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Abstract Objective: To describe limitations in range of motion (ROM) in middle-aged adults
with cerebral palsy (CP), and identify associations with CP subtype, gross motor function, sex
and age.
Design: Population-based cohort study.
Setting: Local and regional referral centers.
Participants: Inclusion criteria: diagnosis of CP, born 1959 to 1978 and living in the county of
V€astra G€otaland, Sweden. In the population-based register of CP in Western Sweden, 417 sub-
jects were identified and 139 volunteered to participate. Adults with CP, born elsewhere, who
had moved into the area were invited through patient organizations and habilitation units, and
eleven chose to participate. In total 150 participants, age 37-58 years (mean 48) 65 women
(43%) (N=150). All CP subtypes and Gross Motor Function Classification (GMFCS) levels were
represented.
Interventions: Not applicable
Main Outcome Measures: Passive ROM was measured in the upper and lower extremity and was
classified into 4 levels (inspired by The Spinal Alignment and Range of Motion Measure and
adapted from the values of the American Academy of Orthopedic Surgeons); good=1, vs mild=2,
moderate=3 or severe=4 limitation. The results were summarized to obtain a total score of the
participants’ ROM limitations.
Results: Moderate to severe limitations were present in 98 % of the participants. There was a cor-
relation to GMFCS level in both the upper and lower extremity (P<.001), but no correlation with
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age. Upper extremity limitations were most common in dyskinetic CP, lower extremity limita-
tions were most common in dyskinetic CP and bilateral spastic CP. Men had more limitations in
the lower extremity (P=.001). The most common limitation in the lower extremity was ham-
strings tightness (82%) and hip abduction (80%), and in the upper extremity, limited shoulder
abduction (57%).
Conclusions: Limited ROM is common in adults with CP, most pronounced in shoulders, hip joints
and hamstrings muscles, with no differences related to age in this age-span.
© 2023 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation
Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Cerebral palsy (CP) describes a group of permanent motor
impairments due to early brain injury, which cause activity
limitations across the lifespan.1 The severity may vary from
mild to severe and multiple disabilities.2 The Surveillance of
Cerebral Palsy in Europe classifies CP in subtypes depending
on the dominant neurologic finding; unilateral spastic CP,
bilateral spastic CP, dyskinetic CP, and ataxic CP.3 Gross
motor function can be described by the 5 level Gross Motor
Function Classification System (GMFCS).4 CP subtype accord-
ing to The Surveillance of Cerebral Palsy in Europe and motor
function according to GMFCS together add structure and
understanding to the diagnosis and provide 1 relevant
description of severity.5

Despite the fact that CP is a non-progressive brain injury,
the consequences of CP change over time.2 Normal ageing
means deterioration of functional skills, but for many people
with CP deterioration in physical ability can occur as early as
around age 30, which is significantly earlier than in the gen-
eral population.6 Changes in function may be due to muscle
contractures and decreased range of motion, decreased
muscle strength or increased weight,7,8 leading to pain and
fatigue.6,7 Musculoskeletal problems such as pain and
reduced mobility in combination with fatigue are common
at all GMFCS levels.9,10 One longitudinal study showed that
at 50 years of age, significantly more people with CP
reported problems regarding pain, stiffness and balance
compared to what they did 12 years earlier.11 However, few
studies describes functional ability in middle-aged or older
adults with CP.

Range of motion (ROM) can be affected by limitations in
the joint, increased muscle tone, muscle contractures and
pain, features that are common in CP. Studies on children
and adolescents with CP has shown decreasing ROM with
age,12 associated with subtype and less functional GMFCS
levels.13 Restrictions in knee joint mobility are common in
the ages of 18-23 years.14,15 One study on adults with CP
found an association between GMFCS level and limited ROM
in the hip and knee joint.10 We have found no study describ-
ing the presence and severity of limitations in ROM in both
upper and lower extremities of middle-aged adults with CP.

Limited ROM in the upper extremity can affect functional
abilities such as reaching, maintaining hygiene, eating and
fine motor skills.16-18 Limited ROM in the lower extremity
can lead to impaired functional skills such as lying, sitting,
standing, and walking,13 but may also affect activities such
as dressing, picking up objects, and bathing.19

Many physioterapy interventions are aimed at treating
muscle contractures. These interventions are time-consum-
ing for both the patient and the phyiotherapist and can be
painful for the patient.20 There is a lack of knowledge on the
amount and distribution of ROM limitations in adults with CP
and their effect on daily life, a knowledge needed to be able
to prioritize interventions.

