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Abstract 

Background: To prevent severe contractures and their impact on adjacent joints in children with cerebral palsy (CP), 
it is crucial to treat the reduced range of motion early and to understand the order by which contractures appear. 
The aim of this study was to determine how a hip–knee or ankle contracture are associated with the time to and 
sequence of contracture development in adjacent joints.

Methods: This was a longitudinal cohort study of 1,071 children (636 boys, 435 girls) with CP born 1990 to 2018 who 
were registered before 5 years of age in the Swedish surveillance program for CP and had a hip, knee or ankle flexion 
contracture of ≥ 10°. The results were based on 1,636 legs followed for an average of 4.6 years (range 0–17 years). The 
Cox proportional‑hazards model adjusted for Gross Motor Function Classification System (GMFCS) levels I–V was used 
to compare the percentage of legs with and without more than one contracture.

Results: A second contracture developed in 44% of the legs. The frequency of multiple contractures increased 
with higher GMFCS level. Children with a primary hip or foot contracture were more likely to develop a second 
knee contracture. Children with a primary knee contracture developed either a hip or ankle contracture as a second 
contracture.

Conclusions: Multiple contractures were associated with higher GMFCS level. Lower limb contractures appeared in 
specific patterns where the location of the primary contracture and GMFCS level were associated with contracture 
development in adjacent joints.
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Background
Lower limb contractures are often present in children 
with cerebral palsy (CP). A contracture is defined as 
reduced joint range of motion (static contracture). The 
risk of contractures increases with age and severity of 
the disease [1, 2]. The causes responsible for the devel-
opment of contractures are not fully understood but are 

usually referred to spasticity, muscle pathology, muscle 
weakness, biomechanical alignment, and positioning 
[3–5]. Contractures are associated with pain and affect 
the child’s ability to walk, stand, or transfer [6]. Treat-
ment is usually conservative when the contracture first 
appears and involves physical therapy, orthoses, casting, 
and treatment for spasticity. Preventive treatment might 
reduce the need for surgery and should be initiated as 
early as possible [7].

Children with CP are at risk of developing contractures 
in multiple joints [8]. It is likely that a single contracture 
increases the risk of further contractures because of the 
changes in biomechanical alignment and positioning. 
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Previous studies have shown that hip and knee contrac-
tures increase the risk of scoliosis [9, 10]. Therefore, it is 
important to understand the pattern in which contrac-
tures occur to be able to customize effective treatment 
strategies and prevent severe contractures.

The first contracture to occur in the lower limb varies 
according to the Gross Motor Function Classification 
System (GMFCS) level [11]. Children at GMFCS level 
I or II are most likely to develop an ankle contracture 
first, whereas children at GMFCS levels III–V are most 
likely to develop a knee contracture first [12]. To our 
knowledge, no studies have investigated the association 
between the location of the first contracture with further 
contracture development in the lower limb in children 
with CP.

The aim of this study was to analyze how a hip, knee 
or ankle contracture affects the time to and sequence of 
contracture development in adjacent joints in children 
with CP at GMFCS levels I–V.

Methods
This was a longitudinal cohort study based on register 
data from the Swedish Cerebral Palsy Follow-Up Program 
(CPUP), which includes > 95% of all children with CP in 
Sweden. Children with at least one flexion contracture in 
the hip, knee, or ankle joint were included in this study. 
The study included all measurements reported in the 
registry since the start of the program in October 1994 
until the end of June 2018. All children born in 1990–
2018 who were registered in the CPUP before 5 years of 
age were included. Children registered at 5 years of age 
or later were excluded. According to CPUP, children are 
examined every 6  months, once a year, or every other 
year, depending on their GMFCS level and age [12].

The follow-up includes several variables, such as exam-
ination of gross motor function, passive range of motion 
(ROM), and surgeries reported by the child’s multipro-
fessional habilitation team and orthopedic department. 
The full protocol is available at https:// cpup. se/ in- engli 
sh/ manua ls- and- evalu ation- forms/. The examiners have 
access to the child’s previous measurements. The CPUP 
registry has a yearly reporting rate of 90–95%.

