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Knee and foot contracture occur earliest in children with cerebral 
palsy: a longitudinal analysis of 2,693 children
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Joint contracture is a common problem in children with cere-
bral palsy (CP) (Rosenbaum et al. 2007). Spasticity, muscle 
imbalance, inability to move, and muscle pathology constrain 
normal muscle growth and lead to dynamic contracture fol-
lowed by static joint contracture over time because of tight 
muscles surrounding the joints (Barrett and Lichtwark 2010). 
Children with CP exhibit increased sarcomere length and 
reduced number of satellite cells, both of which affect the abil-
ity to maintain muscle length during development and bone 
growth (Barrett and Lichtwark 2010, Smith et al. 2013). The 
risk of contracture increases with age and higher level on the 
Gross Motor Function Classification System (GMFCS) (Nor-
dmark et al. 2009). Some 60% of adults with CP experience 
contracture in the lower limbs (Agustsson et al. 2018).

Joint contracture prevents mechanical alignment of the 
joints, which affects standing and lying positions, and the 
quality and energy cost of gait (Raja et al. 2007). Contracture 
of the foot, knee, or hip joint may also affect adjacent joints 
and lead to severe postural asymmetries, windswept hips, and 
scoliosis (Agustsson et al. 2017, 2018, Pettersson et al. 2020). 
Contracture is often associated with pain, which occurs most 
frequently in the lower limbs of children with CP (Alriksson-
Schmidt and Hägglund 2016, Blackman et al. 2018). To pre-
vent severe joint contracture and reduce its effects on adjacent 
joints, it is crucial to identify children with reduced range of 
motion (ROM) to begin targeted treatment early (Chan and 
Miller 2014).

We analyzed whether contracture preventing hip extension, 
knee extension, or foot dorsiflexion occurs first in children 
with CP with GMFCS level I to V.

Background and purpose — Joint contracture is a 
common problem among children with cerebral palsy (CP). 
To prevent severe contracture and its effects on adjacent 
joints, it is crucial to identify children with a reduced range of 
motion (ROM) early. We examined whether significant hip, 
knee, or foot contracture occurs earliest in children with CP.

Patients and methods — This was a longitudinal study 
involving 27,230 measurements obtained for 2,693 children 
(59% boys, 41% girls) with CP born 1990 to 2018 and regis-
tered before 5 years of age in the Swedish surveillance pro-
gram for CP. The analysis was based on 4,751 legs followed 
up for an average of 5.0 years. Separate Kaplan–Meier (KM) 
curves were drawn for each ROM to illustrate the propor-
tions of contracture-free legs at a given time during the fol-
low-up. Using a clustered bootstrap method and considering 
the child as the unit of clustering, 95% pointwise confidence 
intervals were generated for equally spaced time points every 
2.5 years for each KM curve.

Results — Contracture developed in 34% of all legs, and 
the median time to the first contracture was 10 years from the 
first examination. Contracture was most common in children 
with a higher Gross Motor Function Classification System 
(GMFCS) level. The first contracture was a flexion contrac-
ture preventing dorsiflexion in children with GMFCS level I 
or II and preventing knee extension in children with GMFCS 
level III to V.

Interpretation — Early interventions to prevent knee and 
foot contractures in children with CP should be considered.
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Patients and methods

This was a prospective study based on register data from the 
Swedish Cerebral Palsy Follow-up Program (CPUP), which 
includes > 95% of all children with CP in Sweden. We ana-
lyzed all measurements reported from the start of the program 
in October 1994 until the end of June 2018 and included all 
children born 1990 to 2018 and registered in the CPUP before 
5 years of age. Children registered at 5 years of age or later 
were excluded. Children included in the CPUP were examined 
every 6 months, once a year, or every other year, depending on 
their age and GMFCS level (Figure 1).

The systematic follow-up includes several variables such as 
reports of surgery, CP subtype, and clinical examinations of 
passive ROM and gross motor function. The full protocol is 
available at: https://cpup.se/in-english/manuals-and-evalua-
tion-forms/.

