
Rodby-Bousquet and Hägglund BMC Musculoskeletal Disorders 2010, 11:131
http://www.biomedcentral.com/1471-2474/11/131

Open AccessR E S E A R C H  A R T I C L E
Research articleSitting and standing performance in a total 
population of children with cerebral palsy: a 
cross-sectional study
Elisabet Rodby-Bousquet*1,2 and Gunnar Hägglund1

Abstract
Background: Knowledge of sitting and standing performance in a total population of children with cerebral palsy (CP) 
is of interest for health care planning and for prediction of future ability in the individual child. In 1994, a register and a 
health care programme for children with CP in southern Sweden was initiated. In the programme information on how 
the child usually sits, stands, stands up and sits down, together with use of support or assistive devices, is recorded 
annually.

Methods: A cross-sectional study was performed, analysing the most recent report of all children with CP born 1990-
2005 and living in southern Sweden during 2008. All 562 children (326 boys, 236 girls) aged 3-18 years were included in 
the study. The degree of independence, use of support or assistive devices to sit, stand, stand up and sit down was 
analysed in relation to the Gross Motor Function Classification System (GMFCS), CP subtype and age.

Result: A majority of the children used standard chairs (57%), could stand independently (62%) and could stand up 
(62%) and sit down (63%) without external support. Adaptive seating was used by 42%, external support to stand was 
used by 31%, to stand up by 19%, and to sit down by 18%. The use of adaptive seating and assistive devices increased 
with GMFCS levels (p < 0.001) and there was a difference between CP subtypes (p < 0.001). The use of support was 
more frequent in preschool children aged 3-6 (p < 0.001).

Conclusion: About 60% of children with CP, aged 3-18, use standard chairs, stand, stand up, and sit down without 
external support. Adding those using adaptive seating and external support, 99% of the children could sit, 96% could 
stand and 81% could stand up from a sitting position and 81% could sit down from a standing position. The GMFCS 
classification system is a good predictor of sitting and standing performance.

Background
Cerebral palsy (CP) is the most frequent cause of motor
disability in children and adolescents [1-3] with a preva-
lence of 2-3 children per 1000 live births [2,4]. The sever-
ity of impairments is extremely variable. Almost one third
of children with CP are non-ambulant and spend most of
their lives in a sitting or lying position [3]. Reduced pos-
tural ability is often a key problem and they may need
postural support or assistive devices to stabilize the body
against gravity in order to maintain a sitting or standing
position [5-16]. A crouched standing posture leads to a
reduced hip and knee extension that worsens over time,

due to gravity and the altered position of the body seg-
ments in relation to each other [17]. Postural control is
also affected by the environment and the attention
required when performing dual tasks [18]. Adaptive seat-
ing reduces the need for assistance from a caregiver [19-
21] and may facilitate daily activities and functions such
as playing [22], eating [20-24], breathing [25] and arm
and hand function [8,26,27].

According to the Surveillance of Cerebral Palsy in
Europe network (SCPE) [2] the CP subtypes are classified
as Spastic Unilateral, Spastic Bilateral, Ataxic, Dyskinetic
and Unclassified or mixed types. To define the level of
gross motor function in children with CP, the Gross
Motor Function Classification System (GMFCS) [28,29]
is generally accepted.
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A strong predictor for ambulation in children with CP
is sitting ability at two years of age [30,31]. Knowledge of
the sitting and standing performance in a total population
of children with CP is of interest for health care planning
and to predict future ability in the individual child.

In 1994, a CP register and a health care programme,
called CPUP, was initiated for children with CP in south-
ern Sweden [32,33]. The child's local physiotherapist fills
in a recording form twice a year up to six years of age and
once a year thereafter. These data have been used to anal-
yse sitting and standing performance in a total population
of children with CP.

Purpose
To describe how children with CP usually sit, stand, stand
up and sit down and their use of support/assistive
devices, related to age, CP subtype and GMFCS level.

