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Introduction

The cerebral palsy follow-up program (CPUP) is a 
Swedish population-based national quality registry and 
follow-up program implemented nationwide for individ-
uals of all ages with cerebral palsy (CP). It started in 
1994 in the southern part of Sweden but currently 
involves approximately 95% of all children and young 
people in Sweden born in 2000 or later with CP.1 The 
goal of CPUP was originally to prevent hip dislocations2 
but over the years, the program has expanded in both size 
and scope and now seeks to prevent secondary conditions 
more generally. The program was adopted by one region 
in Norway in 2006 and included children born during the 
period 2002–2005. In 2010, the Norwegian CPOP 
expanded to include all children born in 2006 and later, 

covering more than 90% of all children and young people 
with CP.3 Scotland adopted the CP surveillance program 
(Cerebral Palsy Integrated Pathway Scotland; CPIPS) in 
2012 enrolling children and adolescents born in 2002 and 
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Abstract
Purpose: The aim was to study the prevalence of hip displacements, dislocations, and the hip surgeries performed in a 
Finnish cohort of children with cerebral palsy not followed up in a hip surveillance program and to compare these with 
previous studies performed in Northern European countries before and after the implementation of hip surveillance 
programs.
Methods: A cross-sectional study. A cohort including 480 children with cerebral palsy, born during the period 2000–
2018, not enrolled in a hip surveillance program. Migration percentages were recorded from hip radiographs, age at 
first hip surgery and type of surgery was extracted from medical records. In a separate analysis, the inclusion criteria 
were adapted to fit two studies analyzing hip dislocation and hip surgery in Sweden, Norway, and Scotland before and 
after the implementation of a hip surveillance program. Chi-square tests were used to assess differences in proportions 
between the groups.
Results: In total, 286 children (60%) have had at least one hip radiograph. Of these, 10 (3.5%) developed hip dislocation, 
which is more than in children of countries with hip surveillance programs (Sweden 0.7%, Scotland 1.3%, p < 0.001). 
Initial surgery to prevent hip dislocation was performed at an older age (p < 0.001).
Conclusion: Children with cerebral palsy in Finland not participating in a surveillance hip program were more likely 
to undergo hip surgery at an older age and to develop hip displacements and dislocations. The results support the 
effectiveness of surveillance programs to prevent hip dislocation in children with cerebral palsy.
Level of evidence: III
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later, covering more than 95% of all children and adolescents 
with CP.4 Denmark and Iceland adopted CPUP in 2010 and 
2012, respectively, making Finland the only Nordic country 
that does not have a hip surveillance program.

Children enrolled in the CPUP program undergo regu-
lar assessments with hip radiograph examinations.5 The 
frequency of assessment varies depending on the child’s 
age and Gross Motor Function Classification System 
(GMFCS) level.6 Hip radiographs are conducted once a 
year for children aged 2–8 years in GMFCS levels III–V, 
whereas children in GMFCS level II undergo radiograph at 
age 2 and 6 years. Children in GMFCS I are not examined 
radiographically provided they have a normal, pain-free 
range of hip motion.5 Ten years after the initiation of the 
Swedish CPUP surveillance program, the incidence of hip 
dislocations had been reduced from 9.0% to 0.4%.7 The 
results from the 20-year follow-up showed that the number 
of hip dislocations had remained stable at 0.3%.1 In 
Finland, all children with CP aged 0–16 years receive mul-
tidisciplinary examinations (health and motor function) 
and intervention planning in hospital clinics or special care 
units every 1–2 years. However, hip radiographs are per-
formed following the onset of symptoms (i.e. reactively), 
such as pain or reduced range of hip motion. The follow-
ups are non-systematic and how monitoring is handled dif-
fers throughout the country,8 potentially resulting in health 
disparities. Hip displacement or dislocations in children 
with CP often cause severe pain and everyday problems 
like difficulties in sitting, standing, reduced mobility, and 
are associated with reduced quality of life.9

The aims of this study were to report (1) the prevalence 
of hip displacements and dislocations, (2) the mean age 
when the first radiographic hip examination and first hip 
surgery were performed, and (3) the number and type of 
hip surgeries performed in a cohort in Finland. In addition, 
we compared the results to those of earlier studies on hip 
dislocations and types of hip surgeries performed in 
Sweden, Norway, and Scotland. It was hypothesized that 
the number of hip dislocations would be statistically sig-
nificantly higher in the Finnish cohort than in countries 
with surveillance programs and that the children in Finland 
would have undergone surgeries at a later, more advanced, 
stage and, therefore, would have undergone more compli-
cated surgeries.