Gross motor function was classified by the child’s phys-
iotherapist into level I to V according to the expanded and 
revised version of the GMFCS (Palisano et al. 2008). Passive 
hip extension, knee extension, and dorsiflexion were assessed 
by goniometric measurements in standardized positions. Hip 
extension was measured with the child in the prone position 
with legs over the end of the examining table and the pelvis 
straight. Knee extension and foot dorsiflexion were measured 
with the child in the supine position with the hip and knee 
extended. 

Contracture was defined as hip and knee flexion contracture 
of 10° or more and plantarflexion contracture of at least 10° 
in extension of the hip, knee, or foot. Children with unilateral 
spastic CP were identified, and only the affected side was used 
in the analyses. For children with ataxic, dyskinetic, or spastic 
bilateral CP, both legs were included. 

Each leg that underwent soft tissue surgery or bony surgery 
and both legs of children with an intrathecal baclofen pump 
(ITB) or who underwent a selective dorsal rhizotomy (SDR) 
operation before the onset of the first contracture were cen-
sored from the analyses at the date of surgery. If information 
on which leg was operated on was missing, both legs were 
censored at the date of surgery. 

osteotomy, physiodesis, or arthrodesis. Surgery on the upper 
extremity or the spine, fracture, extraction of osteosynthesis 
material, or treatment with botulinum toxin injection were not 
censored and data for children who received these treatments 
were retained in the analyses. 

Statistics
Hip extension, knee extension, and foot dorsiflexion were 
dichotomized into 2 groups: no contracture and contracture. 
Both legs for each child were then followed up from inclu-
sion in the CPUP surveillance program until the last examina-
tion or the date of surgery. The follow-up time was calculated 
for each leg for each child, and separate Kaplan–Meier (KM) 
curves were drawn for each leg’s ROM to illustrate the propor-
tions of contracture-free legs at a given time during the follow-
up. For children with unilateral spastic CP, only the affected 
side was included in the analyses. Using a clustered bootstrap 
method and considering the child as the unit of clustering, 95% 
pointwise confidence intervals (CI) were generated for equally 
spaced time points every 2.5 years for each KM curve. IBM 
SPSS Statistics (version 25.0; IBM Corp, Armonk, NY, USA), 
STATA (version 14, Stata-Corp, College Station, TX, USA), 
and R (R Foundation for Statistical Computing, Vienna, Aus-
tria) were used for the statistical analyses. Categorical vari-
ables are described by frequency (n) and percentage (%).

Ethics, funding, and potential conflicts of interest
The study was approved by the Medical Research Ethics 
Committee in Lund (383/2007, 443-99), and permission was 
obtained to extract data from the CPUP registry. The study 
received funding from Stiftelsen för bistånd åt rörelsehindrade 
i Skåne, Promobilia, Forte and Region Kronoberg. The fund-
ing sources had no decision-making role or influence on the 
study design, data collection, data analysis, data interpreta-
tion, or writing of the report. The authors declare that they 
have no conflicts of interest.

Results

2,693 children (1,598 boys, 1,095 girls) with an examination 
before the age of 5 years were reported between 1994 and 

Figure 1. Guidelines for clinical examination and hip radiograph within the Swedish Cere-
bral Palsy Follow-up Program (CPUP).

Reports of spasticity-reducing surgery, such 
as that to insert an ITB or SDR, and the date 
of surgery or pump insertion were extracted. 
Surgery of the lower limbs was recorded in 
the database and was grouped into either soft 
tissue surgery or bony surgery for the hip, 
knee, or foot along with the date of surgery 
for the left and right leg. Examples of the 
soft tissue surgeries performed were adduc-
tor tenotomy, hamstring or Achilles tendon 
lengthening, and tendon or muscles transfer. 
Examples of the bony surgeries reported were 
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2018. The analysis was based on 4,751 legs fol-
lowed up for an average of 5.0 years (only the 
affected leg was included for children with uni-
lateral CP). Contractures were in general most 
common at higher GMFCS levels (Table 1). 
There were 27,230 measurement occasions. 