Methods
The CPUP register includes all children with CP born
after 1 January 1990 living in the counties of Skåne 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 [4,34]. Since 2005, CPUP has been a National
Health Care Quality Register approved by the National
Board of Health and Welfare in Sweden. A search is made
regularly to find all children with CP in the area and
invite them to participate in CPUP [4]. Almost all families
(98%) have agreed to participate [4].

In the present study the most recent reports in all chil-
dren with CP born 1990-2005 and living in the area in
2008 were analysed. There were 562 children in total (326
boys, 236 girls) aged 3-18 years (mean age 10.9) in the
register and they were all included in the study. The dis-
tribution of GMFCS levels was: level I 47.1%, II 13.5%, III
11.4%, IV 15.0% and V 13.0%. For the subtypes the distri-
bution was: spastic unilateral 29%, spastic bilateral 37.2%,
ataxic 8.5%, dyskinetic 14.8% and unclassified or mixed
types 10.5%. For more detailed distribution of age, sex,
GMFCS level and subtype, see Table 1.

The programme includes a continuous standardized
follow-up of gross and fine motor function, clinical find-
ings and treatment. The child's local physiotherapist
examines the child and fills in a recording form twice a
year until the age of six, then once a year. The recording
form includes information about how the child usually
sits, stands, stands up and sits down. The information
about the child's performance (what they usually do) is
obtained by questions put to the children and their care-
givers.

The degree of independence and use of support or
assistive devices to sit, stand, stand up and sit down were
analysed in relation to subtype, GMFCS level and age.

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 dif-
ferent ages the children were divided into five age groups
according to the Swedish school system, 3-6, 7-9, 10-12,
13-15 and 16-18 years.

The International Classification of Functioning, Dis-
ability and Health (ICF) [35] was used to define the differ-
ent activities as follows: to sit = maintain a basic body
position in sitting; to stand = maintain a basic body posi-
tion in standing; to stand up = change a basic body posi-
tion and get into a standing position from a seated
position; to sit down = change a basic body position and
get into a seated position, sit down (on a chair) from a
standing position.

The question regarding seating was: What kind of chair
does the child usually sit in? The options were: The child
uses (1) a standard chair, (2) adaptive seating or (3) does
not sit. Adaptive seating was defined as any special seat-
ing, high chair or seating system provided as an assistive
device to those who cannot sit in a standard chair due to
postural deficit and/or physical disability.

The questions regarding standing were: How does the
child usually get into a standing position from sitting on a
chair; maintain a standing position; sit down on a chair
from a standing position? The options were: The child (1)
does it independently without external support; (2) does
it with external support or (3) cannot. External support
denotes support from the environment (wall, furniture,
assistive devices) or from another person.

SPSS version 17.0 was used for the statistical analyses.
The Kruskal-Wallis test was used to analyse differences
related to CP subtypes. Mann-Whitney was used for post
hoc tests for Kruskal-Wallis. Linear by linear association
test was used to analyse differences related to GMFCS
levels and age groups. Spearman's rank correlation was
used to calculate correlations for ordinal data. P-values <
0.05 were considered significant.

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

Results
Sitting
Of the 562 children, 321 (57%) used standard chairs and
236 (42%) used adaptive seating. Two children did not sit,
and information was missing in three children. There was
a significant increase in use of standard chairs with age (p
< 0.001) (Table 2). The use of chairs correlated to GMFCS
level (rs = 0.73, p < 0.001) (Table 3) and the use of adaptive
seating increased with GMFCS levels (p < 0.001). Of the
children at GMFCS level I, 90% use standard chairs, 68%
at level II, 44% at level III, 5% at level IV and none of the
children at level V (Figure 1). Kruskal-Wallis test showed
a significant difference in the use of standard chairs
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between CP subtypes (p < 0.001). Post hoc analyses with
Mann-Whitney showed a difference between all subtypes
(p < 0.001) except for ataxic/spastic bilateral, ataxic/
unclassified and spastic bilateral/unclassified. The use of
standard chairs was most frequent in children with spas-
tic unilateral CP (88%), followed by 60% of those with
ataxic CP, 54% with spastic bilateral CP and least frequent
in children with dyskinetic CP (11%). The reverse was
seen for adaptive seating (Figure 2).