In this study, which is part of the population-based study
of adults with CP in western Sweden, the aim was to
describe limitations in ROM in middle-aged adults with CP. A
second aim was to identify associations with age, sex, CP
subtype, and gross motor function.
Methods

Participants

Inclusion criteria were people with CP born 1959 to 1978 and
living in the county of V€astra G€otaland, Sweden. Based on
the CP register of Western Sweden 417 people were identi-
fied and invited to participate in the study of adults with CP,
which included interviews and assessments.21 There was no
reply from 184, 86 declined, 5 were deceased, and 3 partici-
pants did not want to be measured for ROM at the time of
the assessment, leaving 139 individuals. Adults with CP, born
elsewhere, who had moved into the area were invited to
participate in the study through patient organizations and
habilitation units, and eleven chose to participate. GMFCS
level was decided based on the medical interview and physi-
cal examination at the visit. Subtype was retrieved from the
CP register based on medical examination in childhood and
confirmed at the examination. Assessments were conducted
from 2016 to 2019.
Measurements

Passive ROM was measured bilaterally in supine position with
a plastic goniometer for 9 functions in the upper extremity
(shoulder: flexion, abduction, external, and internal rota-
tion; elbow: extension, flexion, and supination; wrist:
extension with straight fingers and flexion) and for 10 func-
tions in the lower extremities (hip: extension, flexion,
abduction, external and internal rotation; knee: hamstrings
angle, extension, and flexion; ankle: dorsiflexion with
straight knee and dorsiflexion with bent knee). Angle values
were recorded to the nearest degree. The measurements
were made according to a standardized protocol. When
measuring the hamstring angle, hip rotations, and knee flex-
ion, the starting position of the hip was 90 degrees flexion.
Results where there was a lack of 15 degrees or more to the
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starting position were excluded. The same applied to dorsi-
flexion of the ankle with a straight knee if the extension
defect of the knee was equal to or over 15 degrees. The
physical examination was performed by 4 physiotherapists,
all with more than 20 years’ experience of working with peo-
ple with CP.

Inspired by The Spinal Alignment and Range of Motion
Measure,22 which was developed to describe joint mobility
in the lower extremity of children and adolescents with CP,
the degrees of ROM were grouped and classified into 4 lev-
els. The scale was modified by not using the ‘0’ grade (no
restriction of ROM and no abnormal posture) and adapted to
adults using values of the American Academy of Orthopedic
Surgeons.23 Values were classified in 4 levels, with 1 being
good joint mobility and 2, 3, and 4 being mild, moderate,
and severe limitation, respectively. The division into levels
was based on discussions with colleagues with long clinical
experience of the patient group, with a focus on the adult
perspective, and on studies of how much ROM is needed for
activities of daily living (ADLs).16,19,24 A mild limitation or
less (levels 1 or 2), will still allow the individual to complete
most of the tested daily activities in these studies, while
more severe limitations (levels 3 or 4) can have a major
effect on everyday activities. For exact values for each
joint, see supplemental table S1 (available online only at
http://www.archives-pmr.org/). To make it possible to com-
pare ROM at a group level, the classifications of the partici-
pants’ measured ROM on both sides were summarized to
create a new variable of ROM limitation for the upper and
lower extremity respectively, summed ROM limitation (SRL).

The study was approved by the Regional Ethics Review
Board in Gothenburg, Dnr 777-13 2014-01-15 and Dnr T1037-
15 2015-12-22. All participants (or their legal guardian)
described in this paper have given written consent to
inclusion.
Statistical analysis

As data consisted of nominal data and ordinal scales, non-
parametric tests were used for statistical analysis. Differen-
ces in SRL between subtypes, GMFCS levels, and sex were
analyzed with the Kruskal-Wallis test and the paired Mann-
Whitney test. Spearman’s rank correlation coefficient was
used for finding the relationship between SRL, GMFCS levels,
and age. Correlations were graded with <0.3 considered
negligible, 0.3-0.5 considered low, 0.5-0.7 considered mod-
erate, 0.7-0.9 considered high, and >0.90 considered very
high correlation.25 To investigate differences with respect to
sex, age, subtype, and GMFCS level between included par-
ticipants and non-participants the chi-squared test was
used. Level of significance was set at P<.05. Statistical anal-
yses were made with SPSS, version 26.a
Results

