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Powered mobility as an intervention for children with cerebral palsy: A systematic review

Abstract
~~ Purpose. To systematically review the effectiveness of powered mobility training interventions in
improving driving skills and psychosocial outcomes in children with cerebral palsy.
Method. Electronic searches of CINAHL, Medline and Meditext were conducted. Using two assessment
tools, two independent reviewers assessed the quality of selected studies and level of evidence. Studies
were included if a powered mobility training intervention was described, at least one participant had
cerebral palsy and if the majority of participants were aged between 18 months and 18 years old. A
narrative analysis was conducted.
Results. Seven articles were eligible for inclusioﬁ. Intervention protocols included computer simulator
training, mobility training on a powered riding toy, and a powered wheelchair. The quality of the studies
; ranged from strong to limited, with six out of seven studies rated as level IV evidence and one study rated
as level Il evidence as defined by the National Health and Medical Research Council level of evidence
table.
Conclusions. Although research is limited observational investigations suggest that powered mobility
training programs are poteﬁtially beneficial in the development of driving skills for children with cerebral
palsy and may have a positive impact on psychosocial outcomes. Methodological weaknesses of the

studies were small sample sizes, absence of control groups and largely descriptive data analysis. There is a
need for future, more rigorous research which addresses these weaknesses and contributes to an
understanding of the utility of powered mobility both as a method of access and as a therapeutic
intervention tool.

Key Words: powered wheelchairs, electric wheelchairs, mobility interventions, children with disabilities

Sarah McGarry,
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September, 2009
Powered mobility as an intervention for children with cerebral palsy: A systematic review
Introduction
Cerebral palsy (CP) is the most common physical childhood disability [1-3], accounting for 600 to 700
Australian births each year [1]. Improvements and advances in perinatal care are associated with declining
rates of infant mortality among pre term infants and increasing numbers of infants born with CP [4-5]. It is
estimated that 33,797 Australians have CP and this number is expected to increase to 47,601 by 2050 [1].
In 2007 the financial cost of CP in Australia was estimated to be $1.47 billion [1]. This value increases to
$2 .4 billion when considering the value of lost wellbeing, due to disability and premature death [1]. The
kper annum financial cost of CP is $43,431 per pyerson. Including the value of lost wellbeing the cost
increases to $115,000 per annum, per person [1]. With increasing numbers of children born with CP,

_ there is a need to understand effective therapeutic interventions as demands on services will increase.

Cerebral palsy is a neurological condition referring to a group of permanent disorders affecting the
development of movement and posture [6]. In addition many individuals experience limitations in
cognition, communication, sensation and perception [6]. The severity of CP can vary, with motor and
cognitive impairments ranging from minimal to profound [7,8]. The functional limitations that result from

CP mean that children are dependent on their carers for many aspects of activities of daily living,
instrumental activities of daily living and mobility [2,7,8]. It is estimated that 35 percent of the population
with CP are also severely cognitively impaired, leading to reduced ability to care for themselves and
others [9]. Restrictions in social interactions increase progressively with impairment type and severity
level of CP [10,11]. These functional limitations may impact participation in meaningful activities and in

the fulfilment of social roles.

Developmental theorists propose that early experiences of movement impact on physical and

psychological development' [12,13]. Piaget [14] believed independent movement to be an important
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building block for the development of knowledge. Locomotion encourages a child’s understanding of
space, objects, self awareness, and principles of cause and effect [14,15]. In addition, independent
movement allows a child to gain a sense of independence -and competence, as well as providing
opportunities to learn and socialise [15,16]. Supporting this stance, research has demonstrated that for
children, gains in mobility are linked with improvements in cognitive, social-emotional, perceptual and

motor functioning [13,17,18].

Many children with CP are unable to independently\ mobilise due to cognitive and motor impairments
[8,19]. These children rely on care givers to move them from place to place, and consequently miss many
crucial learning opportunities. This impacts negativély on their skill development in the areas of cognition,
behaviour, emotion and communication [20-22]. Secondary developmental problems can result from a
child’s increasing frustration at their inability to control the world around them [23]. This often results in a

cycle of deprivation, and reduced motivation [24].