Gross motor function was classified as levels I–V 
according to the expanded and revised version of the 
GMFCS [13]. The GMFCS level from the child’s most 
recent visit were used. Passive ROM was measured using 
a universal goniometer and standardized positions, and 
included hip extension (Thomas test), knee extension, 
and ankle dorsiflexion (knee extended). The range of 
motion was rounded to the nearest 0 or 5 degrees accord-
ing to the manual. A contracture was defined as a flexion 
contracture of at least 10° of the hip and knee or at least 

10° plantar flexion of the ankle. The primary outcome 
was the onset and location of a second contracture.

For children with unilateral CP, only the affected leg 
was included in the analyses. Children included at base-
line had not received lower limb surgeries, selective dor-
sal rhizotomy operation or an intrathecal baclofen pump 
before their first hip, knee or ankle contracture occurred. 
Each leg that underwent soft tissue or bone surgery any 
time after enrollment, that potentially could influence the 
risk of further contracture development, was censored 
at the date of surgery. Examples of reported soft tissue 
surgeries were adductor tenotomy, hamstring or Achil-
les tendon lengthening, and tendon or muscle transfer. 
Examples of reported bone surgeries were osteotomy, 
physiodesis, or arthrodesis [12]. Both legs were censored 
from the analysis at the date of a selective dorsal rhizot-
omy or insert of an intrathecal baclofen pump, or if infor-
mation about which leg was operated on was missing. 
Surgery to the upper extremity or the spine, treatment 
with botulinum toxin injection, oral baclofen medica-
tion, orthotics, or serial casting were not censored, and 
the data for children who received these treatments were 
retained in the analyses.

Statistical analysis
All legs with a contracture were followed up individually 
from the date of the first contracture until the develop-
ment of the second contracture, the last examination, or 
date of surgery. The time from first to second contracture 
was analyzed, for each leg for each child, using the Cox 
proportional-hazards model, adjusting for GMFCS level. 
The model assumptions for proportional hazards was 
tested and fulfilled. This was done first for all legs and 
then separately according to the joint where the first con-
tracture occurred. Legs with more than one contracture 
measured at baseline were included in the descriptive 

Table 1 Number of legs and involvement  for children at GMFCS 
level I‑V at baseline

GMFCS Gross Motor Function Classification System

GMFCS level Children N 
(%)

Legs N (%) Involvement

Unilateral 
CP Legs N 
(%)

All other 
subtypes 
Legs N 
(%)

I 185 (17) 212 (13) 115 (54) 97 (46)

II 206 (19) 269 (16) 68 (25) 201 (75)

III 156 (15) 249 (15) 14 (6) 235 (94)

IV 234 (22) 405 (25) 8 (2) 397 (98)

V 290 (27) 501 (31) 0 (0) 501 (100)

Total 1,071 (100) 1,636 (100) 205 (13) 1431 (87)

https://cpup.se/in-english/manuals-and-evaluation-forms/
https://cpup.se/in-english/manuals-and-evaluation-forms/


Page 3 of 9Cloodt et al. BMC Musculoskeletal Disorders          (2022) 23:629  

analyses (Tables  1 and 2) and when analyzing the time 
between contractures. They were however excluded 
when analyzing the sequences of contracture develop-
ment (Table 3). The chi-squared test was used to analyze 
in which joint the second contracture occurred according 

to the GMFCS level; this analysis was performed sepa-
rately for joints affected by a baseline contracture of the 
hip, knee, or ankle [14]. The p-for-trend was calculated 
using logistic regression to analyze systematic, linear, 
associations of contracture development in these joints 

Table 2 Location of the baseline contracture, prevalence of a second contracture during follow‑up and number of limb‑ years for 
children at GMFCS I‑V

GMFCS Gross Motor Function Classification System

GMFCS level Location of the first contracture Second contracture Limb-years (mean)

Legs N (%) Legs N (%)

Hip Knee Ankle  > 1 joint  > 1 joint

I 41 (19) 83 (39) 78 (37) 10 (5) 53 (25) 2 (4) 899 (4.2)