Within the 10 years of follow-up, 937 legs 
(20%) had been operated on. The most common 
operation was soft tissue surgery of the hip (316 
legs, 6.7%), followed by soft tissue surgery of the 
foot (201 legs, 4.2%), and bony surgery (oste-
otomy) of the hip (151 legs 3.2%). The median 
ages were 4 years for soft tissue surgery of the 
hip, 7 years for soft tissue surgery of the foot, and 
6.5 years for bony surgery of the hip (Table 2). 
The proportions of legs not operated on in chil-
dren with different GMFCS levels are presented 

Table 1. Contracture events and number of person-years accord-
ing to the Gross Motor Function Classification System I–V (GMFCS)

GMFCS level	 n (%)	 Contracture, legs (%)	 Person-years (mean)
		
I	 1,901 (40)	 237 (13)	 11,450 (6.0)
II	 765 (16)	 183 (24)	 4,495 (5.9)
III	 540 (11)	 247 (46)	 2,250 (4.2)
IV	 752 (16)	 436 (58)	 3,166 (4.2)
V	 793 (17)	 499 (63)	 2,406 (3.0)
		
Total 	 4,751 	 1,602 (34)	 23,768 (5.0) 

Table 2. Age at first hip, knee, and foot operation

		  Age at first operation	
Type of surgery	 Median	 1st quartile	 3rd quartile

Hip, soft tissue	 4.0	 3.0	 6.0
Hip, bony	 6.5	 4.0	 10
Knee, soft tissu	 9.0	 7.0	 12	
Knee, bony	 10	 5.5	 12
Foot, soft tissu	 7.0	 5.0	 10	
Foot, bony 	 11	 8.5	 14	
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Figure 2. Proportions of operation-free legs from the 
time of the first measurement for each GMFCS level.
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Figure 3. Proportions of legs free from 
hip, knee, and foot contracture, strati-
fied by GMFCS level and 95% pointwise 
confidence intervals for equally spaced 
time points every 2.5 years during the 
follow-up.

in Figure 2.
1,602 contractures were recorded. A contracture developed 

in 34% of all legs, and the median time to the first contracture 
was 10 years from the first examination within the follow-up 
program. Contracture occurred most frequently in children 
with a higher GMFCS level. The first contracture to occur in 
children with GMFCS level I or II was a foot or ankle con-
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tracture, and a knee contracture was the first contracture to 
develop in children with GMFCS level III to V. Proportions of 
legs free from hip, knee, and foot contracture in each GMFCS 
level are presented in Table 3 and with separate KM curves in 
Figure 3.

Discussion

We identified that the first joint contracture to occur in the 
lower limb involved foot contracture for children with GMFCS 
level I or II and knee contracture for children with GMFCS 
level III to V. Children classified with GMFCS level I and II 
are ambulant whereas those classified with GMFCS level III 
to V in general rely on wheeled mobility and spend more time 
sitting with flexed knees. This could explain the sequence in 
which the contracture presents. This seems to follow the same 
pattern as previously reported for pain localization in children 
with CP, in which children with GMFCS level I or II report 
pain primarily in the feet and those with GMFCS III to V pain 
in the knees and hips (Alriksson-Schmidt and Hägglund 2016). 

These results are consistent with those of a previous study 
(Nordmark et al. 2009) that reported decreasing ROM from 
2 years of age in all lower limb joints. Together, these find-
ings suggest that contracture should be treated early given that 
ROM seems to decrease over time. Cloodt et al. (2018) found 
that hamstring length, measured as the unilateral popliteal 
angle, and dorsiflexion of the foot are strongly associated with 
the development of knee contracture, whereas spasticity had 
a significantly smaller effect. Contracture in the lower limbs 
affects the mechanical position of both the affected and adja-
cent joints. Preventing normal movements and forces around 
the joint may increase the risk for additional contractures.

