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Abstract

Background: Mobility is important for the cognitive and psychosocial development of children. Almost one third
of children with cerebral palsy (CP) are non-ambulant. Wheelchairs can provide independent mobility, allowing
them to explore their environment. Independent mobility is vital for activity and participation and reduces the
dependence on caregivers. The purpose of this study was to describe the use of manual and powered wheelchair
indoors and outdoors in relation to the degree of independent wheelchair mobility or need for assistance in a
total population of children with CP.

Methods: A cross-sectional study was performed including all children aged 3-18 years with CP living in southern
Sweden during 2008. Data was extracted from a register and health care programme for children with CP (CPUP).
There were a total of 562 children (326 boys, 236 girls) in the register. Information on the child’s use of manual
and powered wheelchair indoors and outdoors and the performance in self-propelling or need for assistance were
analysed related to age, CP subtype and gross motor function.

Results: Wheelchairs for mobility indoors were used by 165 (29%) of the 562 children; 61 used wheelchair for
independent mobility (32 using manual only, 12 powered only, 17 both) and 104 were pushed by an adult. For
outdoor mobility wheelchairs were used by 228 children (41%); 66 used a wheelchair for independent mobility (18
using manual only, 36 powered only, 12 both) and 162 were pushed. The use of wheelchair increased with age
and was most frequent in the spastic bilateral and dyskinetic subtypes. Most powered wheelchairs were operated
by children at GMFCS level IV.

Conclusion: In this total population of children with CP, aged 3-18 years, 29% used a wheelchair indoors and 41%
outdoors. A majority using manual wheelchairs needed adult assistance (86%) while powered wheelchairs provided

independent mobility in most cases (86%). To achieve a high level of independent mobility, both manual and
powered wheelchairs should be considered at an early age for children with impaired walking ability.

Background

Cerebral palsy (CP) has been defined as a group of per-
manent disorders of the development of movement and
posture, causing activity limitation, that are attributed to
non-progressive disturbances that occurred in the devel-
oping fetal or infant brain [1]. The severity of impair-
ments varies greatly and the children’s mobility ranges
from independent walking to totally dependent wheel-
chair mobility and almost one third is non-ambulant [2].
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Mobility is important for the cognitive and psychoso-
cial development of children [3,4]. Independent mobility
is vital for activity and participation, reducing depen-
dence on caregivers and the environment [3-5]. The sin-
gle most important factor for the experience of
participation in adolescents with disabilities is the possi-
bility to be “where it happens”, which is closely related
to independent mobility [6]. Independent mobility is
also important for self-sufficiency [6].

Mobility is influenced by the environment. According
to the International Classification of Functioning, Dis-
ability and Health (ICF) [10] the environment is defined
as the physical, social and attitudinal conditions that are
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present in an individual’s life. Assistive products and
technology are defined as any product, instrument,
equipment or technology adapted or specially designed
for improving the functioning of a disabled person.
Assistive devices such as wheelchairs can provide inde-
pendent mobility to children with disabilities, allowing
them to explore their environment [3-5,7]. Mobility
devices improve activity, participation, user satisfaction
and quality of life [8].

Performance, what a child “does do”, can differ from
capability, what a child “can do” [9,10]. Environmental
factors, influence of parents, personal factors (e.g.
choice, motivation, acceptance of disability) and body
functions (e.g. fatigue) are important when it comes to
use a manually propelled wheelchair, powered wheel-
chair or none, both indoors and outdoors. Knowledge of
the degree of independent mobility and the use of man-
ual and powered wheelchair in a total population of
children with CP may be useful for health care planning
and for facilitating early independent mobility for the
individual child.

A register and health care programme for children
with CP (CPUP) was initiated in southern Sweden in
1994 [11,12]. Data from this register has been used to
analyse the use of wheelchair and the degree of indepen-
dent wheelchair mobility in children with cerebral palsy.

Purpose

To describe the use of manual and powered wheelchair
indoors and outdoors in relation to the degree of inde-
pendent wheelchair mobility or need for assistance for
different levels of gross motor function, CP subtypes
and age groups in a total population of children with
CP.