II 43 (16) 98 (36) 112 (42) 16 (6) 101 (38) 2 (2) 989 (3.7)

III 40 (16) 124 (50) 66 (27) 19 (8) 115 (46) 3 (3) 747 (3.0)

IV 58 (14) 210 (52) 90 (22) 47 (11) 203 (50) 8 (4) 1,212 (3.0)

V 77 (15) 294 (59) 90 (18) 40 (8) 248 (50) 9 (4) 1,256 (2.5)

Total 259 (16) 809 (49) 436 (27) 132 (8) 720 (44) 24 (3) 5,103 (3.1)

Table 3 Results of the chi‑squared and p‑for‑trend analyses of the associations between each baseline contracture and the location 
of a second contracture during follow‑up at each level I to V of the Gross Motor Function Classification System (GMFCS) for legs that 
developed > 1 lower limb contracture. Only legs with one single baseline and one single follow up contracture were included

a chi-squared test
b p-for-trend analysis

First contracture GMFCS level Legs N Second contracture p value

Hip N (%) Knee N (%) Ankle N(%)

Hip joint 0.002a

I 8 – 5 (63) 3 (37)  < 0.001b

II 21 – 10 (48) 11 (52)

III 19 – 12 (63) 7 (37)

IV 28 – 22 (79) 6 (21)

V 45 – 40 (89) 5 (11)

Total 121 – 89 (74) 32 (26)

Knee joint 0.003a

I 15 4 (27) – 11 (73)  < 0.001b

II 32 7 (22) – 25 (78)

III 54 25 (46) – 29 (54)

IV 80 36 (45) – 44 (55)

V 111 65 (59) – 46 (41)

Total 292 137 (47) – 155 (53)

Ankle joint  < 0.001a

I 18 3 (17) 15 (83) – 0.59b

II 30 10 (33) 20 (67) –

III 20 3 (15) 17 (85) –

IV 40 7 (17) 33 (83) –

V 43 9 (21) 34 (79) –

Total 151 32 (21) 119 (79) –
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relative to the GMFCS level. IBM SPSS Statistics (version 
26.0; IBM Corp, Armonk, NY, USA) and R 3.6.1 (R Foun-
dation for Statistical Computing, Vienna, Austria) were 
used in the statistical analyses. Categorical variables were 
described in frequency (n) and percentage (%).

Results
In total 1,071 children with a lower limb contracture 
and at least one examination after their initial contrac-
ture were included at baseline. The analysis was based 
on 1,636 legs followed up for an average of 4.6  years 
(range 0–17 years) after the onset of the first contrac-
ture (Table  1). The distribution of the primary con-
tracture varied between GMFCS levels, and multiple 
contractures were most common at higher GMFCS lev-
els. Within the follow-up period, 916 of the legs (56%) 
did not develop further contractures, while 720 legs 
(44%) developed additional contractures (Table 2).

In total 132 legs had more than one contracture occur-
ring at baseline. These were counted multiple times; 
both contractures occurring simultaneously were treated 
as the first contracture and the potentially following 
contracture(s) were treated as the second (or third) con-
tracture (Fig.  1). Lower limb surgery was performed on 
408 legs (25%) during the follow-up period and were cen-
sored from the analysis at the date of surgery. The num-
ber lost to follow-up was negligible.

The children’s median age for a reported second con-
tracture was 10.8 years. The risk of a second contracture 

increased with older age and higher GMFCS level (Fig. 2). 
The second contracture occurred after an average of 
5 years from the first contracture (Fig. 3).

The time from the first to second contracture varied 
depending on the location of the first contracture. Legs 
with a primary hip or ankle contracture developed a sec-
ond contracture earlier than those with a primary knee 
contracture (Fig. 4).

Legs with more than one baseline contracture were not 
included in the following analyses.

When analyzing legs with one single baseline contrac-
ture and one single follow-up contracture, hip contrac-
ture was the primary contracture in 259 legs (Table  3). 
A second contracture developed during follow-up in 121 
(47%) of these legs, most commonly in the knee (74%) 
and less frequently in the ankle (26%).  These results were 
dependent on the GMFCS level; children at GMFCS level 
II were more likely to develop an ankle contracture after 
the hip contracture, whereas those at GMFCS levels I 
or III–V were more likely to develop a knee contracture 
after the hip contracture.