Methods

Design, study population, and procedure

This cross-sectional study included data from Helsinki 
University New Children’s Hospital (HUH). Those eligi-
ble for inclusion in the study were children with CP, born 
from 1 January 2000 to 31 December 2018, treated at 
HUH during the years 2002–2018 and examined at the 
hospital in 2017–2018. In Finland, all children with CP, 

with the exception of children with severe intellectual dis-
abilities, attend neuropediatric outpatient clinics at a cen-
tral or university hospital once or twice per year. The visits 
include health and motor function assessments, rehabilita-
tion planning, and consultations regarding the potential 
need for spasticity treatment and surgery. The children are 
examined by a pediatric neurologist, a physical therapist, 
an occupational therapist, and, if needed, other profession-
als. The hips are evaluated as part of the pediatric neurolo-
gists’ and physical therapists’ examinations. In the event of 
an incipient hip dislocation, a pediatric orthopedist is con-
sulted.10 Children with severe intellectual disabilities are 
cared for at special health care units in the municipalities 
and are not generally patients at HUH. However, if chil-
dren with severe intellectual disabilities experience hip or 
other musculoskeletal-related problems, need surgery or 
other medical treatment, for example, for epilepsy, they 
are referred to HUH and are thus included in this study 
cohort.

HUH serves 22 municipalities with a total population of 
1,686,669 inhabitants, which corresponds to 31% of the 
total Finnish population. Of these, 327,039 individuals are 
younger than 18 years old. Given that Finland does not 
have a CP registry, and the follow-ups are performed 
across several organizations (university hospitals and spe-
cial health care units), the total number of children with CP 
in the catchment area is unknown. However, there is no 
reason to assume that the incidence of CP and the GMFCS 
distribution in Finland differ from those of other western 
developed nations.11,12 Using a conservative estimate of 
two children with CP per 1000 live births, a minimum of 
654 children with CP are assumed to reside in the catch-
ment area.

The main outcome variables were hip displacement and 
hip dislocation. For the purposes of this study, a migration 
percentage (MP) of 40%–99% was defined as displaced 
and MP 100% as dislocated hips.13,14 Hip surgery was clas-
sified into four categories: (1) adductor–iliopsoas length-
ening (APL), (2) varus derotation osteotomy of the 
proximal femur (VDRO), (3) VDRO in combination with 
pelvic osteotomy (PO), and (4) salvage procedure. All hip 
surgeries conducted during the period 2002–2020 in the 
cohort were analyzed.

The medical records of the study participants were 
reviewed and the dates of the first and the most recent antero-
posterior pelvic hip radiographs, laterality, and the total num-
ber of radiographs per participant were extracted. Additional 
information, such as mean age at follow-up, sex, and GMFCS 
level6 was collected. The MPs of the first and the most recent 
hip radiographs were measured and recorded by the last 
author who is an orthopedic surgeon. Hip surgeries were 
recorded and classified into the four categories (APL, 
VDRO, PO, and salvage).