Powered wheelchairs can provide children with CP the opportunity to explore their environments through
play and locomotion [19] and decrease their dependency on others [19,25]. Despite the importance of
independent mobility in child development and the wide use of powered wheelchairs in clinical settings
for children with disabilities, little attention has been given to the evidence base underpinning powered
mobility interventions. The purpose of this systematic literature review was to examine the effectiveness
of powered mobility training interventions in improving driving skills and psychosocial outcomes in

young children with CP.

Methods
Principles and techniques of systematic reviews were used to review the literature and locate relevant
studies for inclusion. Electronic searches of CINAHL, Medline and Meditext were conducted. Each

database ‘was searched from its eafliest records to most recent (CINAHL 1937- 2009, Medline 1948-2009,
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Meditext 1968-2009). The main search terms included a combination of both paftigipant (children, young
children and cerebral palsy) and intervention terms (powered mobility, powered wheelchairs, powered
_ mobility training and mobility aids). All search terms were truncated, exploded and adjusted to match the
identified databases with assistance from a librarian. Reference lists of all retrieved articles were manually
searched for relevant articles. The literature search was limited to peer reviewed (English language)

published data only, and excluded grey literature and expert opinion.

A priori criteria for inclusion of studies were applied to identify abstracts and then full text articles.
Studies were included if a powered mobility trai;ling intervention was described. The mode, length and
frequency of the interventions were not limited. Due to the paucity of studies describing powered mobility
interventions with children with CP, studies were included if at least one participant had CP. Studies were
_limited to those with the majority of participants aged 18 months - 18 years old. Outcomes of interest
included driving Skills and psychosocial outcomes related to powered mobility, for example

improvements in confidence and independence.

Assessment of methodological quality

Using an assessment tool developed by Kmet, Lee and Cook [26] two independent reviewers assessed the
quality of the selected studies. The assessment consists of 14 questions and a scoring system for
k fnethodological quality. Using this system each study was categorised as strong (score of >80%), good

(70-80%), adequate (50-70%) or limited (<50%) [27].

Data extraction

Two reviewers used methods set out in Section 7 of the Cochrane Handbook of Systematic Reviews of
Interventions [28] to extract relevant data from the studies. Data extracted included: study objective(s),
study .desigh, method of participant selection, characteristics of the participants, random allocation,

masking of the investigators, masking of the participants, outcomes, sample size, analytical methods,
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estimate of variance, confounding controls, results and conclusions. Once data was extracted the level of
evidence was determined based on the National Health and Medical Research Council guidelines

(NHMRC) [29]. Discrepancies between reviewers were resolved through discussion.

Data synthesis and analysis
Due to the use of non traditional analysis of methods such as parent interviews and video footage, and
small sample sizes in the articles, meta-analysis was not possible. A narrative review was conducted to

summarise findings and provide an assessment of methodological issues.

Results

| Electronic searches located 21 articles from CINAHL, five from Meditext and 22 from Medline. A total of
39 potential articles were located after duplicates were accounted for. Using the stated inclusion criteria,
abstracts and full texfs were reviewed, resulting in seven articles judged as eligible for inclusion. Excluded
papers included expert opinion, descriptions of the use of powered wheelchairs with adults and children,
discussions on types of wheelchairs and assessment practices, and descriptive data about the perspectives

of parents and providers.

mé’rt’i’cles meeting the selection criteria ranged in publication date from 1983 to 2003. Of the seven articles
selected two were written by the same authors, and one author is responsible for three papers. These three
papers were published in 1983, 1984 and 1986, an average of 25 years ago. One article was published in
1998, and the remaining three articles were published in 2001, 2002 and 2003, a minimum of six years
ago. All studies investigated a powered mobility training intervention with a total of 83 participants.
Intervention prqtocols of these articles included computer simulator training to improve powered
wheelchair driving, mobility training on a powered riding toy and mébility training on a powered

wheelchair.
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Quality assessment of studies

Assessment of methodological quality of the research ranged from strong to limited (see appendix D). A
study investigating powered wheelchair training in the home was rated as methodologically limited (27%)
[30], four separate studies reporting on a mobility toy, the use of a computer simulator to increase driving
skills and powered mobility training in the home, were rated as adequate (50-68%) [31-34], and two
studies examining the concept of driving to learn and powered wheelchairs for independence were rated
strong [35-36]. Overall, methodological weaknesses of the studies were small sample sizes, absence of
control groups, lack of blinding, and largely descriptive data analysis. in clinical research that requires the
active involvement of participants these weaknesses are common and can be difficult to overcome.
Authors did not report effect size or describe controls used for confounding, and three authors did not
report estimates of variance for the main results. Apart from one study, psychometric properties of the
outcome measures used were not described. The NHMRC [29] level of evidence table was used to rank
studies according to four levels. Level I is the strongest and most rigorous, accounting for systematic
reviews of all relevant randomised control trials. Level IV is the least rigorous, consisting of evidence
obtained from case series, either post test, or pre test and post test [29]. Six out of seven studies included
in this review were rated as level IV evidence and one study was rated as level III evidence, due to the

inclusion of a comparison group (see appendix D).