Methods

The CPUP register includes all children with CP born
after 1 January 1990 living in the counties of Skane and
Blekinge in southern Sweden, which have a total popula-
tion of about 1.3 million. The number of children with
CP in the area corresponds to a prevalence of 2.4 per
1000 live births [13,14]. The programme includes a

Table 1 Details of the 562 children
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continuous standardized follow-up of gross and fine
motor function, clinical findings and treatment. The
child is examined by its local physiotherapist annually.
The assessment form includes information on the child’s
use of manual and powered wheelchair for mobility
indoors and outdoors and whether the child self-propels
or need adult assistance.

To obtain information on the child’s wheelchair per-
formance, the children and their caregivers answered
the following questions: Does the child usually use a: (1)
Manual wheelchair for mobility indoors? (2) Powered
wheelchair for mobility indoors? (3) Manual wheelchair
for mobility outdoors? (4) Powered wheelchair for mobi-
lity outdoors? The options were: (A) No, the child does
not use a wheelchair; (B) Yes, the child self-propels/
operates independently; (C) Yes, the child is pushed by
an adult.

The results were analysed related to CP subtype, gross
motor function and age. The CP subtypes were classified
as Spastic unilateral, Spastic bilateral, Dyskinetic, Ataxic
and Unclassified (or mixed), according to the Surveil-
lance of Cerebral Palsy in Europe network (SCPE) [15].
The gross motor function was classified according to
the Gross Motor Function Classification System
(GMECS) [16,17] which is an age-related five-level sys-
tem based on functional limitations, in which level I is
the most independent and level V is the least indepen-
dent. The CP subtype for each child was determined by
the child’s neuropaediatrician and the GMFCS level by
its local physiotherapist. To analyse differences in data
at different ages the children were divided into different
age groups according to the Swedish school system: 3-6,
7-9, 10-12, 13-15 and 16-18 years.

A cross-sectional study was performed based on data
from the CPUP register including all children aged 3-18
years with CP living in the southern parts of Sweden
during 2008. There were in total 562 children in the
register, 326 boys and 236 girls born 1990-2005. The
distribution of age, sex, GMFCS level and CP subtype of
the 562 children is presented in Table 1. There were no
significant differences in GMFCS levels or classified CP
subtypes between the age groups. However, in the pre-

Age No of Children Sex GMEFCS level CP subtype
Boys Girls | I} 1] \' \" SuU SB DY AT uc
3-6 116 67 49 51 9 21 16 19 25 27 21 7 36
7-9 104 53 51 52 14 8 19 " 35 38 13 9 9
10-12 17 67 50 51 22 14 17 13 38 47 17 5 10
13-15 17 78 39 59 14 7 18 19 37 49 16 13
16-18 108 61 47 51 17 14 14 12 28 48 16 14
Total 562 326 236 264 76 64 84 74 163 209 83 48 59

SU = Spastic unilateral CP, SB = Spastic bilateral CP, DY = Dyskinetic CP, AT = Ataxic CP, UC = Unclassified CP
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school children, aged 3-6 years, more children were
unclassified (UC).

SPSS version 17.0 was used for the statistical analyses.
Linear by linear association test was used for analysing
trends in wheelchair use related to GMFCS levels and
to age. Kruskal Wallis test was used for analysing wheel-
chair use related to CP subtypes. Spearman’s rank corre-
lation test was used to calculate correlations for ordinal
data. Pearson Chi square test was used to analyse cate-
gorical data. P-values < 0.05 were considered significant.

The study was approved by the Medical Research
Ethics Committee at Lund University (LU-443-99).

Results

Indoor mobility

Wheelchairs for mobility indoors were used by 165 chil-
dren (29%). Information was missing in 6 of the 562
children. Of the 165 children, 61 used a wheelchair for
independent mobility (32 using manual only, 12 pow-
ered only, 17 both) and 104 were pushed by an adult
(Table 2). Manual wheelchairs were used by 163 chil-
dren, of which 49 (30%) self-propelled and 114 (70%)
were pushed. Powered wheelchairs were used by 35 chil-
dren, of whom 29 (83%) operated independently while 6
(17%) used powered wheelchairs operated by an adult
(Table 2).