In total, 150 participants were examined, consisting of 85
men (57%) and 65 women (43%); the mean age at the time of
the survey was 48 years, (SD 6:6, range 37-58y) (supplemen-
tal fig S1, available online only at http://www.archives-pmr.
org/). All CP subtypes and GMFCS levels were represented.
For characteristics of the participants see supplemental
table S2 (available online only at http://www.archives-pmr.
org/). Comparison of background variables from the CP reg-
ister of Western Sweden between the study population
(n=150) and nonparticipants (n=278) showed no statistical
difference regarding sex and age. There was a difference
between the groups regarding subtype, where dyskinetic CP
occurred in a higher proportion in the study group and bilat-
eral spastic CP in a lower proportion, and regarding GMFCS
level, with fewer participants at GMFCS levels I and II and
more at levels IV and V in the study group (supplemental
table S2, available online only at http://www.archives-pmr.
org/).

Out of all 150 participants, only 3 (2%) did not have any
moderate or severe limitations (level 3 or 4) and 97 (65%)
had at least 5 measured limitations at these levels. How the
level of limitation for each measured ROM was distributed is
presented in table 1 and figure 1. Limited ROM was more
common and more severe in the lower extremity than in the
upper extremity. Regarding the upper extremity, more than
80% had good joint mobility in elbow flexion and wrist flex-
ion. Limitations were most frequent in shoulder abduction
(57%) and internal rotation (54%). Limitations were also
more severe in shoulder abduction, classified as moderate to
severe in 19%. Regarding the lower extremity, knee flexion
was least affected, with more than 70% of the participants
graded as having good joint mobility. Most limitations were
found in the hamstrings angle, where 82% showed some limi-
tation, 52% graded as moderate to severe. For hip abduc-
tion, 80% had some form of limitation and for internal
rotation 74%, with more than 40% moderate to severe. In hip
flexion, knee extension, and dorsiflexion of the ankle, both
with a straight and a bent knee, more than 20% had moder-
ate to severe limitations. It was not possible to measure hip
extension and ankle dorsiflexion with a straight knee in
many participants because of difficulties in assuming the
correct starting position, leading to missing data in 20% for
these movements.

Results from calculation of summed ROM limitation (SRL)
are presented in table 2 and the distribution of levels are
presented in figure 2. In the calculation of SRL, hip extension
and ankle dorsiflexion with a straight knee were excluded
because of the amount of missing data (see table 1). As a
result, the total number of measurements included in the
SRL was 18 for the upper extremity, with a maximum sum of
72 (indicating severe limitation in all ROM functions) and 16
for the lower extremity, with a maximum sum of 64. Partici-
pants with less than 18 measured functions for the upper
and 16 for the lower extremity have been excluded from the
statistical analysis, leaving 133 participants for the upper
and 127 for the lower extremity to be included. Excluded
participants were mainly at GMFCS level V, 6/17 for the
upper extremity and 13/23 for the lower; the majority of
excluded participants were of dyskinetic CP subtype. The
median value for the upper extremity in total was 24 and
was 29 for the lower extremity.

There was a visible trend toward more limitations in indi-
viduals at a more severe GMFCS level, with a low correlation
for the upper extremity (rho=0.460, P<.001) and moderate
for the lower extremity (rho=0.563, P<.001). Comparison
between the different subtypes showed that limitations in
the upper extremity were most common in participants with
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Table 1 ROM in the upper and lower extremity, classified into four levels based on severity of limitation.