We compared the prevalence of hip displacement/dislo-
cation and the type of and age at hip surgery of the 
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participants not followed up in a hip surveillance program 
to those of children in other countries who are followed in 
a hip surveillance program. This was done by analyzing 
those members of this study cohort who met the inclusion 
criteria in two previously published studies.15,16 The 2011 
study by Elkamil et al.15 compared a Norwegian cohort of 
children with CP not enrolled in a surveillance program to 
the children in a comparable Swedish cohort in the CPUP. 
This study included children 7–15 years of age in GMFCS 
levels III–V. Data on hip displacements/dislocation, hip 
surgeries, and radiographic examinations were collected 
from medical records in Norway and from the CPUP reg-
ister in Sweden. The MPs of the most recent or preopera-
tive anteroposterior pelvic radiographs were measured. 
The study by Wordie et  al.,16 included all children 2–16 
years of age in GMFCS levels I–V in Scotland who had a 
hip radiograph within 5 years of the inception of the 
Scottish hip surveillance program CPIPS (hereinafter 
called the Scotland CPIPS cohort). The MPs from the most 
recent radiographs were included in the data analysis. 
Surgical data on children who had undergone hip surgery 
after the inception of the CPIPS were analyzed. In the 
Scottish study, additional data from children at their first 
registration in the CPIPS were included for comparison 
with Scottish children who had a radiograph of the hip 
within 5 years of the inception of CPIPS (hereafter called 
Scotland “presurveillance”).

Data analysis

Descriptive statistics were summarized as means and stan-
dard deviations (SD) for continuous variables, and cate-
gorical variables were presented as absolute numbers and 
percentages. N-1 Chi-square tests17 were used to assess 
differences in proportions between the different variables 
(reported in percentages) in the studies by Elkamil et al.15 
and Wordie et al.16 and the Finnish cohort. Difference in 
mean age at first surgery was calculated by independent 
t-test. A p-value of 0.05 was defined as statistically signifi-
cant. SPSS Statistics for Windows, Version 27.0 (Armonk, 
NY: IBM Corp) and MedCalc (www.medcalc.org) were 
used for statistical analysis. Ethical approval for the study 
was obtained from the Helsinki University Ethics 
Committee (US/3640/2017).

Results

In total, 480 children with CP were examined at HUH dur-
ing the years 2017–2018. Of these, 286 (60%) have had at 
least one hip radiograph. The dates of the first and the most 
recent radiographic examinations for the timeframe 2003–
2020 were recorded for these 286 children. Characteristics 
of the children with radiographic examinations and the 
total cohort are presented in Table 1. Mean age at first 
radiographic examination was 4.1 years (SD = 3.3, range 

0–16 years). At the time of the first radiographic examina-
tion, 32 (11%) children had hip displacement (8 bilateral) 
and 6 (2%) had hip dislocations (4 bilateral; Table 2). At 
the most recent examinations, an additional 11 children 
(4%) had developed displacements (2 bilateral) and 4 (1%) 
dislocations (1 bilateral). In total, 43 (15%) children had 
displacements (11 bilateral) and 10 (3.5%) dislocations (4 
bilateral).

Fifty (17%) children had undergone hip surgery during 
the period 2002–2020, on whom 15 operations were per-
formed bilaterally (Table 2). Thirteen (5%) children under-
went a second hip surgery and four children (1%) a third 
surgery during follow-up; three POs and one total joint 
arthroplasty. Mean age at first surgery was 9.3 years 
(SD = 3.8, range 2–17 years). Most operations were per-
formed on children in GMFCS levels IV and V.

In comparison with the cohort from Norway (without 
hip surveillance) and Sweden (with hip surveillance)15 
(Table 3), the number of hip dislocations was lower in 
Finland (6.4%) than Norway (15%, p = 0.06) but higher 
than the Swedish cohort with the hip surveillance program 
(0.7%, p < 0.01). Mean age at first surgery was higher in 
Finland (9.2 years) than in both Norway (7.6 years, 
p < 0.001) and Sweden (5.7 years, p < 0.001). The propor-
tion of children having undergone hip surgery was similar 
to that in Norway (44%–46%, p = 0.78), but higher than 
that in Sweden (31.6%, p = 0.04). More POs were per-
formed in Finland (33%) than in Norway (8.4%, p < 0.001) 
and Sweden (4.4%, p < 0.001).