The use of manual and powered wheelchair indoors
increased with GMFCS level (p < 0.001) (Figure 1). At
GMECS level II 4% used a manual or powered wheel-
chair indoors, 48% at level III and 84% at levels IV-V. A
majority (73%) of the wheelchair users at level III were
independent (using manual and/or powered wheel-
chairs). Powered wheelchairs were most frequent at
GMECS level IV. Of all the children at level IV 45%
manoeuvred manual or powered wheelchairs indepen-
dently while 39% were pushed by an adult. At level V all
wheelchair users had manual wheelchairs and required
assistance (Figure 1).

There was a difference in use of wheelchair between
CP subtypes (p < 0.001) (Figure 2). The use of wheel-
chair for indoor mobility was most frequent within the
dyskinetic subtype (76%), of those 11% self-propelled
(1% using manual wheelchair, 9% powered, 1% both).

Table 2 Number of children using manual and powered
wheelchair indoors

Powered
Do not use SM AA Total
Manual Do not use 391 2 0 393
SM 32 17 0 49
AA 98 10 6 114
Total 521 29 6 556

SM = self-mobility, AA = Adult assistance. Information missing in 6 of the
562 children.

Page 3 of 8

All children operating powered wheelchairs indoors had
spastic bilateral or dyskinetic CP. In the spastic bilateral
subtype 40% used wheelchairs, of those 23% self-pro-
pelled (manual and powered) and 17% were pushed in
manual wheelchairs. Of the children with ataxic CP 16%
used manual wheelchairs, of those half self-propelled
and the other half were pushed (Figure 2).

The use of manual wheelchairs indoors increased with
age (p = 0.001) but the change was not significant for
powered wheelchairs (Table 3). The youngest child who
had independent wheeled mobility indoors was 3 years
old and used a manual wheelchair. For distribution of
manual and powered wheelchairs and independent
mobility in different age groups, see Table 3. The use of
wheelchairs for indoor mobility was similar for boys and
girls (manual wheelchair: boys 30%, girls 29%, powered
wheelchair: boys 7%, girls 5%).

Outdoor mobility

Wheelchairs for outdoor mobility were used by 228
children (41%). Information was missing in 10 of the
562 children. Of the 228 children, 66 used a wheel-
chair for independent mobility (Table 4). For outdoor
mobility 219 children used manual wheelchairs,
30 (14%) self-propelled and 189 children (86%) were
pushed. Powered wheelchairs were used by 56 children,
of whom 48 (86%) operated independently and 8 (14%)
used powered wheelchairs operated by an adult
(Table 4).

Wheelchair for outdoor mobility was more frequent
than indoors and the use of both manual and powered
wheelchair outdoors increased with GMFCS levels (p <
0.001) (Figure 1). At GMFCS level I 2% used a wheel-
chair, 39% at level II and 85-90% at levels III-V. All the
25 children at GMFCS levels III-V who did not use a
wheelchair for outdoor mobility were aged 3-6 years.
Only one child at GMFCS level V operated a powered
wheelchair outdoors. More children at GMFCS level III
and IV used powered wheelchairs for independent
mobility outdoors than indoors. There was also an
increase in the number of children needing adult assis-
tance at all GMFCS levels (Figure 1).

There was a significant difference in wheelchair use
between the subtypes (p < 0.001) (Figure 2). The use of
wheelchair for outdoor mobility was most frequent
within the dyskinetic subtype, where 69% were pushed
in manual wheelchairs and 13% operated powered
wheelchairs independently. More children with spastic
bilateral CP had independent wheeled mobility com-
pared to the other subtypes, in total 24% (11% using
powered wheelchairs, 8% manual and 5% both). Of the
children with ataxic CP 42% used wheelchairs outdoors,
of those 11% were independent and 31% were pushed
(Figure 2).
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Figure 1 Number of children (%) in different GMFCS levels using wheelchair for self-mobility (SM) and for assisted mobility indoors
and outdoors. SM Powered = operates a powered wheelchair; SM Both = self-propels both manual and powered wheelchairs; SM Manual =
self-propels a manual wheelchair; Assistance = use manual or powered wheelchairs but do not self-propel either of them and need adult
assistance. Linear by linear association test showed an increase in the use of manual and powered wheelchair indoors with GMFCS level
(p < 0.001).