Level 1
Good mobility

Level 2
Mild limitation

Level 3
Moderate limitation

Level 4
Severe limitation

Missing
data

Shoulder n (%) n (%) n (%) n (%) n %

Flexion 159 (53) 112 (37) 16 (5) 11 (4) 2 (1)
Abduction 126 (42) 113 (38) 42 (14) 16 (5) 3 (1)
External rotation 208 (69) 59 (20) 22 (7) 5 (2) 6 (2)
Internal rotation 128 (43) 130 (43) 31 (10) 3 (1) 8 (3)
Elbow
Extension 211 (70) 54 (18) 24 (8) 9 (3) 2 (1)
Flexion 252 (84) 41 (14) 2 (1) 1 (0) 4 (1)
Wrist
Extension 229 (76) 39 (13) 14 (5) 8 (3) 10 (3)
Flexion 246 (82) 35 (12) 8 (3) 1 (0) 10 (3)
Supination 206 (69) 49 (16) 26 (9) 6 (2) 13 (4)
Hip
Extension 47 (16) 138 (46) 49 (16) 5 (2) 61 (20)
Flexion 123 (41) 93 (31) 57 (19) 26 (9) 1 (0)
Abduction 56 (19) 119 (40) 104 (35) 15 (5) 7 (2)
External rotation 137 (46) 95 (32) 34 (11) 8 (3) 26 (9)
Internal rotation 52 (17) 89 (30) 90 (30) 42 (14) 27 (9)
Knee
Hamstrings 33 (11) 91 (30) 106 (35) 51 (17) 19 (6)
Extension 152 (51) 84 (28) 42 (14) 20 (7) 2 (1)
Flexion 221 (74) 47 (16) 19 (6) 6 (2) 7 (2)
Ankle
Dorsiflexion with straight knee 42 (14) 113 (38) 76 (25) 7 (2) 62 (21)
Dorsiflexion with bent knee 130 (43) 90 (30) 60 (20) 13 (4) 8 (3)

NOTE: All participants are measured on both the right and left side, total number of measurements n=300. Data are reported as number
(%). For exact values for each function, see supplemental table S1 (available online only at http://www.archives-pmr.org/).

Fig 1 ROM in the upper and lower extremity, classified into four levels based on severity of limitation: 1=good ROM, 2=mild limita-
tion, 3=moderate limitation, and 4=severe limitation. Level 1=good ROM is displayed to the left and the limitation levels 2-4 to the
right. All 150 participants are measured on both the right and left side, for a total of 300 measurements.
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Table 2 SRL for the upper and lower extremity, reported as median and IQR in relation to CP subtype and GMFCS level.

SRL

Study population
n=150 (%)

Upper extremity Lower extremity

Subtype n median IQR n median IQR

USCP 62 (41) 58 23 6 60 26 7
BSCP 53 (35) 50 23.5 8 44 34 12
DCP 29 (19) 22 28 12 17 31 12
ACP 6 (4) 3 20 . 6 28 13
GMFCS
I 60 (40) 59 22 5 58 26 6
II 28 (19) 26 23 6 28 31 9
III 20 (13) 16 25.5 7 17 30 15
IV 25 (17) 21 29 12 20 38 9
V 17 (11) 11 33 12 4 34 16

NOTE: For the upper extremity 17 participants were excluded and for the lower extremity 23 participants.
Abbreviations: ACP, ataxic cerebral palsy; BSCP, bilateral spastic cerebral palsy; DCP, dyskinetic cerebral palsy; IQR, interquartile range;
USCP, unilateral spastic cerebral palsy
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dyskinetic CP and in the lower extremity limitations were
most common in bilateral spastic CP and dyskinetic CP.
(table 2, fig 2).

There was a sex difference for the lower extremity
regarding SRL, where the median value for men (31) was
higher than for women (27) (P=.001). The difference for the
upper extremity was not significant (P=.349). There was neg-
ligible correlation between SRL and age in the age span of
Fig 2 Box and whisker plots showing median and percentiles of sum
for GMFCS levels I-V and for subtypes: USCP (unilateral spastic cerebr
cerebral palsy), ACP (ataxic cerebral palsy).
the group (upper extremity rho=0.025, P=.778; lower
extremity rho=0.043, P=.635).
Discussion

This descriptive study showed that limited ROM was common
in middle-aged adults with CP, more common with increasing
med ROM limitation (SRL) in the upper and the lower extremity
al palsy), BSCP (bilateral spastic cerebral palsy), DCP (dyskinetic
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motor severity. There were differences between subtypes
with dyskinetic CP having more limitations in the upper
extremity, and, in the lower extremity, bilateral spastic CP
and dyskinetic CP had more limitations. Men tended to have
more limitations than women in the lower extremity.

The limitations did not increase with age in this group of
persons between 37 and 58 years of age, contrary to previ-
ous longitudinal studies of children and adolescents, all
reporting that limitations increase with age,12,13,26 suggest-
ing that most limitations arise at younger ages. This is impor-
tant knowledge pointing to the importance of early
intervention to prevent contractures.