A knee contracture was the primary contracture in 809 
legs. A second contracture developed in 297 (37%) of 
these legs with an even distribution between hip (47%) 
and ankle (53%). A primary knee contracture was more 
likely to be followed by an ankle contracture for children 
at GMFCS level I-IV whereas a hip contracture was more 
likely to be the second contracture in children at GMFCS 
level V.

An ankle contracture was the first contracture to occur 
in 436 legs, and a second contracture developed in 151 
(35%) of these legs, with more contractures affecting the 
knee joint (79%) and fewer affecting the hip joint (21%). 
Having an ankle contracture at baseline increased the risk 
of developing a knee contracture regardless of GMFCS 
level (Table 3).

Discussion
We found that lower limb contractures appeared in 
specific patterns. A hip or ankle contracture primar-
ily affected the knee joint, whereas a knee contracture 
affected both the hip and the ankle. Multiple contrac-
tures were most common at higher GMFCS levels. Of 
the children, 25% at GMFCS level I and 38% at level II 
developed more than one contracture during the follow-
up compared with 50% of children at GMFCS IV and V. 
This corresponds with previous findings [2] that children 
at GMFCS IV and V are most likely to develop lower limb 
contractures.

The median age for developing a second contracture 
was 10 years. The second contracture was reported after 
a median of 5  years from the first contracture. The key 
problems in children with CP are muscle pathology, 

Fig. 1 Flowchart of the number of legs included in and excluded 
from the analyses
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loss of muscle control, abnormal muscle tone and mus-
cle imbalance and these are associated with secondary 
problems, such as short muscles and contractures during 
childhood and growth. The secondary problems lead to 
tertiary abnormalities because the child must use com-
pensatory strategies. It is important to understand the 
natural history and multifactorial pathology of contrac-
ture development [15, 16].

This study showed that the most common pattern in 
which the contractures appeared was a knee contracture 
at baseline followed by a hip or ankle contracture. The 

location of the second contracture varied with GMFCS 
level, and children at GMFCS level V were more likely 
to develop a hip contracture secondary to the knee con-
tracture. Children with bilateral CP are, in general, more 
affected by deformities of the hip, whereas those with 
unilateral CP have more involvement of the ankle [17]. 
When Pettersson et  al. [10] created a risk score for the 
development of scoliosis before 16  years of age in chil-
dren with CP, limited knee extension was identified as 
an independent predictor. In supine lying, limited knee 
extension may force the hips into flexion and gravity is 
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likely to tilt the legs to one side, causing the windswept 
position [18]. That may be one reason why a knee con-
tracture increases the risk of a hip contracture. Children 
at GMFCS level IV or V are mostly nonambulatory and 
spend more time sitting with flexed knees and hips. This 
could also contribute to the sequence in which the con-
tracture presents. Children at higher GMFCS levels have 
a high prevalence of postural asymmetries in sitting and 
lying, and they have difficulties to change position [19]. A 
knee contracture also increases the risk of an ankle con-
tracture, possibly because of the gastrocnemius muscle, 
which is involved in both knee flexion and plantar flexion.

For ambulatory children with bilateral CP, a knee con-
tracture may force them to walk in apparent equinus 
because of the lever arm dysfunction, which could lead to 
an ankle contracture. It is important to recognize appar-
ent equinus when children walk on their toes because of 
the flexion contracture of the knee and not because of 
an ankle contracture [20]. For children with unilateral 
CP, a knee contracture can cause a limb-length discrep-
ancy that makes them use toe walking as a compensatory 
strategy [21].

We found that children who developed multiple con-
tractures and had an ankle contracture at baseline, were 
most likely to develop a knee contracture during the 
follow-up independent of their GMFCS level. In Swe-
den, children with limited dorsiflexion are usually treated 
with ankle–foot orthoses [22]. Most of these children use 
their orthoses during sleep. By preventing plantar flex-
ion of the foot, a short gastrocnemius may force the knee 
joint into flexion and the child to sleep with flexed knees, 

which could cause a knee contracture over time [16]. This 
may lead to a vicious cycle with more time in sitting and 
less time in standing.