The use of both manual wheelchairs (p = 0.003) and
powered wheelchairs (p = 0.033) increased with age
(Table 3). No child less than 4 years old had indepen-
dent wheeled mobility outdoors. The use of wheelchairs
for outdoor mobility was similar for boys and girls
(manual wheelchair: boys 40%, girls 41%, powered
wheelchair: boys 11%, girls 9%).

There was a correlation between the use of manual
wheelchairs indoors and outdoors (rg = 0.722) and
between powered wheelchair indoors and outdoors (rg =
0.628). There was also a correlation between GMFCS
level and use of manual wheelchairs indoors (ry = 0.726)
and outdoors (rg = 0.719) but not for the use of powered
wheelchairs.

Discussion

This is, to our knowledge, the first study demonstrating
the use of wheelchair in a total population of children
with CP, showing the degree of independent wheelchair
mobility and the use of adult assistance for mobility.
Almost all (98%) children with CP in the area and their
families agree to participate in the CPUP programme
[14].

The results reflect the children’s performance, what
they usually do, not their capability, what they can do
[9,10]. A child’s performance can relate to differences in
the environmental and personal factors. In recent years
more attention has been paid to altering the environ-
ment in order to compensate for functional impairment
[7,18-20].

This study describes the performance of wheeled
mobility in different environments (indoors and out-
doors) and whether the children use a manual wheel-
chair, powered wheelchair or both. However it only
shows their most common performance in each wheel-
chair and environment. The register does not provide
detailed information on the type of wheelchair.

Manual wheelchairs for self-mobility were most fre-
quent in children at GMFCS level 11l while powered
wheelchairs were most frequent at level IV. Children at
level III-IV achieved a higher degree of independent
mobility using manual and powered wheelchairs. This
corresponds to the results seen in the study by Ostensjo
et al. 2005 [18], where the largest increase in mobility
by using wheelchair was seen at GMFCS level IV.
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Figure 2 Number of children (%) in different CP subtypes using wheelchair for self-mobility (SM) and for assisted mobility indoors
and outdoors. SM Powered = operates a powered wheelchair; SM Both = self-propels both manual and powered wheelchairs; SM Manual =
self-propels a manual wheelchair; Assistance = use manual or powered wheelchairs but do not self-propel either of them and need adult
assistance. Kruskal Wallis test showed a significant difference in wheelchair use between the subtypes (p < 0.001).

Table 3 Use of manual and powered wheelchair indoors and outdoors (%) related to age

Environment Wheelchair Age (years) Self-propels % Adult assistance % Do not use %
Indoors Manual 3-6 52 104 843
7-9 87 252 66.0
10-12 95 224 68.1
13-15 1.1 256 63.2
16-18 102 185 713
Powered 3-6 43 0 95.7
7-9 1.9 1.0 97.1
10-12 6.1 0 939
13-15 7.7 26 89.7
16-18 57 19 925
Outdoors Manual 3-6 35 243 722
7-9 19 437 544
10-12 87 39.1 522
13-15 6.8 333 59.8
16-18 7.5 327 59.8
Powered 3-6 43 0 95.7
7-9 59 20 922
10-12 80 09 912
13-15 137 26 838
16-18 114 19 86.7

Linear by linear association test showed an increase in use of manual wheelchairs indoors (p = 0.001) and outdoors (p = 0.003) with age. The use of powered
wheelchairs outdoors increased with age (p = 0.033) but the change was not significant for powered mobility indoors.
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Table 4 Number of children using manual and powered
wheelchair outdoors

Powered
Do not use SM AA Total
Manual Do not use 324 6 3 333
SM 18 12 0 30
AA 154 30 5 189
Total 496 48 8 552

SM = self-mobility, AA = adult assistance. Information missing in 10 of the
562 children.

Postural instability restricts functional performance
and upper extremity function in children with CP [21].
For outdoor mobility 86% using a manual wheelchair
needed adult assistance and only 14% self-propelled.
Lacoste et al. [21] found that children with CP who self-
propelled their wheelchairs had difficulties in driving
due to postural instability. Of the children using manual
wheelchairs, 89% became unstable when propelling
while 61% did when operating their powered wheel-
chairs. Powered mobility improves independence in
mobility, and providing a stable sitting posture is essen-
tial to improve function and wheeled mobility.