Standing
The reported means of standing showed that 368 (65%) of
the children could stand independently without support
while 172 (31%) stood with support/assistive devices and
21 (4%) could not stand. Information was missing in one
child. The most frequent standing device was a standing
brace used by 130 children (75%) in some cases used in
combination with a standing frame or a tilt table. Stand-
ing frames or tilt tables were used by 57 children, and
standing wheelchairs by 23 children. The use of support
to stand correlated to the use of adaptive seating (rs =
0.70, p < 0.001) and to GMFCS level (rs = 0.85, p < 0.001)

(Table 3). Standing without support increased with
decreasing GMFCS level (p < 0.001). At GMFCS level I all
children stood without support while less than half (37%)
did so at GMFCS level III and none at level V. However,
84% of all children at GMFCS levels IV-V stood with sup-
port/assistive devices (Figure 3). There was a significant
difference in standing performance between CP subtypes
(p < 0.001). Post hoc analyses showed a significant differ-
ence between all subtypes (p < 0.02) except for spastic
bilateral vs. unclassified. Of the children with spastic uni-
lateral CP, 98% stood independently, 79% of those with
ataxia and 58% of those with spastic bilateral CP, while
only 19% of the dyskinetic subtype did so. Support was
most frequently used by children with the spastic bilateral
and dyskinetic subtypes, in total 48% (Figure 4). There
was a difference in standing performance between the
preschool children and the other age groups (p < 0.05)
(Table 2).

Standing up from a sitting position
Of the 562 children 350 (62%) could stand up without
external support, 109 (19%) required external support

Table 1: Details of the 562 children, their age, sex, GMFCS level and CP subtype.

Age No. Of children Sex GMFCS level CP subtype

B G I II III IV V S U S B DY AT UC

3 25 12 13 10 3 3 5 4 3 3 2 1 16

4 27 16 11 16 2 2 5 2 6 4 6 2 9

5 32 18 14 16 1 7 2 6 8 9 5 3 7

6 32 21 11 9 3 9 4 7 8 11 8 1 4

7 29 13 16 15 6 3 3 2 9 11 3 2 4

8 40 22 18 19 3 3 10 5 12 16 5 5 2

9 35 18 17 18 5 2 6 4 14 11 5 2 3

10 40 27 13 12 10 6 8 4 12 19 7 0 2

11 33 15 18 14 4 6 5 4 8 13 5 3 4

12 44 25 19 25 8 2 4 5 18 15 5 2 4

13 34 19 15 19 3 3 4 5 12 16 4 2 0

14 34 23 11 19 6 1 4 4 10 15 2 5 2

15 49 36 13 21 5 3 10 10 15 18 10 6 0

16 37 21 16 19 6 3 6 3 11 15 5 5 1

17 40 23 17 20 7 6 6 1 8 18 6 7 1

18 31 17 14 12 4 5 2 8 9 15 5 2 0

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 or mixed type
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and 102 (18%) could not stand up from a sitting position.
Information was missing in one child. The use of support
to stand up from sitting increased with GMFCS level (p <
0.001). All children at GMFCS level I and 87% at level II
got into standing position independently. At GMFCS lev-
els III and IV almost two thirds (64%) required support
and at GMFCS level V only 7% got into standing position
with support (Figure 3). The use of support to stand up

was closely correlated to the use of support to sit down (rs
= 0.99, p < 0.001) and to GMFCS level (rs = 0.88, p <
0.001) (Table 3). There was a significant difference
between CP subtypes (p < 0.001). Post hoc analyses
showed a significant difference between all subtypes (p <
0.03) except for spastic bilateral vs. unclassified. All chil-
dren with spastic unilateral CP could get into standing

Table 2: Distribution (%) of use of support (adaptive seating, standing device, external support) to sit, stand, stand up and 
sit down in different age groups.