Limited dorsiflexion and equinus in children with uni-
lateral CP may also compensate for the leg-length dis-
crepancy by causing them to walk with a flexed knee on 
the longer leg [21]. In Sweden, botulinum toxin A injec-
tions are a common treatment for reduced ROM caused 
by increased muscle tone in the plantar flexors [23]. 
Together with isolated lengthening of the Achilles ten-
don, excessive injection of botulinum toxin A into the 
calf muscles can cause crouch gait, which is likely to per-
sist and deteriorate over time with increased knee flexion 
[20].

There are several limitations to our study. Even though 
all subtypes were included, only spastic unilateral CP was 
identified to select the affected leg. The examinations 
started in 1994, prior to the introduction of the GMFCS. 
Therefore, we used the GMFCS level from the most 
recent report. However, the GMFCS levels show stability 
over time [24]. The contractures were recorded by gonio-
metric measurement, which is a standard measurement 
in clinical settings but whose reliability varies according 
to the joint and position [25–27]. The results of our study 
were based on repeated measurements by many differ-
ent examiners, and this may have introduced information 
bias or measurement errors that could influence the sur-
vival analysis. However, this bias has been shown to be 
small when differences between groups are small in terms 
of hazard ratios [14]. We validated the data for incongru-
ent measurements to reduce the risk of extreme outliers 
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Fig. 4 Time to the development of a second contracture based on the location of the first contracture for children at GMFCS I to V
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caused by errors, e.g. clear reporting errors such as ROM 
of 360 degrees. The examiners involved in the CPUP are 
encouraged to practice the standardized measurements 
in the program, which has been shown to be important 
for reliability [28].

Another limitation was the cutoff value of a contrac-
ture because –10° in the hip, knee, and ankle joint can 
also affect the order in which a contracture appears. Full 
passive range of motion allows more extension of the 
hip and ankle joints compared with the knee joint. How-
ever, we could not find any literature supporting a cutoff 
exceeding 0° in any of the joints being considered a con-
tracture. The statistical analyses were also run with a cut-
off value of 0° and produced similar outcomes. There are 
few reference values for passive ROM in children with CP 
and no standard definition of what ROM is considered a 
contracture [29, 30]. Reference values for typically devel-
oping children are not representative when describing 
ROM in children with CP, who have reduced knee and 
ankle extension compared with hip extension [29]. We 
chose –10° as the cutoff for all joints since these values 
are often applied in clinical practice as severely affecting 
biomechanical alignment, gait, function and positioning. 
Hip extension less than 0° affects mobility and function in 
ambulatory children with CP, and a hip flexion contrac-
ture of -15° significantly decreases the physical function-
ing [31]. A knee flexion contracture of -10° increase the 
risk for crouch gait, and -10° of plantarflexion is the mini-
mum required to significantly change kinematics and 
kinetics[30, 32, 33].

A further limitation of this study was the age of the 
children censored because of surgery. In the CPUP fol-
low-up program, children at risk for hip displacement 
(migration percentage > 40) have their first soft tis-
sue surgery of the hip early at a median age of 4 years. 
We wanted to follow the natural history of contracture 
development as much as possible, and it is likely that 
surgery of a joint affects the ROM both in the specific 
joint and the adjacent joints. Therefore, we censored legs 
at the date of surgery. This may have affected the results, 
especially for children at GMFCS level IV or V, who are 
more likely to have a surgery at a younger age. It is also 
possible that this decision led to underestimation of the 
influence of hip contracture on other joints. This may 
also partially explain why a hip flexion contracture was 
the least common contracture in our study. However, 
loss of hip extension seems less common than loss of 
knee extension and ankle dorsiflexion in children with 
CP at GMFCS I-II [29].