The classification of ROM aimed to describe limitation
based on its possible effect on everyday life, with levels 3
and 4 potentially affecting motor function. Kinematic stud-
ies have presented minimum ROM ranges to be able to com-
plete selected ADL in healthy adults such as eating,
toileting, and reaching. However, they differ in exact
degrees and in their definition of movements.16-18 In the
upper extremity it is particularly difficult to describe the
amount of ROM needed for daily activities because of the
complexity of movement patterns. In the lower extremity,
while it is known how much ROM is needed for walking,24

few studies describe the ROM needed for activities such as
dressing, putting on shoes, toileting, taking a bath, or pick-
ing up objects from the floor.19 A hip extension deficit can
also lead to an asymmetrical position in lying and the so-
called windswept position.14 In our study, the 3 most com-
mon limitations in the upper extremity were in the shoulder
(abduction, internal rotation, and flexion), limitations that
can lead to reduced independence in activities such as going
to the toilet and maintaining hygiene.17 Limitations in the
lower extremity were most pronounced for the hamstrings
and hip abduction, which may have a major effect on the sit-
ting position, and activities such as dressing and hygiene.
Especially for individuals at GMFCS level IV and V, stable sit-
ting is vital for many everyday activities, and a prerequisite
for these activities is to be able to use hands and eyes in a
purposeful manner. Comparing our classification to values on
how much is needed for ADL16,19,24 confirmed that level 1-2,
a mild limitation or less, is required to complete most of the
tested daily activities in these studies. However, for adults
with CP who already have small margins, even mild limita-
tions in combination with reduced muscle strength, fatigue,
pain, and impaired balance can affect independence in
everyday activities.6,7 To what extent the ROM limitations
had an effect on the participants’ daily activities was not
part of this study but would be interesting to explore in
future studies.

Reporting the summarized score, SRL, for the upper and
lower extremities respectively, was a way of achieving a
more overall picture of the participants’ difficulties and
make it easier to compare on a group level. There was a
moderate correlation between GMFCS level and limitations
of ROM in in the lower extremity. Not surprisingly, the corre-
lation between GMFCS level and SRL in the upper extremity
was low, as arm function is less vital for gross motor func-
tion. The correlation between GMFCS level and limited ROM
is similar to previous studies.10,26

Comparison between subtypes showed that people with
dyskinetic CP had more limitations in the upper extremity,
similar to findings from Hedberg-Graff.12 There was a
significant difference between dyskinetic CP and the spastic
subtypes, and a little unexpected that dyskinetic CP, with
tone change and constant movements having more limita-
tions than bilateral spastic CP. The presence in dyskinetic CP
of primitive reflexes, such as the asymmetrical and symmet-
rical tonic neck reflex, may lead to muscle contractures.
Moreover, co-occurring spasticity, which may lead to con-
tractures, was found in 70% of children with dyskinetic CP in
a population-based study.27 Furthermore, there were more
participants with dyskinetic CP being excluded because of
pain and difficulties to assume the correct starting position,
which may lead to an underestimation of the problem. Par-
ticipants with ataxic CP were very few, making it difficult to
draw conclusions about this group.

In the present study, men had significantly more limita-
tions than women in the lower extremity. Sex differences
have also been noted in studies of adults with no motor
problems,28,29 where women had better mobility in plantar
flexion and hip flexion, while men had better internal and
external rotations in the hip,28 and mobility was almost
equal between men and women for the upper extremity,
which is similar to the findings in our study.29

Study limitations

This is a cross-sectional study and did not assess changes in
the ROM of individual subjects as they age, which limits the
generalizability.

All subtypes were represented in the study. However,
there was a difference between participants and non-partic-
ipants regarding subtype. In the study group, there was an
over-representation of participants with dyskinetic CP. All
participants were measured bilaterally, which meant that
the group with unilateral spastic CP could not be distin-
guished in the study.

When analyzing the SRL, hip extension and ankle dorsi-
flexion with a straight knee were excluded because of the
amount of missing data. Causes of exclusion were pain and
contractures in adjacent joints that prevented the correct
position for the measurement, mostly because of more than
15 degrees limitation in knee extension. Participants where
1 or more joints could not be measured were also excluded.
These factors may lead to an underestimation of the number
of limitations, as a large majority of the participants that
were excluded were classified at GMFCS level V, which also
affected the results when comparing GMFCS levels.
Conclusions