Wheelchairs were most frequent in children with dys-
kinetic CP. Arner et al. 2008 [22] reported difficulties
with manual activities in 80% of children with dyskinetic
CP, in 41% of those with ataxia and in 39% of those
with spastic bilateral CP. The reduced hand function
may be one explanation to the fact that no child with
dyskinetic CP self-propelled a manual wheelchair out-
doors while 77% of those having a powered wheelchair
did. Of those using manual wheelchairs, only 10% of the
ataxic subtype and 25% of those with spastic bilateral
CP, self-propelled while 92% of the children in these
subtypes using powered wheelchairs operated indepen-
dently. The result indicates that most children with dys-
kinetic CP need a powered wheelchair to achieve
independent wheeled mobility. Some children with
ataxic or spastic bilateral CP may be able to self-propel
a manual wheelchair but most of them are more likely
to become independent using a powered wheelchair.
However, powered wheelchairs require more training
and more space to operate and are not as easily trans-
ported so environmental and personal factors must be
considered.

Palisano et al. [5] analysed the mobility methods in
Ontario, Canada. Among 360 children aged 4-12 years
of age at GMECS level III-V, 67% were pushed in man-
ual wheelchairs outdoors, 7% used a manual wheelchair
for self-mobility and 12% operated a powered wheel-
chair. The corresponding figures for the same age
groups in the present study were almost equal: 62%
were pushed, 6% self-propelled in manual wheelchairs
and 15% operated powered wheelchairs. The age when
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the children started to use powered wheelchairs cannot
be compared. Manual and powered wheelchairs are pro-
vided free of charge by the Assistive Technology Centres
in Sweden. Consequently, the results reflect the chil-
dren’s use of wheelchairs without regard to the families’
economic situation. However, the results from the Cana-
dian study show similar results in spite of different
financial systems.

Of the total material (GMFCS I-V) only 5 children
(4%) used a powered wheelchair before school age (7
years). Of the children aged 7-18, 13% used a powered
wheelchair.

Only one child at GMFCS level V had independent
wheelchair mobility outdoors using a powered wheel-
chair, even though early self-produced mobility is crucial
for the child’s cognitive and psychosocial development
[3]. Bottos et al. [23] showed that 21 of 27 children with
severe motor disability aged 3-8 years (mean 6 years 3
months) were able to operate a powered wheelchair
with no or minimal adult assistance. A majority of the
parents were opposed to the idea of a power wheelchair
initially, but after provision almost all were positive. But-
ler [24] reported improved self-initiated behaviours such
as interaction with objects, communication and changes
in location in children aged 23-38 months provided with
powered mobility. Children with motor impairments
may be at risk of developing learned helplessness if their
development of independence is not supported [19].

In spite of the benefits connected to independent mobi-
lity there is sometimes a resistance to prescribe a wheel-
chair to a young child. This might be due to a belief that
the child’s most normal motor skill must be used and the
improvement of walking abilities might be prevented by
the use of a wheelchair [7]. This philosophy may also
consider powered wheelchairs as inappropriate for a
child who has the ability to use a manual wheelchair.
A wheelchair is often used as a symbol of handicap or
disability, and assistive devices are designed to compen-
sate for disability, so the stereotype of disability is easily
reflected by them [25]. Acceptance of disability usually
leads to a greater acceptance and use of devices [25].

Franks et al. 1991 [26] reported that mobility methods
affect school performance; the use of a wheelchair had a
less negative impact on visuomotor accuracy than walk-
ing with assistive devices due to a lower energy cost.
Participation and social interaction opportunities in the
school environment also improved with the use of assis-
tive devices in children with CP [25].

Independent mobility improves with the use of powered
wheelchairs, while manual wheelchairs mainly ease the
care [18]. Our study supports those results since 86% of
the children using powered wheelchairs operated indepen-
dently, while 14% of the children using manual wheelchair
self-propelled and a majority (86%) were pushed. The 25
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children at GMFCS levels 1II-V who did not use a wheel-
chair for outdoor mobility were all aged 3-6 years and
might be seated in a stroller/buggy outdoors.