In comparison with the Scottish “pre-surveillance” and 
Scottish surveillance CPIPS cohorts16 (Table 4), the mean 
age of the children in Scotland was 1.5 years lower at fol-
low-up than that of the Finnish children (n = 253; 
p < 0.001). The proportion of children with hip displace-
ment in Finland (8.3%) was lower than in the Scottish 
“pre-surveillance” cohort (10%, p = 0.41), but higher than 
in the Scottish CPIPS cohort (4.5%, p = 0.009). The pro-
portion with hip dislocation was higher in Finland (2.8%) 
than in the Scottish “pre-surveillance” cohort (2.5%, 
p = 0.78) and the Scottish surveillance cohort (1.3%, 
p < 0.06). Mean age at first surgery was 1.1 years lower in 
Scotland (p < 0.001). Fewer APLs (0.5%, p < 0.001) and 
POs (3.2%, p < 0.001) were performed in Scotland than in 
Finland (4.0% and 12.6%, respectively). The total number 
of hip operations was lower in Scotland (8.4%, p < 0.001). 
However, the data from Scotland only represent the sur-
geries performed during the 5 years during which a hip 
surveillance program has been in place.

Discussion

The prevalence of hip displacement (15%) and hip disloca-
tion (3.5%) in the Finnish cohort was lower than what 
would be expected without treatment. In previous research 
reports, hip displacements have ranged from 25% to 60% 
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and hip dislocations from 10% to 15% when not treated.7,20 
The prevalence of hip dislocation in Finland was not statis-
tically significantly different from that in Norway and 
Scotland prior to their implementation of hip surveillance. 
However, children with CP in Finland did have statisti-
cally significantly more hip dislocations than children with 
CP at comparable ages and GMFCS levels in Sweden and 
post-implementation of hip surveillance in Scotland. 
Children in Finland were statistically significantly older 
when undergoing their first surgery to prevent hip disloca-
tion than children in Sweden and Scotland (post-imple-
mentation). Furthermore, a higher proportion of children 
was treated with reconstructive surgery (VDRO in combi-
nation with PO), which implies that more hip deformities 
had developed. Compared to Sweden and Scotland, which 
do have hip surveillance programs, more hip surgeries 
overall were performed in Finland. These findings are con-
sistent with our hypothesis. However, comparing earlier 
studies from different countries with differences in health-
care systems and practices, other than surveillance pro-
grams, may explain some of the differences observed.

In this study, mean age at first hip radiograph was 
4.1 years in the Finnish cohort, which corresponds to the 
results from an earlier Finnish study scrutinizing the radio-
graphic routines for children with CP at three university 
hospitals.8 These authors found considerably great inter-
regional variation and that HUH was the only hospital with 
written instructions on radiographic follow-ups. Still, one-
third of the children in that study had their first radiograph 

at age 3 years or later. Part of the prevention in a hip sur-
veillance program is based on standardized routines and 
systematic preventive examinations.7 For children enrolled 
in a surveillance program, regular radiographic examina-
tions already start at 2 years of age, and are conducted 
yearly for children in GMFCS III–V up to the age of 8 
years.5 Hip displacement > 40% can already be observed 
in children as young as 1 year of age and the median age 
for displacement with MP > 40% is 4 years.18

The mean age at first surgery to prevent hip dislocation 
was higher in the Finnish cohort than in the countries with 
surveillance programs, which is in line with our hypothe-
sis. This is likely due to later detection of hip displace-
ments. The first surgery in the Finnish cohort occurred at a 
mean age of 9.3 years, at which age soft tissue release is 
generally considered insufficient to achieve containment 
of the hip joint. In the study by Elkamil et al.,15 mean age 
at first surgery for the Swedish cohort was 5.7 years, and in 
a more recent study from Sweden mean age at first surgery 
with APL was 4.9 years and for VDRO 5.6 years.19 This 
indicates that surveillance programs are associated with 
earlier identification of displacement leading to earlier 
intervention.