Children who received botulinum toxin treatment 
were not excluded from analyses and it could be argued 
that this interfered with our results since this treatment 

is more common in muscles affecting the knee and 
ankle than muscles affecting the hip. However, given the 
large number of children having this treatment[23] and 
the fact that the effect is not permanent, these children 
were included. Most children followed in CPUP receives 
ongoing interventions such as physiotherapy and treat-
ment with orthoses. This should be taken under consid-
eration when translating the results to other groups. This 
study covers a period of 24 years and interventions have 
changed during this time from more hands-on therapy to 
focus on participation and activities in daily life.

Contracture development starts early during the rapid 
growth in childhood and the risk of fixed contractures 
increases with age [2]. To prevent decompensation due 
to fixed deformities, clinicians should treat contractures 
as early as possible [34]. By monitoring children with CP, 
and treating contractures when they appear, with e.g. 
physiotherapy and orthoses, it may be possible to avoid 
the need for major surgery [7]. In the clinical setting, it is 
important to recognize how the sequence of contractures 
is likely to occur and to initiate prophylactic treatment of 
adjacent joints e.g. consider the knee joint when intro-
ducing Ankle–Foot Orthoses. For the orthopedic sur-
geon, knee contracture might indicate the need for closer 
monitoring of the hip to avoid dislocation [35].

Conclusions
Development of a second contracture is a common 
problem in children with CP and associated with higher 
GMFCS level. The time and sequence of secondary con-
tracture development in the lower limbs are influenced 
by the location of the first contracture and GMFCS level. 
The second contracture primarily develops in the adja-
cent joint.

Lower limb contracture tends to appear in specific pat-
terns, in which the location of the primary contracture 
affects the later development of secondary contracture 
in the adjacent joints. This should be considered when 
treatment strategies to prevent contractures are being 
formed.

Abbreviations
CP: Cerebral Palsy; CPUP: Cerebral Palsy Follow‑up Program (Sweden); GMFCS: 
Gross Motor Function Classification System; ROM: Range of Motion.

Acknowledgements
The authors thank the children and their families who participate in the CPUP.

Authors’ contributions
EC designed the study, collected and analyzed the data and drafted the man‑
uscript. AL designed the study, analyzed the data and improved and revised 
the manuscript. HLP designed the study, improved and revised the manu‑
script. ERB designed the study, collected and analyzed the data, improved and 
revised the manuscript. All authors approved the final draft.



Page 8 of 9Cloodt et al. BMC Musculoskeletal Disorders          (2022) 23:629 

Authors’ information
EC is a Physiotherapist and PhD student at Lund University, Sweden. AL is a 
Statistician and Assistant professor in mathematics at Lund university. HLP is 
a Paediatric orthopaedic surgeon and Associate professor at the Department 
of Clinical Sciences, Orthopaedics Lund University and ERB is a Physiotherapist 
and Associate professor at the Department of Clinical Sciences, Orthopaedics 
Lund University and at the Centre for Clinical Research, Uppsala University, 
Västerås.

Funding
Open access funding provided by Lund University. The study was funded 
by Stiftelsen för bistånd åt rörelsehindrade i Skåne, Promobilia, The Swedish 
Research Council for Health, Working Life and Welfare (Forte, Grant Number: 
2018–01468) and Region Kronoberg. The funding sources had no role in 
decision‑making or influence on the content of the report.

Availability of data and materials
The dataset analyzed for this study are available in the CPUP registry. Permis‑
sion to access data after ethical approval is granted by KVB Region Skåne. 
Requests to access the dataset should be directed to https:// vardg ivare. skane. 
se/ kompe tens‑ utvec kling/ forsk ning‑ inom‑ region‑ skane/ utlam nande‑ av‑ patie 
ntdata‑ samra dkvb/.

Declarations

Ethics approval and consent to participate
The study was approved by the Medical Research Ethics Committee in Lund, 
Sweden (383/2007, 443–99), and permission was obtained to extract data 
from the CPUP registry.

Consent for publication
Consent to use data for research was provided by all families participating in 
the registry.

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

Author details
1 Department of Clinical Sciences Lund, Orthopaedics, Lund University, Lund, 
Sweden. 2 Department of Research and Development, Region Kronoberg, 
Växjö, Sweden. 3 Centre for Mathematical Sciences, Lund University, Lund, 
Sweden. 4 Centre for Clinical Research Västerås, Uppsala University‑Region 
Västmanland, Västerås, Sweden. 