Conclusions

In this total population of children with CP 29% used a
wheelchair indoors and 41% outdoors. A majority of the
children using manual wheelchairs were pushed by an
adult (86%) while powered wheelchairs provided inde-
pendent mobility in most cases (86%). The results indi-
cate that most children with dyskinetic CP need a
powered wheelchair to achieve independent wheeled
mobility. Some children with ataxia (10%) or spastic
bilateral CP (25%) may be able to self-propel a manual
wheelchair but most of them are more likely to become
independent using a powered wheelchair. To achieve as
high a level of independent mobility as possible, both
manual and powered wheelchairs should be considered
at an early age for children with impaired walking
ability.
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CP: Cerebral Palsy; CPUP: National Health Care Quality Register for Cerebral
Palsy; GMFCS: Gross Motor Function Classification System; SCPE: Surveillance
of Cerebral Palsy in Europe network

Acknowledgements

This study was supported by the National Association for Disabled Children
and Youths (RBU), the Promobilia Foundation and the Medical Faculty, Lund
University Hospital.

Author details

'Department of Orthopaedics, Lund University, University Hospital, 221 85
Lund, Sweden. *Centre for Clinical Research, Uppsala University, Central
Hospital, 721 89 Vasteras, Sweden.

Authors’ contributions

ERB and GH designed the study. Both authors analysed the results. ERB
wrote the first draft, which was then actively improved and revised by both
authors. Both authors approved the final manuscript.

Authors’ information

ERB is a PT at the Department of Orthopaedics, Lund University, SE 221 85
Lund and the Centre for Clinical Research, Uppsala University, Central
Hospital, SE 721 89 Vasterds, Sweden.

GH is a MD PhD at the Department of Orthopaedics, Lund University,
University Hospital, SE 221 85 Lund, Sweden.

Competing interests
The authors declare that they have no competing interests.

Received: 26 March 2010 Accepted: 16 August 2010
Published: 16 August 2010

References

1. Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano D, Dan B,
Jacobsson B: A report: the definition and classification of cerebral palsy
April 2006. Dev Med Child Neurol Suppl 2007, 49(Feb s109):8-14.

2. Prevalence and characteristics of children with cerebral palsy in Europe.
Dev Med Child Neurol 2002, 44(9):633-640.

20.

21.

22.

23.

24.

Page 7 of 8

Tefft D, Guerette P, Furumasu J: Cognitive predictors of young children’s
readiness for powered mobility. Dev Med Child Neurol 1999,
41(10):665-670.

Fernandes T: Independent mobility for children with disabilities.
International Journal of Therapy and Rehabilitation 2006, 13(7):329-333.
Palisano RJ, Tieman BL, Walter SD, Bartlett DJ, Rosenbaum PL, Russell D,
Hanna SE: Effect of environmental setting on mobility methods of
children with cerebral palsy. Dev Med Child Neurol 2003, 45(2):113-120.
Palisano RJ, Shimmell LJ, Stewart D, Lawless JJ, Rosenbaum PL, Russell DJ:
Mobility experiences of adolescents with cerebral palsy. Phys Occup Ther
Pediatr 2009, 29(2):135-155.

Wiart L, Darrah J: Changing philosophical perspectives on the
management of children with physical disabilities-their effect on the use
of powered mobility. Disabil Rehabil 2002, 24(9):492-498.

Salminen AL, Brandt A, Samuelsson K, Toytari O, Malmivaara A: Mobility
devices to promote activity and participation: a systematic review. J
Rehabil Med 2009, 41(9):697-706.

Holsbeeke L, Ketelaar M, Schoemaker MM, Gorter JW: Capacity, capability,
and performance, different constructs or three of a kind? Arch Phys Med
Rehabil 2009, 90(5):849-855.

Young NL, Williams JI, Yoshida KK, Bombardier C, Wright JG: The context of
measuring disability: does it matter whether capability or performance
is measured? J Clin Epidemiol 1996, 49(10):1097-1101.

Hagglund G, Andersson S, Duppe H, Lauge-Pedersen H, Nordmark E,
Westbom L: Prevention of dislocation of the hip in children with cerebral
palsy. The first ten years of a population-based prevention programme.
J Bone Joint Surg Br 2005, 87(1):95-101.

Hagglund G, Andersson S, Duppe H, Lauge-Pedersen H, Nordmark E,
Westbom L: Prevention of severe contractures might replace multilevel
surgery in cerebral palsy: results of a population-based health care
programme and new techniques to reduce spasticity. J Pediatr Orthop B
2005, 14(4):269-273.