It is likely that later detection of hip displacement and 
dislocation leads to more severe hip deformity, requiring 
reconstructive surgery, which is more invasive. More 
advanced reconstructions may have implications in terms 
of higher costs due to more complicated surgeries, longer 
in-hospital stays and post-surgery rehabilitation, although 

Table 1.  Characteristics of the Finnish study cohort (n = 480).

Total cohort Children with hip 
radiographs

Children without 
hip radiographs

p-value

Total, n, (%) 480 286 (60) 194 (40)  
Age at follow-upa, mean (SD) 9.1 (4.8) 9.6 (4.7) 9.4 (4.6) 0.64
Sex, n (%)
  Boys 272 (57.0) 168 (59.0) 104 (54.0) 0.28
  Girls 208 (43.0) 118 (41.0) 90 (46.0) 0.28
GMFCSb level, n (%)
  I 205 (43.0) 83 (29.0) 122 (63.0) <0.001
  II 103 (21.0) 66 (23.0) 37 (19.0) 0.29
  III 45 (9.0) 37 (13.0) 8 (4.1) 0.001
  IV 57 (12.0) 50 (17.5) 7 (3.6) <0.001
  V 63 (13.0) 50 (17.5) 13 (6.7) 0.001
Not classified 7 (2.0) 0 (0) 7 (3.6) 0.001
Cerebral palsy subtype, n (%)
  Spastic unilateral 226 (47.0) 91 (32.0) 135 (69.5) <0.001
  Spastic bilateral 129 (27.0) 110 (39.0) 19 (9.8) <0.001
  Ataxic 3 (1.0) 3 (1.0) 0 (0.0) 0.16
  Dyskinetic 51 (10.0) 41 (14.0) 10 (5.2) 0.002
Not definedc 71 (15.0) 41 (14.0) 30 (15.5) 0.65

GMFCS: Gross Motor Function Classification System.
aFollow-up at Helsinki University New Children’s Hospital (HUH) 2017–2018.
bGross Motor Function Classification System.
cICD-10 codes G80.8 and G89.9.
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Table 3.  Number of radiographs and surgeries in the Finnish cohort and the Norwegian and Swedish data in the study by Elkamil 
et al.18

Characteristics Finland,
n = 78

Norway,
n = 119

p-value Sweden,
n = 136

p-value

Year of birth 2003–2011 1996–2003 1996–2003  
Follow-up yeara 2018 2011 2011  
Mean age at follow-up, years, (range) 11.2 (7–15) N/A (7–15) N/A (7–15)  
Sex, n (%)
  Boys 54 (69.2) 73 (61.3) 0.25 74 (54.4) 0.03
  Girls 24 (30.8) 46 (38.7) 0.25 62 (45.6) 0.03
GMFCS, n (%)
  III 15 (19.2) 28 (23.5) 0.40 36 (26.5) 0.22
  IV 32 (41.0) 54 (45.4) 0.58 55 (40.4) 0.93
  V 31 (39.8) 37 (31.1) 0.19 45 (33.1) 0.32
Mean number of radiographs/patient 7.0 5.0 (n = 28)b 9.0  
Hip dislocation, n (%)c 5 (6.4) 18 (15.1) 0.06 1 (0.7) 0.01
Mean age at first surgery, years (SD) 9.2 (3.8) 7.6 (2.9) 0.001 5.7 (2.3) <0.001
Type of surgery, n (%)d

  Soft tissue release 9 (11.5) 28 (23.5) 0.04 16 (11.8) 1.0
  VDRO 0 (0.0) 11 (9.2) 0.01 21 (15.4) <0.001
  Pelvic osteotomy 26 (33.3) 10 (8.4) <0.001 6 (4.4) <0.001
  Salvage procedure 1 (1.3) 4 (3.4) 0.36 0 (0.0) 0.18
Total number of participants having undergone surgery 36 (46.2) 53 (44.5) 0.78 43 (31.6) 0.04

N/A: not applicable; GMFCS: Gross Motor Function Classification System; VDRO: varus derotational osteotomy proximal femur.
aFollow-up at Helsinki University New Children’s Hospital (HUH) 2017–2018, in Norway and Sweden 2010.
bRadiographs from two Norwegian counties, covered 28 of the children in the cohort.
cFrom the most recent exam.
dFirst surgery.