Interventions

The reviewed interventions were powered mobility training programmes for children with CP and other
disabilities. Three studies assessed the participant’s ability to learn to drive a powered wheelchair at home
under parent supervision [30-32]. Another study evaluated power wheelchair training in a clinic setting
and at home [36]. In a cohort design study using a computer simulator, children navigated a game of
mazes with a joystick [34]. Lastly, a powered mobility riding toy was used as an intervention in a single

subject withdrawal-design study of two children aged five years old [33]. One study failed to provide
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details about the powered mobility program [35] and no studies described explicitly the strategies used to

promote intervention fidelity.

Several studies attempted to employ control strategies to provide a baseline of comparison, to support the
interpretation of the effect of the intervention [37]. The use of a comparison group was evident in only one
study [34]. This study investigated whether training on a computer simulator would increase the driving
skills of children who had never used a powered wheelchair in comparison to children who were
experienced drivers. A single subject design with multiple baselines was described as successful in using
the participants as their own control [31]. Whereas a study using a case history survey design argued that
the use of a control group would be unethical as tﬁey believed it would be detrimental to the participants

to delay provision of a powered wheelchair [35].

QOutcomes

In five of the seven studies powered wheelchair driving skills were measured as the primary dependant
variable [30,32,34,-36]. One study described frequency of self initiated physical interaction with objects,
communications with care giver and changes in location in space as dependent variables [31] '. Similarly,
Diatz and colleagues [33] reported child initiated movement, child initiated contact with others, and affect
as dependent variables. Psychosocial outcomes were measured in five of the seven studies; outcomes
lncluded social, emotional and intellectual behaviours, level of independence, and development of
initiative and exploratory behaviours [30,31,33,35,36]. Video footage, a seven skill driving checklist,
Powered Mobility Program assessment battery [38], and a computer game were measures used to assess
participant’s driving skills. Five out of the seven studies utilised parent interviews to enrich their
quantitative findings [30,32,33,35,36]. To investigate the effect of early proffision of powered wheelchairs
Bottos and colleéues [35] employed standardised measures, including Impact of Childhood Illness Scale,

Gross Motor Functional Measure, the Canadian Occupational Performance Measure, Performance 1Q
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score of the Leiter International Performance Scale, and Verbal 1Q score of the Peabody Developmental

Verbal Scale.

Collectively the results of the five studies measuring the driving skills of participants suggested that
_children and young adults aged from 23 months to 22 years old with physical and cognitive impairments
can learn to drive a powered wheelchair independently, with a minimum training time of 16 days and
withina maximum training time of one year [30,32,34-36]. Five studies evaluating psychosocial outcomes
found independent powered mobility promoted increased social interaction, increased motivation to move
and interact with the environment, and increased independence [30,31,33,35,36]. Independent powered
| mobility did not affect motor impairment, Intelligeﬁce Quotient or quality of life [35]. However, powered
mobility was linked to an increase in exploratory behaviours, initiative, and ability to react to external
stimuli [36]. Qualitative findings supported the conciusions that powered mobility stimulated the child’s
understanding of cause and effect relationships, encouraged limited use of participant’s arms and hands, as

well as stimulated the child’s level of alertness [36].

Three studies reported statistically significant changes following the powered mobility intervention.
Participant’s driving skills improved significantly (p<0.01) in two studies [34,35]. An increase in seif
initiated change in location (p<0.05) was found to be associated with independent driving of a powered
rﬂi\%/l;éeylchair [31], as was changes in occupational performance, measured by the Canadian Occupational

Performance Model (p<0.00001) [34,35].

Discussion

Overall this systematic review found a paucity of evidence to support powered mobility as an intervention
for children with<CP. Findings from level IIT and IV evidence suggest that young children with physical
and co'gnitiv‘e disabilities can learn to drive a powered wheelchair and a powered riding toy independently.

