnechere et al. 2017 [28] Y N N Y N N N Y Y N Y 4
Brien and Sveistrup 2011 [39] Y N N Y N N N Y Y Y Y 5
Deutsch et al. 2008 [44] N N N Y N N N Y Y N Y 4
Gatica-Rojas et al. 2017 [23] Y Y Y Y N N* U Y Y Y Y 7
Hsieh 2018 [29] Y Y Y Y N N Y Y Y Y Y 8
Jelsma et al. 2013 [40] Y Y Y Y N N Y Y Y Y Y 8
Lorentzen et al. 2015 [30] N N N Y N N N N Y Y Y 4
Luna-Oliva et al. 2013 [31] Y N N Y N N N Y Y N Y 4
Meyns et al. 2017 [32] Y N N Y N N N N Y N N 2
Ramstrand and Lygnegard 2012 [33] Y Y Y U N N* U N N Y N 3
Reid 2002 [34] Y Y U Y N N* Y Y Y N N 5
Sajan et al. 2017 [35] Y Y Y Y N N* U Y N Y Y 6
Sharan et al. 2012 [36] N Y Y Y N N* U N N Y Y 5
Shih et al. 2010 [42] N N N Y N N* U Y Y Y N 4
Shih et al. 2011 [41] N N N Y N N* U Y Y Y N 4
Tarakci et al. 2016 [24] Y Y Y Y N N* U N N N Y 4
Velasco et al. 2017 [37] Y Y Y N N N* U Y Y Y Y 6
Wade and Porter 2012 [38] Y Y Y Y N N U N N Y Y 5

Mean (SD) 4.7 (1.3) Range 2–8

Y- yes, N- no, U- unknown as not specified in study.
Q1. Eligibility criteria were specified.
Q2. Subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order in which treatments were received).
Q3. Allocation was concealed.
Q4. The groups were similar at baseline regarding the most important prognostic indicators.
Q5. There was blinding of all subjects.
Q6. There was blinding of all therapists who administered the therapy.
Q7. There was blinding of all assessors who measured at least one key outcome.
Q8. Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups.
Q9. All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least
one key outcome was analysed by “intention to treat”.
Q10. The results of between-group statistical comparisons are reported for at least one key outcome.
Q11. The study provides both point measures and measures of variability for at least one key outcome.
* Due to the nature of the intervention, it was not possible to blind the participants and therapists during the intervention. Hence, the entries for Q5 and Q6 must

be a “no”, despite the fact that some studies did not explicitly state this in their studies.
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