Age group (years) Without support % With support % Cannot %

Sit 3-6 40.5 58.6 0.2

7-9 49.6 40.4 0.0

10-12 55.6 43.6 0.0

13-15 59.8 38.5 0.0

16-18 71.3 27.8 0.2

Stand 3-6 55.2 42.2 2.6

7-9 67.0 30.1 2.9

10-12 70.1 27.4 2.6

13-15 65.8 27.4 6.8

16-18 70.4 25.9 3.7

Stand up 3-6 51.7 23.3 25.0

7-9 66.3 17.3 16.3

10-12 65.0 21.4 13.7

13-15 63.8 17.2 19.0

16-18 65.7 17.6 16.7

Sit down 3-6 53.0 17.4 29.6

7-9 66.3 16.3 17.3

10-12 65.8 20.5 13.7

13-15 63.2 17.1 19.7

16-18 66.7 16.7 16.7

Linear by linear association test showed a significant increase in use of standard chairs with age (p < 0.001). There was a difference in 
performance to stand (p < 0.05) and to stand up (p = 0.03) between the preschool children 3--6 years compared to the other age groups. The 
use of support to sit down from standing decreased with age (p = 0.041).

Table 3: Correlations between GMFCS levels and independence/use of support to sit, stand, stand up and sit down.

GMFCS Sit Stand Stand up Sit down

GMFCS 1.00 0.73 0.85 0.88 0.88

Sit 0.73 1.00 0.70 0.72 0.72

Stand 0.85 0.70 1.00 0.91 0.91

Stand up 0.88 0.72 0.91 1.00 0.99

Sit down 0.88 0.72 0.91 0.99 1.00

All correlations are statistically significant (p < 0.001) (Spearman's correlation).
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position and only 4% required support. Of the children
with ataxic CP, 73% got into standing position without
support and 19% used support, while 55% of those with
spastic bilateral CP got into standing position without
support, 29% used support and 16% could not stand up
from sitting. In the dyskinetic subtype only 17% got into
standing position independently while 55% could not
stand up even with support (Figure 4). More children got
into standing position without support in the age groups
7-18 years than those aged 3-6 years (p = 0.03) (Table 2).

Sitting down from a standing position
The use of support to sit down from standing was similar
to that found for getting into standing position (rs = 0.99,
p < 0.001) (Table 2, 3). Of the 562 children 353 (62%) sat
down from standing without support, 99 (18%) used sup-

port and 109 (19%) could not. Information was missing in
one child. The use of support to sit down decreased with
increasing age (Table 2) and increased with GMFCS level
(p < 0.001) (Figure 3). All children at GMFCS level I sat
down independently and 89% of those at level II. At
GMFCS level III, 61% used support to sit down and 57%
at level IV. At GMFCS level V only 5% sat down using
support and 95% could not (Figure 3). Kruskal-Wallis test
showed a significant difference in the way the children sat
down from standing between the subtypes (p < 0.001).
Post hoc analyses showed a significant difference
between all subtypes (p < 0.01) except for spastic bilateral
vs. unclassified subtype. In the spastic bilateral subtype
28% used support to sit down, 22% of the children with
dyskinetic CP and 15% with ataxic CP. A majority of the
children with dyskinetic CP (61%) could not sit down
even with support. That was also the case for 16% of the
children with spastic bilateral CP and for 8% of those with
ataxia (Figure 4).

There were 368 children who stood independently, and
of those 346 (94%) got into standing position without
support. Of the 172 children who stood with support, 85
also required support to get into standing position and 84
could not do so even with support

Discussion
This study describes sitting and standing performance in
a total population of children with CP and the numbers of
those needing assistive devices or external support. The
results show what the children usually do, i.e. their per-
formance, not what they can do, i.e. their ability. In chil-
dren with disabilities, ability exceeds performance [36].
The discrepancy between ability and performance can
relate to differences in environmental factors [36]. Most
of the children with CP use standard chairs (57%) and can
stand (66%), stand up (62%), and sit down (63%) without
external support. The children in this study were all
included in the CPUP programme which has been shown
to reduce the number of severe contractures [33] and hip
dislocations [32]. This may have reduced the number of
children who were unable to sit or stand and may also
have affected the use of assistive devices.