Our study excluded children whose first measurement was 
at 5 years of age or later. The reason for this was to increase 
the opportunity of identifying the first contracture and to 
reflect the natural development of contracture as much as pos-
sible because information on treatment and surgery before 
enrollment in the CPUP was not available in these children. 
Among the children included, their access to early service and 
follow-up during their first years of life should be considered. 
All children with CP in Sweden have access to free health care 

and interventions from multiprofessional habilitation centers 
(Alriksson-Schmidt et al. 2017). 

Surgery or treatment with SDR and ITB can affect the devel-
opment of contracture in a specific joint as well as in adjacent 
joints (McGinley et al. 2012). 

There are several strengths and limitations of our study. 
Classification of subtype was missing in several cases and 
therefore not included. The contractures were recorded by 
goniometric measurement, which is a standard measurement 
in clinical settings but whose reliability varies according to the 
joint and position (Hancock et al. 2018, Kim et al. 2018). The 
results included in our study were based on repeated measure-
ments taken by many different examiners, and this may have 
introduced information bias or measurement errors. In survival 
analysis, as we used, measurement error can introduce bias. 
However, this bias has been shown to be small when differ-
ences between groups are moderate in terms of hazard ratios 
(Oh et al. 2018). Furthermore, in some situations in which 
bias was found to be substantial, bias attenuates observed dif-
ferences between groups. For our study, this would mean an 
underestimation of differences in risk of having a first con-
tracture in a specific joint compared with another joint. We 
validated the data for incorrectly reported measurements to 
reduce the risk of incorrect outliers. Examiners in the CPUP 
are encouraged to practice and learn to perform the register’s 
standardized measurements, which has been shown to be 
important for reliability (Fosang et al. 2003). 

One limitation of our study was the cutoff values for defin-
ing contracture. We chose –10° as the cutoff for all joints to be 
consistent with the reference values used in the surveillance 
program. Hip or knee extension or foot dorsiflexion of –10° or 
less causes functional limitations and affects mechanical align-
ments. To evaluate the effects of this cutoff, we also ran the 
statistical analyses using less than 0° as the cutoff and found a 
similar outcome. For children with GMFCS level III to V, the 
statistical analyses indicated that the conclusion of this study 
was insensitive to the choice of cutoff values for contracture, 
that is, 0° or –10°. It is more difficult to draw a conclusion from 
the trend for GMFCS level I and II because the fewer contrac-
tures at these levels of motor function (Nordmark et al. 2009) 
make it harder to detect statistically significant differences. 

Another limitation was the age of the children censored 
because of surgery. In the CPUP surveillance program, chil-
dren at risk for hip dislocation have their first soft tissue sur-
gery of the hip early (median age 4 years), which precedes 
the first foot and knee surgery by 3 and 5 years, respectively. 
In some cases, hip surgery is likely to occur before confirmed 
contracture of the hip because of the indication for surgery 
based solely on lateralization on radiographs (Hägglund et al. 
2005). In our study, the operated leg was censored from analy-
ses at the time of the first operation. This may have affected 
the results, especially for children with GMFCS level IV or 
V, because many of these children receive their hip operation 
early and therefore were not included in the analysis.

Table 3. Proportions of legs free from hip, knee, and foot contrac-
ture, stratified by GMFCS level, and 95% pointwise confidence 
intervals after 10 years of follow-up

GMFCS level	 Hip	 Knee	 Ankle

I	 1.0 (0.9–1.0)	 1.0 (0.9–1.0)	 0.9 (0.9–0.9)
II	 0.9 (0.8–0.9)	 0.9 (0.9–0.9)	 0.8 (0.8–0.9)
III	 0.9 (0.8–0.9)	 0.5 (0.4–0.6)	 0.7 (0.6–0.8)
IV	 0.8 (0.8–0.8)	 0.3 (0.3–0.4)	 0.7 (0.7–0.8)
V	 0.8 (0.7–0.8)	 0.2 (0.2–0.3)	 0.6 (0.6–0.7)
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Botulinum toxin A injection is a common treatment for 
spasticity in children with CP in Sweden (Franzén et al. 2017) 
and it could be argued that this interfered with our results. 
However, given the large number of treated children and the 
fact that the effect of botulinum toxin is not permanent, these 
children were included.