In addition, improvements -in psychosocial outcomes were found to be associated with independent
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powered mobility. However, the reviewed research has many methodological limitations, being based on
small sample sizes and largely descriptive data analysis. Many of the studies excluded from the review
were published by clinicians and consisted of ‘expert opinion’. Although papers in this category are valid
contributions to literature in this area, they are viewed as the least rigorous in terms of evidence and are
susceptible to bias [39,29]. Evidence gained from this literature review was limited as the majority of the
studies were of adequate quality and were ranked level IV evidence, which can only allude to a causal

relationship between the independent and dependent variables [29]. .

The studies reviewed varied considerably in intervention, study design, and outcome measures making it
difficult to draw collective conclusions from the fesults. In depth descriptions of intervention protocols
were absent and intervention fidelity was not accounted for in the studies. However, a number of studies
used both qualitative and quantitative methods, an approach which has been described as having merit in
vthis field of researchv [39]. Four studies used a single subject design, limiting the inference of outcomes to
groups or situations other than those directly involved in the study [37]. Further, the reliability and validity
of the findings are questionable given that authors did not discuss the psychometric properties of the
outcome measures and only one study used standardised assessments [35]. When evaluating the impact of
powered mobility devices for children with CP there is clearly a need for higher quality, more rigorous
research involving larger sample groups, a comparisonrgroup, and standardised measures to produce

adequate evidence for therapists and families.

Over the past three decades, the development of new assistive technologies for individuals with
disabilities has increased [40,41]. Using the latest technologies and robotics, new models of wheelchairs
such as the CALL Centre Smart Wheelchair and the Collaborative Wheelchair Assistant have been
developed [42,43i. This systematic review found that there is a very scarce evidence base for the use of
technoiogicélly advanced models of powered wheelchairs with children with CP. Of the seven articleé

reviewed three were at least 25 years old, with the most recent study in the review being six years old.
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“This suggests that this evidence is from powered wheelchairs that are since outdated and possibly no
Jonger prescribed to children. There is a clear need for current research using the latest most advanced

}ﬁodels of powered wheelchairs which may be suitable to a wider population of children with various

disabilities.

_ The notion of ‘driving to learn’ was discussed in a study evaluating powered mobility for children with
profound cognitive disabilities [36]. This method of training is based on the notion that mobility can be
used as a therapeutic tool, rather than purely a means of gaining access between one place and another. It
is proposed that the sensory stimulation and change of body positions resulting from powered mobility
ban raise the individual’s alertness, enhancing theif ability to understand simple causal relationships [36].
This method of training may be useful for uncovering skills and abilities previously unrecognised in
»Children with severe and multiple disabilities. Further the full mobility potential of children who may have
previously been excluded from powered wheelchair training may be revealed. Given the potential of
driving to learn for many children and their families, there is a great need to further investigate this

concept.

Findings from this systematic review highlight the need for future research to evaluate the relationship
between powered mobility and the components of the World Health Organization’s International
7Classiﬁcation of Functioning, Disability and Health framework [44]. The development of targeted
interventions to enhance independent powered mobility for children with CP will depend on a clearer
understanding of the link between body structures and functions, activity, and their impact on participation
[39]. In doing so the impact of contextual factors such as environment and personal factors on powered
mobility interventions can be explored enabling an understanding of the length of training required,
potential discontinuation of mobility devices, and a much broader perspective of the impact powered

mobility has on an individual’s life [25].
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:yuAlthough a systematic search strategy was applied, the authors acknowledge that conclusions may be
affected if relevant studies were unintentionally overlooked. Another limitation of this paper is that many
studies in the field of powered mobility are not published in peer reviewed journals but appear in
_ conference proceedings. The selection criteria excluded grey literature therefore these studies were not

_ reviewed.

Although many experts in the field have advocated for early provision of powered wheelchairs for young
_children, the gap between research and practice continues. The existing evidence base for effective
powered mobility interventions is limited however, the weight of the evidence suggests a positive
relationship between powered mobility and chila development. Limitations in the current body of
knowledge outline directions for future research. Future studies should incorporate current clinical
_ practices and examine intervention effectiveness not just for improvement of isolated mobility skills, but
to gain a greater understanding of interventions that can contribute to the development of children with

cerebral palsy.
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