The study provides an overview of ROM in middle-aged
adults with CP, where limited ROM is common, most pro-
nounced in shoulder and hip joints, including hamstrings
muscles. The finding that there were no significant differen-
ces related to age in this group differs from studies in chil-
dren and young adults where deterioration increases with
age. The study provides valuable knowledge both to the indi-
vidual and to health professionals on what to focus on in in
earlier ages to prevent problems later in life. For most of
the participants in our study, specialized follow-up was dis-
continued when they turned 18. As adults, many have not
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had any contact with health professionals specialized in CP.
In the future, these results may serve as comparison in the
evaluation of if more recent follow-up programs, such as the
Swedish surveillance program for people with CP,30 can
affect the development of joint mobility and its effect on
everyday life.
Suppliers
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Corresponding author

Ann-Louise Wibeck at Habilitering & H€alsa, Ekelundsgatan 8,
411 18 G€oteborg, Sweden. E-mail address: ann-louise.
wibeck@vgregion.se.

Acknowledgments

We thank all the participants for their time and effort.

References

1. Rosenbaum P, Paneth N, Leviton A, et al. A report: the definition
and classification of cerebral palsy April 2006. Dev Med Child
Neurol Suppl 2007;109:8–14.

2. Jonsson U, Eek MN, Sunnerhagen KS, Himmelmann K. Changes in
walking ability, intellectual disability, and epilepsy in adults
with cerebral palsy over 50 years: a population-based follow-up
study. Dev Med Child Neurol 2021;63:839–45.

3. 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;42:816–24.

4. Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH. Content
validity of the expanded and revised Gross Motor Function Clas-
sification System. Dev Med Child Neurol 2008;50:744–50.

5. Himmelmann K, Beckung E, Hagberg G, Uvebrant P. Gross and
fine motor function and accompanying impairments in cerebral
palsy. Dev Med Child Neurol 2006;48:417–23.

6. Jahnsen R, Villien L, Egeland T, Stanghelle J, Holm I. Locomotion
skills in adults with cerebral palsy. Clin Rehabil 2004;18:309–16.

7. Opheim A, Jahnsen R, Olsson E, Stanghelle JK. Walking func-
tion, pain, and fatigue in adults with cerebral palsy: a 7-year
follow-up study. Dev Med Child Neurol 2009;51:381–8.

8. McCormick A, Brien M, Plourde J, Wood E, Rosenbaum P, McLean
J. Stability of the Gross Motor Function Classification System in
adults with cerebral palsy. Dev Med Child Neurol 2007;49:265–9.

9. Benner JL, Hilberink SR, Veenis T, Stam HJ, van Der Slot WM,
Roebroeck ME. Long-term deterioration of perceived health and
functioning in adults with cerebral palsy. Arch Phys Med Rehabil
2017;98. 2196-205.e1.

10. Sandstr€om K, Alinder J, €Oberg B. Descriptions of functioning and
health and relations to a gross motor classification in adults
with cerebral palsy. Disabil Rehabil 2004;26:1023–31.

11. T€ornbom M, Jonsson U, Sunnerhagen KS. Increasing symptoms,
met and unmet needs in adults with cerebral palsy or meningo-
myelocele a longitudinal follow-up. Scand J Disabil Res
2013;15:249–63.
12. Hedberg-Graff J, Granstr€om F, Arner M, Krumlinde-Sundholm L.
Upper-limb contracture development in children with cerebral
palsy: a population-based study. Dev Med Child Neurol 2019;61:204.

13. Nordmark E, H€agglund G, Lauge-Pedersen H, Wagner P, West-
bom L. Development of lower limb range of motion from early
childhood to adolescence in cerebral palsy: a population-based
study. BMC Med 2010;8:49.

14. Rodby-Bousquet E, Czuba T, H€agglund G, Westbom L. Postural
asymmetries in young adults with cerebral palsy. Dev Med Child
Neurol 2013;55:1009–15.

15. Brantmark A, Westbom L, Nordmark E. Mobility and joint range
of motion in adults with cerebral palsy: a population-based
study. Eur J Physiother 2015;17:192–9.

16. Gates DH, Walters LS, Cowley J, Wilken JM, Resnik L. Range of
motion requirements for upper-limb activities of daily living.
Am J Occup Ther 2016;70. 7001350010p1-p10.

17. van Andel CJ, Wolterbeek N, Doorenbosch CAM, Veeger D, Har-
laar J. Complete 3D kinematics of upper extremity functional
tasks. Gait Posture 2008;27:120–7.