The intervals between examinations in the CPUP are based 
on GMFCS level and age, from twice a year up to the age of 
6 years and then every year (GMFCS II–V) or every second 
year (GMFCS I) (Figure 1). This indicates that some differ-
ences between GMFCS levels may stem from differences in 
detection, probably because of the different number of exami-
nations. Although this may explain some of the differences in 
the proportion of contractures, it does not explain the fact that 
contractures occurred in a different sequence, with dorsiflex-
ion first in children with GMFCS level I or II and knee exten-
sion first in children with GMFCS level III to V. 

Our longitudinal study covers a time period of 24 years and 
during this period several interventions have changed. Phys-
iotherapy interventions have changed from hands-on sessions 
to a greater focus on activity and participation. The use of 
assistive devices and orthoses has increased, and interventions 
are primarily integrated into the child’s everyday life. There 
are regional differences in pediatric physiotherapy interven-
tions in Sweden (Degerstedt et al. 2020). More intensive treat-
ment has been associated with better outcome for the children 
(Storvold et al. 2020). Surgeries are more proactive rather 
than reactive today and the amount of surgeries has decreased 
(Hägglund et al. 2005). 

Our study indicates that contractures in the lower limb occur 
early. It seems possible to avoid major surgeries by monitoring 
patients with CP and treating contractures early on with phys-
iotherapy, orthoses, and botulinum toxin (Hägglund 2005, 
Novak et al. 2013). Knowledge regarding the occurrence of 
the first contracture is important to be able to provide early 
treatment. 

An ankle–foot orthosis (AFO) is used widely to facilitate 
dorsiflexion and to improve walking ability, gait pattern, or 
foot alignment when standing. In Sweden, 50% of children 
with CP use an AFO, and the use of AFO starts early and 
increases with age up to 5 years (Wingstrand et al. 2014). A 
similar trend has been reported for the development of spastic-
ity of the gastrosoleus muscle, which peaks at age 5–6 years 
in children with CP (Lindén et al. 2019). Knee orthoses can 
also be used to increase ROM, but this has not been evaluated 
widely (Laessker-Alkema and Eek 2016). Most children with 
CP in Sweden who require a standing device use individually 
molded hip–knee–ankle–foot orthoses for mechanical align-
ment of all the segments of the lower extremities. 

Botulinum toxin is frequently used in children with CP in 
Sweden (Franzén et al. 2017). It is most frequently injected 
into the gastrocnemius muscle to improve gait and increase 
ROM. The treatment is usually followed by use of orthosis 
or in some cases serial casting. Botulinum toxin is more fre-

quently used in younger children (Franzén et al. 2017) and its 
use corresponds to the development of spasticity that increases 
over the first 5 years of life and then decreases after 6 years of 
age (Lindén et al. 2019) and GMFCS level I or II. Our results 
are consistent with this observation that foot contracture 
occurred first in children with GMFCS levels I–II. Botulinum 
toxin injection into the hamstring muscles is most common 
in older children with GMFCS level IV or V (Franzén et al. 
2017). Our study showed that knee contracture occurs first 
in children with GMFCS level IV or V but that contracture 
occurs at an early age.

It is reasonable to think that a contracture in a joint affects 
the adjacent joints, which are then at risk for developing con-
tracture. With a knee joint contracture, the hip will not be 
extended and flexion contracture in connection with abduc-
tion or adduction is likely to occur. Knowledge concerning 
the sequence of the development of contracture in children at 
different GMFCS levels is crucial for treating the joints early 
on and preventing the sequence of contractures following the 
first one.

In conclusion, lower limb contracture occurs first in the 
foot of children with GMFCS level I and II and in the knee 
in children with GMFCS level III to V. Early interventions to 
prevent knee and foot contractures in children with CP should 
be considered.
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