In Sweden assistive devices such as adaptive seating
and standing devices are provided free of charge by the
Assistive Technology Centres. This means that the results
of this study reflect the children's use of assistive devices
without regard to the economic situation of the family.
The opinions of the child and family, the rehab team and
the physical surroundings influence the need for, or use
of, adaptive seating and assistive devices. Strategies to
alter the environment in order to compensate for func-
tional impairment have recently been recognized in pae-
diatric rehabilitation [21,37,38]. Assistive devices have
been shown to enhance function in children with CP and

Figure 1 Type of chair used for sitting related to GMFCS level. In-
formation missing in 3 of the 562 children aged 3-18 years. The use of 
adaptive seating increased with GMFCS-levels (p < 0.001), linear by lin-
ear association test.

Figure 2 Type of chair used for sitting related to CP subtype. Infor-
mation missing in 3 of the 562 children aged 3-18 years. Kruskal-Wallis 
test showed a significant difference in use of standard chairs between 
CP-subtypes (p < 0.001) Post hoc analyses with Mann-Whitney showed 
a significant difference between all subtypes (p < 0.001) except for 
ataxic/spastic bilateral, ataxic/unclassified and spastic bilateral/unclas-
sified.
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reduce the demand on caregivers [21,37]. It is therefore
important that different types of assistive device for sit-
ting and standing are carefully considered for children
with CP.

Sitting and standing performance was related to the CP
subtype. Almost all children with spastic unilateral CP
used standard chairs and did not use assistive devices to
stand, stand up or sit down, so this subtype predicts a
better sitting and standing performance than the other
subtypes. Children with the dyskinetic subtype are the
least likely to achieve a high sitting and standing perfor-
mance since less than 20% sit in standard chairs and
stand, stand up and sit down without support. Nearly
40% of the children with CP are classified as spastic bilat-
eral, representing children with all levels of gross motor
function. For these children the subtype does not give
sufficient information regarding the individual child's sit-
ting and standing performance.

The number of children using adaptive seating
decreased with age. The use of support to stand, stand up
and sit down was more frequent in preschool children
and decreased in schoolchildren and adolescents. How-
ever it was not clarified whether this was due to natural
development or to environmental factors.

The use of adaptive seating and standing devises
increased with GMFCS levels. There was a significant dif-
ference (p < 0.001) and a high correlation (rs = 0.73-0.88)
for all outcome measures related to the GMFCS levels.
The GMCS level is age-related and as most children
remain at the same GMFCS level this classification sys-
tem seems useful for prediction of the individual child's
future sitting and standing performance.

This material represents a total population of children
with CP, aged 3 to 18 years, and therefore the study is
likely to give a true picture of the sitting and standing per-
formance and the use of support/assistive devices among
children with CP. There is a need for further research on
how often the children sit and stand and how long they
remain in different positions.

Conclusion
About 60% of children with CP, aged 3-18, use standard
chairs, stand, stand up, and sit down without external
support. Adding those using adaptive seating and exter-
nal support, 99% of the children could sit, 96% could
stand and 81% could stand up from a sitting position and
81% could sit down from a standing position. Spastic uni-
lateral or ataxic subtype predicts a better sitting and
standing performance than the other subtypes. The

Figure 3 The use of support to stand (A), stand up (B) and sit down (C) related to GMFCS level. Information missing in one of the 562 children 
aged 3-18 years. The use of support increased with GMFCS level (p < 0.001), linear by linear association test.
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GMCS level is age-related and as most children remain at
the same GMFCS level this classification system seems
useful for prediction of the individual child's future sitting
and standing performance.

Abbreviations
CP: Cerebral Palsy; CPUP: National Health Care Quality Register for Cerebral
Palsy; GMFCS: Gross Motor Function Classification System; ICF: International
Classification of Functioning, disability and health; SCPE: Surveillance of Cere-
bral Palsy in Europe network.

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

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.