18. Do�gan M, Koçak M, Onursal K{l{nç €O, et al. Functional range
of motion in the upper extremity and trunk joints: nine
functional everyday tasks with inertial sensors. Gait Posture
2019;70:141–7.

19. Hyodo K, Masuda T, Aizawa J, Jinno T, Morita S. Hip, knee, and
ankle kinematics during activities of daily living: a cross-sec-
tional study. Braz J Phys Ther 2017;21:159–66.

20. Houx L, Pons C, Saudreau H, et al. No pain, no gain? Children
with cerebral palsy and their experience with physiotherapy.
Ann Phys Rehabil Med 2021;64:101448.

21. Jonsson U, Eek MN, Sunnerhagen KS, Himmelmann K. Cerebral
palsy prevalence, subtypes, and associated impairments: a pop-
ulation-based comparison study of adults and children. Dev Med
Child Neurol 2019;61:1162–7.

22. Bartlett D. The Spinal Alignment and Range of Motion Measure
(SAROMM). Available at: https://www.canchild.ca/system/
tenon/assets/attachments/000/000/088/original/SAROMM.
pdf. Accessed January 8, 2015.

23. America Academy for Orthopaedic Surgeons. Joint motion:
method of measuring and recording. Edinburgh & London, UK:
E. & S. Livingstone; 1965.

24. Bonnefoy-Mazure A, Armand S. Normal gait. In: Canavese F,
Deslandes J, eds. Orthopedic management of children with
cerebral palsy, Hauppauge, New York, United States: Nova Sci-
ence Publishers Inc; 2015:199–214.

25. Mukaka MM. Statistics corner: a guide to appropriate use of cor-
relation coefficient in medical research. Malawi Med J
2012;24:69–71.

26. Cloodt E, Rosenblad A, Rodby-Bousquet E. Demographic and
modifiable factors associated with knee contracture in children
with cerebral palsy. Dev Med Child Neurol 2018;60:391–6.

27. Himmelmann K, Hagberg G, Wiklund LM, Eek MN, Uvebrant P.
Dyskinetic cerebral palsy: a population-based study of children
born between 1991 and 1998. Dev Med Child Neurol
2007;49:246–51.

28. Sung E-S, Kim J-H. Relationship between ankle range of motion
and Biodex Balance System in females and males. J Exerc Reha-
bil 2018;14:133–7.

29. Murray MP, Gore DR, Gardner GM, Mollinger LA. Shoulder motion
and muscle strength of normal men and women in two age
groups. Clin Orthop Relat Res 1985(192):268.

30. CPUP. CPUP Uppf€oljningsprogram f€or cerebral pares. Available at:
https://cpup.se/in-english/what-is-cpup-in-english/. Accessed
September 9, 2023.

mailto:ann-louise.wibeck@vgregion.se
mailto:ann-louise.wibeck@vgregion.se
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0001
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0001
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0001
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0002
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0002
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0002
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0002
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0003
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0003
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0003
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0004
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0004
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0004
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0005
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0005
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0005
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0006
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0006
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0007
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0007
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0007
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0008
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0008
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0008
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0009
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0009
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0009
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0009
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0010
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0010
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0010
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0010
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0010
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0011
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0011
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0011
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0011
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0011
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0012
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0012
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0012
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0012
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0013
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0013
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0013
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0013
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0013
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0014
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0014
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0014
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0014
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0015
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0015
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0015
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0016
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0016
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0016
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0017
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0017
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0017
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0019
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0019
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0019
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0021
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0021
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0021
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0021
https://www.canchild.ca/system/tenon/assets/attachments/000/000/088/original/SAROMM.pdf
https://www.canchild.ca/system/tenon/assets/attachments/000/000/088/original/SAROMM.pdf
https://www.canchild.ca/system/tenon/assets/attachments/000/000/088/original/SAROMM.pdf
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0023
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0023
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0023
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0024
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0024
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0024
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0024
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0025
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0025
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0025
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0026
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0026
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0026
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0027
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0027
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0027
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0027
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0028
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0028
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0028
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0029
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0029
http://refhub.elsevier.com/S2590-1095(23)00065-4/sbref0029
https://cpup.se/in-english/what-is-cpup-in-english/

	Range of Motion Limitations in Middle-aged Adults With Cerebral Palsy
	Methods
	Participants
	Measurements
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusions
	Suppliers
	Acknowledgments
	Outline placeholder
	References