Received: 20 October 2021   Accepted: 14 June 2022

References
 1. Chan G, Miller F. Assessment and treatment of children with cerebral 

palsy. Orthop Clin North Am. 2014;45(3):313–25.
 2. Nordmark E, Hagglund G, Lauge‑Pedersen H, Wagner P, Westbom L. 

Development of lower limb range of motion from early childhood to 
adolescence in cerebral palsy: a population‑based study. BMC Med. 
2009;7:65.

 3. Barrett RS, Lichtwark GA. Gross muscle morphology and structure 
in spastic cerebral palsy: a systematic review. Dev Med Child Neurol. 
2010;52(9):794–804.

 4. 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(4):391–6.

 5. Casey J, Agustsson A, Rosenblad A, Rodby‑Bousquet E. Relationship 
between scoliosis, windswept hips and contractures with pain and asym‑
metries in sitting and supine in 2450 children with cerebral palsy. Disabil 
Rehabil. 2021;6:1–6.

 6. Keenan WN, Rodda J, Wolfe R, Roberts S, Borton DC, Graham HK. The 
static examination of children and young adults with cerebral palsy 
in the gait analysis laboratory: technique and observer agreement. J 
Pediatr Orthop B. 2004;13(1):1–8.

 7. 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):269–73.

 8. Holmes SJ, Mudge AJ, Wojciechowski EA, Axt MW, Burns J. Impact 
of multilevel joint contractures of the hips, knees and ankles on the 
Gait Profile score in children with cerebral palsy. Clin Biomech (Bristol, 
Avon). 2018;59:8–14.

 9. Agustsson A, Sveinsson T, Rodby‑Bousquet E. The effect of asymmetri‑
cal limited hip flexion on seating posture, scoliosis and windswept hip 
distortion. Res Dev Disabil. 2017;71:18–23.

 10. Pettersson K, Wagner P, Rodby‑Bousquet E. Development of a risk score 
for scoliosis in children with cerebral palsy. Acta Orthop. 2020;91(2):1–6.

 11. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B. Devel‑
opment and reliability of a system to classify gross motor function in 
children with cerebral palsy. Dev Med Child Neurol. 1997;39(4):214–23.

 12. Cloodt E, Wagner P, Lauge‑Pedersen H, Rodby‑Bousquet E. Knee and 
foot contracture occur earliest in children with cerebral palsy: a longi‑
tudinal analysis of 2,693 children. Acta Orthop. 2020;92(2):1–9.

 13. 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):744–50.

 14. Oh EJ, Shepherd BE, Lumley T, Shaw PA. Considerations for analysis of 
time‑to‑event outcomes measured with error: Bias and correction with 
SIMEX. Stat Med. 2018;37(8):1276–89.

 15. Novacheck TF, Gage JR. Orthopedic management of spasticity in 
cerebral palsy. Childs Nerv Syst. 2007;23(9):1015–31.

 16. Miller F. Ankle Equinus in Cerebral Palsy. Cham: Springer; 2020.
 17. Young JL, Rodda J, Selber P, Rutz E, Graham HK. Management of the 

knee in spastic diplegia: what is the dose? Orthop Clin North Am. 
2010;41(4):561–77.

 18. Agustsson A, Sveinsson T, Pope P, Rodby‑Bousquet E. Preferred posture 
in lying and its association with scoliosis and windswept hips in adults 
with cerebral palsy. Disabil Rehabil. 2018;41(26):1–5.

 19. Casey J, Rosenblad A, Rodby‑Bousquet E. Postural asymmetries, pain, 
and ability to change position of children with cerebral palsy in sitting 
and supine: a cross‑sectional study. Disabil Rehabil. 2020;44(11):1–9.

 20. Bache CE, Selber P, Graham HK. (ii) The management of spastic diple‑
gia. Curr Orthop. 2003;17(2):88–104.

 21. Eek MN, Zugner R, Stefansdottir I, Tranberg R. Kinematic gait pattern in 
children with cerebral palsy and leg length discrepancy: Effects of an 
extra sole. Gait Posture. 2017;55:150–6.