Acknowledgements
This study was supported by the National Association for Disabled Children 
and Adolescents (RBU), the Promobilia Foundation and the Medical Faculty, 
Lund University Hospital. We wish to thank Associate Professor Jonas Björk, 
Competence Centre for Clinical Research, Lund University for statistical advice.

Author Details
1Department of Orthopaedics, Lund University, University Hospital, Lund, 
Sweden and 2Centre for Clinical Research, Uppsala University, Central Hospital, 
Västerås, Sweden

References
1. Hagberg B, Hagberg G, Beckung E, Uvebrant P: Changing panorama of 

cerebral palsy in Sweden. VIII. Prevalence and origin in the birth year 
period 1991-94.  Acta Paediatr 2001, 90(3):271-277.

2. 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.

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

4. 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.

5. Nashner LM, Shumway-Cook A, Marin O: Stance posture control in select 
groups of children with cerebral palsy: deficits in sensory organization 
and muscular coordination.  Exp Brain Res 1983, 49(3):393-409.

6. Pope PM, Bowes CE, Booth E: Postural control in sitting the SAM system: 
evaluation of use over three years.  Dev Med Child Neurol 1994, 
36(3):241-252.

7. Myhr U, von Wendt L: Improvement of functional sitting position for 
children with cerebral palsy.  Dev Med Child Neurol 1991, 33(3):246-256.

8. Myhr U, von Wendt L, Norrlin S, Radell U: Five-year follow-up of 
functional sitting position in children with cerebral palsy.  Dev Med 
Child Neurol 1995, 37(7):587-596.

9. Brogren E, Hadders-Algra M, Forssberg H: Postural control in sitting 
children with cerebral palsy.  Neurosci Biobehav Rev 1998, 22(4):591-596.

Received: 12 October 2009 Accepted: 23 June 2010 
Published: 23 June 2010
This article is available from: http://www.biomedcentral.com/1471-2474/11/131© 2010 Rodby-Bousquet and Hägglund; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Musculoskeletal Disorders 2010, 11:131

Figure 4 The use of support to stand (A), stand up (B) and sit down (C) related to CP subtype. Information missing in one of the 562 children 
aged 3-18 years. Kruskal-Wallis test showed a significant difference between CP subtypes (p < 0.001) to stand, stand up and sit down. Post hoc analyses 
with Mann-Whitney revealed a difference between all subtypes (p < 0.05) except for spastic bilateral vs. unclassified.

http://www.biomedcentral.com/1471-2474/11/131
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11332166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11132255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12227618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18053264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6641837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8138073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1760002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7615145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9595574


Rodby-Bousquet and Hägglund BMC Musculoskeletal Disorders 2010, 11:131
http://www.biomedcentral.com/1471-2474/11/131

Page 8 of 8
10. Liao SF, Yang TF, Hsu TC, Chan RC, Wei TS: Differences in seated postural 
control in children with spastic cerebral palsy and children who are 
typically developing.  Am J Phys Med Rehabil 2003, 82(8):622-626.

11. Naslund A, Sundelin G, Hirschfeld H: Reach performance and postural 
adjustments during standing in children with severe spastic diplegia 
using dynamic ankle-foot orthoses.  J Rehabil Med 2007, 39(9):715-723.

12. Woollacott MH, Burtner P, Jensen J, Jasiewicz J, Roncesvalles N, Sveistrup 
H: Development of postural responses during standing in healthy 
children and children with spastic diplegia.  Neurosci Biobehav Rev 1998, 
22(4):583-589.

13. Carlberg EB, Hadders-Algra M: Postural dysfunction in children with 
cerebral palsy: some implications for therapeutic guidance.  Neural 
Plast 2005, 12(2-3):221-228. discussion 263-272

14. Rose J, Wolff DR, Jones VK, Bloch DA, Oehlert JW, Gamble JG: Postural 
balance in children with cerebral palsy.  Dev Med Child Neurol 2002, 
44(1):58-63.

15. Green EM, Mulcahy CM, Pountney TE: An investigation into the 
development of early postural control.  Dev Med Child Neurol 1995, 
37(5):437-448.