Nordmark E, Hagglund G, Lagergren J: Cerebral palsy in southern Sweden
I. Prevalence and clinical features. Acta Paediatr 2001, 90(11):1271-1276.
Westbom L, Hagglund G, Nordmark E: Cerebral palsy in a total population
of 4-11 year olds in southern Sweden. Prevalence and distribution
according to different CP classification systems. BMC Pediatr 2007, 7:41.
Surveillance of cerebral palsy in Europe: a collaboration of cerebral palsy
surveys and registers. Surveillance of Cerebral Palsy in Europe (SCPE).
Dev Med Child Neurol 2000, 42(12):816-824.

Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B:
Development and reliability of a system to classify gross motor function
in children with cerebral palsy. Dev Med Child Neurol 1997, 39(4):214-223.
Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH: Content validity of
the expanded and revised Gross Motor Function Classification System.
Dev Med Child Neurol 2008, 50(10):744-750.

Ostensjo S, Carlberg EB, Vollestad NK: The use and impact of assistive
devices and other environmental modifications on everyday activities
and care in young children with cerebral palsy. Disabil Rehabil 2005,
27(14):849-861.

Henderson S, Skelton H, Rosenbaum P: Assistive devices for children with
functional impairments: impact on child and caregiver function. Dev Med
Child Neurol 2008, 50(2):39-98.

Fauconnier J, Dickinson HO, Beckung E, Marcelli M, McManus V,

Michelsen S, Parkes J, Parkinson KN, Thyen U, Arnaud C, et al- Participation
in life situations of 8-12 year old children with cerebral palsy: cross
sectional European study. BMJ 2009, 338:01458.

Lacoste M, Therrien M, Prince F: Stability of children with cerebral palsy in
their wheelchair seating: perceptions of parents and therapists. Disabil
Rehabil Assist Technol 2009, 4(3):143-150.

Arner M, Eliasson AC, Nicklasson S, Sommerstein K, Hagglund G: Hand
function in cerebral palsy. Report of 367 children in a population-based
longitudinal health care program. J Hand Surg Am 2008, 33(8):1337-1347.
Bottos M, Bolcati C, Sciuto L, Ruggeri C, Feliciangeli A: Powered
wheelchairs and independence in young children with tetraplegia. Dev
Med Child Neurol 2001, 43(11):769-777.

Butler C: Effects of powered mobility on self-initiated behaviors of very
young children with locomotor disability. Dev Med Child Neurol 1986,
28(3):325-332.


http://www.ncbi.nlm.nih.gov/pubmed/17370477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17370477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10587042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10587042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12578237?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12578237?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19401928?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12097218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12097218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12097218?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19774301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19774301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19406307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19406307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8826988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8826988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8826988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15686244?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15686244?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15931031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15931031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15931031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11808898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11808898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18053264?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18053264?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18053264?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9183258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9183258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18834387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18834387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16096237?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16096237?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16096237?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18177410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18177410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19395424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19395424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19395424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19378209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19378209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18929198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18929198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18929198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11730152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11730152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2941328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2941328?dopt=Abstract

Rodby-Bousquet and Hagglund BMC Pediatrics 2010, 10:59 Page 8 of 8
http://www.biomedcentral.com/1471-2431/10/59

25. Huang IC, Sugden D, Beveridge S: Children’s perceptions of their use of
assistive devices in home and school settings. Disabil Rehabil Assist
Technol 2009, 4(2):95-105.

26. Franks CA, Palisano RJ, Darbee JC: The effect of walking with an assistive
device and using a wheelchair on school performance in students with
myelomeningocele. Phys Ther 1991, 71(8):570-577, discussion 577-579.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2431/10/59/prepub

doi:10.1186/1471-2431-10-59

Cite this article as: Rodby-Bousquet and Hagglund: Use of manual and
powered wheelchair in children with cerebral palsy: a cross-sectional
study. BMC Pediatrics 2010 10:59.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/19253098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19253098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1852796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1852796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1852796?dopt=Abstract
http://www.biomedcentral.com/1471-2431/10/59/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Purpose

	Methods
	Results
	Indoor mobility
	Outdoor mobility

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Authors' information
	Competing interests
	References
	Pre-publication history