 22. Wingstrand M, Hagglund G, Rodby‑Bousquet E. Ankle‑foot orthoses in 
children with cerebral palsy: a cross sectional population based study 
of 2200 children. BMC Musculoskelet Disord. 2014;15:327.

 23. Franzen M, Hagglund G, Alriksson‑Schmidt A. Treatment with Botu‑
linum toxin A in a total population of children with cerebral palsy 
‑ a retrospective cohort registry study. BMC Musculoskelet Disord. 
2017;18(1):520.

 24. Nylen E, Grooten WJA. The Stability of the Gross Motor Function Clas‑
sification System in Children with Cerebral Palsy Living in Stockholm 
and Factors Associated with Change. Phys Occup Ther Pediatr. 
2021;41(2):138–49.

 25. Hancock GE, Hepworth T, Wembridge K. Accuracy and reliability of 
knee goniometry methods. J Exp Orthop. 2018;5(1):46.

 26. Kim DH, An DH, Yoo WG. Validity and reliability of ankle dorsiflexion 
measures in children with cerebral palsy. J Back Musculoskelet Rehabil. 
2018;31(3):465–8.

 27. Kilgour G, McNair P, Stott NS. Intrarater reliability of lower limb sagittal 
range‑of‑motion measures in children with spastic diplegia. Dev Med 
Child Neurol. 2003;45(6):391–9.

 28. Fosang AL, Galea MP, McCoy AT, Reddihough DS, Story I. Measures 
of muscle and joint performance in the lower limb of children with 
cerebral palsy. Dev Med Child Neurol. 2003;45(10):664–70.

 29. Kilgour GM, McNair PJ, Stott NS. Range of motion in children with spas‑
tic diplegia, GMFCS I‑II compared to age and gender matched controls. 
Phys Occup Ther Pediatr. 2005;25(3):61–79.

 30. Attias M, Chevalley O, Bonnefoy‑Mazure A, De Coulon G, Cheze L, 
Armand S. Effects of contracture on gait kinematics: A systematic review. 
Clin Biomech (Bristol, Avon). 2016;33:103–10.

https://vardgivare.skane.se/kompetens-utveckling/forskning-inom-region-skane/utlamnande-av-patientdata-samradkvb/
https://vardgivare.skane.se/kompetens-utveckling/forskning-inom-region-skane/utlamnande-av-patientdata-samradkvb/
https://vardgivare.skane.se/kompetens-utveckling/forskning-inom-region-skane/utlamnande-av-patientdata-samradkvb/


Page 9 of 9Cloodt et al. BMC Musculoskeletal Disorders          (2022) 23:629  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 31. Pinero JR, Goldstein RY, Culver S, Kuhns CA, Feldman DS, Otsuka NY. Hip 
flexion contracture and diminished functional outcomes in cerebral 
palsy. J Pediatr Orthop. 2012;32(6):600–4.

 32. Houx L, Lempereur M, Remy‑Neris O, Brochard S. Threshold of equinus 
which alters biomechanical gait parameters in children. Gait Posture. 
2013;38(4):582–9.

 33. Leung J, Smith R, Harvey LA, Moseley AM, Chapparo J. The impact of 
simulated ankle plantarflexion contracture on the knee joint during 
stance phase of gait: a within‑subject study. Clin Biomech (Bristol, Avon). 
2014;29(4):423–8.

 34. Graham HK, Selber P. Musculoskeletal aspects of cerebral palsy. J Bone 
Joint Surg. 2003;85‑B(2):157–66.

 35. Hagglund G, Alriksson‑Schmidt A, Lauge‑Pedersen H, Rodby‑Bousquet 
E, Wagner P, Westbom L. Prevention of dislocation of the hip in children 
with cerebral palsy: 20‑year results of a population‑based prevention 
programme. Bone Joint J. 2014;96‑B(11):1546–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Sequence of flexion contracture development in the lower limb: a longitudinal analysis of 1,071 children with cerebral palsy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