16. Green EM, Nelham RL: Development of sitting ability, assessment of 
children with a motor handicap and prescription of appropriate 
seating systems.  Prosthet Orthot Int 1991, 15(3):203-216.

17. Hicks JL, Schwartz MH, Arnold AS, Delp SL: Crouched postures reduce 
the capacity of muscles to extend the hip and knee during the single-
limb stance phase of gait.  J Biomech 2008, 41(5):960-967.

18. Reilly DS, Woollacott MH, van Donkelaar P, Saavedra S: The interaction 
between executive attention and postural control in dual-task 
conditions: children with cerebral palsy.  Arch Phys Med Rehabil 2008, 
89(5):834-842.

19. Hulme JB, Gallacher K, Walsh J, Niesen S, Waldron D: Behavioral and 
postural changes observed with use of adaptive seating by clients with 
multiple handicaps.  Phys Ther 1987, 67(7):1060-1067.

20. Redstone F, West JF: The importance of postural control for feeding.  
Pediatr Nurs 2004, 30(2):97-100.

21. 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.

22. Rigby PJ, Ryan SE, Campbell KA: Effect of adaptive seating devices on the 
activity performance of children with cerebral palsy.  Arch Phys Med 
Rehabil 2009, 90(8):1389-1395.

23. Hulme JB, Shaver J, Acher S, Mullette L, Eggert C: Effects of adaptive 
seating devices on the eating and drinking of children with multiple 
handicaps.  Am J Occup Ther 1987, 41(2):81-89.

24. Larnert G, Ekberg O: Positioning improves the oral and pharyngeal 
swallowing function in children with cerebral palsy.  Acta Paediatr 1995, 
84(6):689-692.

25. Nwaobi OM: Effects of body orientation in space on tonic muscle 
activity of patients with cerebral palsy.  Dev Med Child Neurol 1986, 
28(1):41-44.

26. Nwaobi OM: Seating orientations and upper extremity function in 
children with cerebral palsy.  Phys Ther 1987, 67(8):1209-1212.

27. Stavness C: The effect of positioning for children with cerebral palsy on 
upper-extremity function: a review of the evidence.  Phys Occup Ther 
Pediatr 2006, 26(3):39-53.

28. 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.

29. 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.

30. Sala DA, Grant AD: Prognosis for ambulation in cerebral palsy.  Dev Med 
Child Neurol 1995, 37(11):1020-1026.

31. Wu YW, Day SM, Strauss DJ, Shavelle RM: Prognosis for ambulation in 
cerebral palsy: a population-based study.  Pediatrics 2004, 
114(5):1264-1271.

32. 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.

33. 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.

34. Nordmark E, Hagglund G, Lagergren J: Cerebral palsy in southern 
Sweden I. Prevalence and clinical features.  Acta Paediatr 2001, 
90(11):1271-1276.

35.  [http://apps.who.int/classifications/icfbrowser/].
36. 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.

37. 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):89-98.

38. Fauconnier J, Dickinson HO, Beckung E, Marcelli M, McManus V, Michelsen 
SI, 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:b1458.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/11/131/prepub

doi: 10.1186/1471-2474-11-131
Cite this article as: Rodby-Bousquet and Hägglund, Sitting and standing 
performance in a total population of children with cerebral palsy: a cross-sec-
tional study BMC Musculoskeletal Disorders 2010, 11:131

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12872019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17999010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9595573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16097490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11811652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7768343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1838148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18291404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18452729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2440062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15185730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16096237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19651273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3565530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7670257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3949084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3615589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16966315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18834387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8566450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15520106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15686244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15931031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11808898
http://apps.who.int/classifications/icfbrowser/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8826988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18177410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19395424
http://www.biomedcentral.com/1471-2474/11/131/prepub

	Abstract
	Background
	Purpose

	Methods
	Results
	Sitting
	Standing
	Standing up from a sitting position
	Sitting down from a standing position

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	Author Details
	References
	Pre-publication history