Table 4.  Number of radiographs and surgeries in the Finnish cohort and the Scottish data in the study by Wordie et al.19

Characteristics Finland
(n = 253)

Scotland pre-
surveillance
(n = 1171)

p-value Scotland post- 
surveillance
(n = 1646)

p-value

Year of birth 2002–2016 N/A N/A  
Follow-up yeara 2018 2013 2019  
Mean age at follow-up, years, (range) 9.4 (2–16) 7.9 (2–16) <0.001 7.2 (2–16) <0.001
Sex, n (%)
  Boys 151 (59.7) N/A N/A  
  Girls 102 (40.3) N/A N/A  
GMFCS, n (%)
  I 70 (27.7) 276 (23.6) 0.11 435 (26.4) 0.56
  II 61 (24.1) 183 (15.6) 0.002 259 (15.8) 0.001
  III 30 (11.8) 171 (14.6) 0.35 209 (12.7) 0.62
  IV 47 (18.6) 202 (17.2) 0.54 277 (16.8) 0.53
  V 45 (17.8) 336 (28.7) <0.001 466 (28.3) <0.001
Unclassified 0 (0) 3 (0.3) 0.38 0 (0.0)  
Hip displacement, n (%)b 21 (8.3) 117 (10.0) 0.41 74 (4.5) 0.009
Hip dislocation, n (%)b 7 (2.8) 29 (2.5) 0.78 21 (1.3) 0.06
Mean age at first surgery in years (SD, range) 8.7 (3.8, 2–15) N/A 7.6 (N/A, 2–16) <0.001
Type of surgery, n (%)c

  Soft tissue release 10 (4.0) N/A 8 (0.5) <0.001
  VDRO 3 (1.2) N/A 77(4.7) 0.01
  Pelvic osteotomy 32 (12.6) N/A 53 (3.2) <0.001
  Salvage procedure 1 (0.4) N/A 0 (0.0) 0.03
Total number of participants having undergone surgery 46 (18.2) N/A 138 (8.4) <0.001

N/A: not applicable; GMFCS: Gross Motor Function Classification System; VDRO: varus derotational osteotomy proximal femur.
aFollow-up at Helsinki University New Children’s Hospital (HUH) 2017–2018, in Scotland 2019.
bFrom the most recent exam.
cFirst surgery.
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costs were not investigated in this study. However, a recent 
study evaluated the cost-effectiveness of surveillance pro-
grams to prevent hip dislocation in children with CP by 
analyzing three studies based on CPUP.21 The authors 
compared costs and quality-adjusted life-years to analyze 
the cost-effectiveness of hip dislocation prevention in chil-
dren of countries with and without hip surveillance pro-
grams, including the Norwegian data from the study by 
Elkamil et al.15 and data from CPUP in Sweden. The results 
indicated that preventing hip dislocations in children with 
CP is cost-effective.21

This study has a number of limitations. The Finnish 
children in this study form a patient group identified from 
hospital records and this group is not population-based as 
in the CP registries used for comparison in this study. 
There may be children and young people with CP and 
severe intellectual disabilities in the catchment area whose 
displacement or pain has not been identified and who, 
therefore, do not appear in the HUH hospital records. 
Some of the children not examined with hip radiographs 
may have hip displacements/dislocations causing the true 
prevalence of hip displacement/dislocation in the non-sur-
veillance cohorts to be underestimated. Similarly, those 
children with a hip radiograph may be a selection of chil-
dren with a high proportion of hip displacement/disloca-
tion and hence cause the prevalence to be overestimated.

In summary, the results from this study indicate that a 
CP hip surveillance program leads to earlier detection of 
hip displacement, reduces the need for reconstructive and 
salvage surgery and significantly reduces the number of 
children with hip dislocations. The results support the 
effectiveness of surveillance programs for the prevention 
of hip dislocation in children with CP.
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