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Background and purpose — The relationship between
hip displacement (HD), pelvic obliquity (PO), and scoliosis
in nonambulatory children with cerebral palsy (CP) has not
been clearly elucidated. The aims of this population-based
study were to examine the prevalence and temporal sequence
of these deformities in nonambulatory children with CP and
to evaluate how probable it is that severe unilateral HD con-
tributes to development of scoliosis.

Patients and methods — This longitudinal study com-
prised 106 nonambulatory children, enrolled in a surveillance
program. Pelvic radiographs for measurements of migration
percentage (MP) and PO were taken once a year from the
diagnosis of HD. Spine radiographs were taken in patients
with clinically detected scoliosis. Radiographic follow-up
continued until skeletal maturity.

Results — Clinically significant scoliosis (Cobb angle >
40°) occurred in 60 patients at a mean age of 11.8 years. 65
patients developed clinically significant HD (MP = 40%) at
a mean age of 4.8 years. 24 patients had no significant hip or
spine deformities, 22 had HD only, 17 had scoliosis only, and
43 had both deformities. HD was diagnosed before scoliosis
in all except 1 of the patients with both deformities. 14 of 19
patients with severe unilateral HD (MP = 60%) had scoliosis
convexity to the opposite side of the displaced hip.

Conclusion — The combination of scoliosis and HD
was frequent, and HD was diagnosed first in almost all the
patients. HD might be a contributory cause of scoliosis in
patients with severe, unilateral HD, PO, and later scoliosis
with convexity to the opposite side.

Hip displacement (HD) and scoliosis are common in nonam-
bulatory children and adolescents with cerebral palsy (CP)
[1-4]. These deformities can occur as isolated or in conjunc-
tion and can be combined with pelvic obliquity (PO). Severe
degrees of deformities can cause clinical problems like sitting
difficulties, decubitus ulcers, gastrointestinal problems, and
pain [5-7].

Although scoliosis, HD, and PO often coexist, the relation-
ship between them has not been clearly explored [8-10]. In
nonambulatory children with unilateral hip dislocation, Letts
et al. [11] found that the most common temporal pattern was
hip dislocation first, followed by PO, and finally scoliosis.
Others reported that scoliosis PO, and HD tended to begin at
the same time [8].

Regarding the association between unilateral HD, the high
side of PO, and convex side of scoliosis, previous literature
has shown divergent results, indicating that further studies
with sufficient follow-up time are required [8,9,11-13]. Such
studies should be population-based to avoid the possible coin-
cidences that could occur in hospital-based cohorts. During
the last decades, surveillance programs for children with CP
have become a useful source of information and research
[4,14,15].

The aims of this longitudinal, population-based study were
to examine the prevalence of scoliosis, HD, and PO in non-
ambulatory children with CP, look at the temporal sequence
of the deformities, and to study whether severe unilateral HD
can be a contributory factor in the development of scoliosis.
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Patients and methods
Study design
This is a longitudinal, retrospective study based on the Nor-
wegian surveillance program for children with CP (NorCP).
Inclusion criteria were nonambulatory children with bilateral
CP, born during the period 2002-2006 and living in 1 of the
10 counties of southeast Norway. Data on diagnosis and clas-
sification of CP according to international consensus [16] and
on ambulation according to the Gross Motor Function Classi-
fication System (GMFCS) [17] was retrieved from the NorCP
register. GMFCS distribution was level IV in 33 children and
level Vin 73.

The study was reported according to the STrengthening the
Reporting of OBservational studies in Epidemiology guide-
lines (STROBE).

Surveillance program

The hip surveillance program includes a pelvic radiograph at
the time of diagnosis of CP and then radiographs once a year in
children at GMFCS levels IV and V. An anteroposterior (AP)
radiograph of the pelvis and hips was taken with the child in
the supine position, taking care to avoid rotation of the legs
and pelvis and to keep the legs parallel (Figure 1A). The femo-
ral head displacement was measured as the migration percent-
age (MP) according to Reimers [18]. MP is the percentage of
the femoral head lateral to the acetabulum (lateral to Perkin’s
line). The hip is termed located if MP is < 33%, subluxated if
MP is 33—89%, and completely dislocated if MP is = 90%. The
age at MP = 40% was noted.

Pelvic obliquity (PO) was measured in the supine position
on the same pelvic radiographs as used for MP, as the angle
between the horizontal line and Hilgenreiner’s line (Figure 1A).

Assessment of scoliosis was based on clinical examination
and radiography. Clinical examination was performed once a
year by a physiotherapist at the Child Rehabilitation Service,
one in each county. The examination was done with the patient
in the sitting position, if necessary, supported by a caregiver.
The grade of scoliosis was subjectively assessed using the fol-
lowing classification: no scoliosis, mild scoliosis, moderate
scoliosis, and severe scoliosis. If the scoliosis was found to be
moderate or severe on clinical examination, a radiograph of
the spine was taken.

Posteroanterior and lateral radiographs of the whole spine
were taken with the patient in the sitting position (Figure 1B).
The scoliosis was described by location in the spine (thoraco-
lumbar or lumbar), shape of the curvature (C- or S-shaped),
and the Cobb angle. If the curve was S-shaped, only the lumbar
component was used for the analyses. All the spine radiographs
that had been performed from the beginning of 2004 to 2021
were assessed. Only spine radiographs taken at the university
hospital or at a local hospital and stored in our PACS system
were evaluated. The age at scoliosis = 40° was noted.

Figure 1. Radiographs of a boy with all
3 deformities: hip displacement, pelvic
obliquity, and scoliosis.

A. AP pelvic radiograph in the supine
position at the age of 7 years, showing
the measurement of migration percent-
age (MP = a/b x 100) and pelvic obliquity
(PO). MP was 67% in the right hip and
9% in the left. PO was 9° with the right
side highest.

B. PA spine radiograph in the sitting
position of the same boy at age 12.7
years, showing a thoraco-lumbar scolio-
sis of 56° with convexity to the left side,
the opposite side of HD and high PO (R,
right side).

Because mild deformities have little clinical significance,
only moderate and severe hip and spine deformities were used
in most of the statistical analyses. The following cutoffs for
clinically significant deformities were chosen: a Cobb angle >
40° for scoliosis and MP = 40% for hip displacement.

Statistics

SPSS (version 29, IBM Corp, Armonk, NY, USA) was used
for the statistical analysis. Categorical variables were analyzed
with the Pearson chi-square test. Continuous variables were
analyzed with Student’s t-tests for independent samples. All
tests were 2-sided and differences were considered significant
when the P value was < 0.05. Correlation between parameters
was evaluated by Pearson’s correlation coefficient (r). Uni-
variable logistic regression was used to identify risk factors
for scoliosis with Cobb angle = 40°. Variables with P value
< 0.05 were evaluated with multivariable logistic regression.

Local linear smooth plots (lowess) illustrated development
of migration percentage, pelvic obliquity, and Cobb angle with
age. It is a tool in regression analysis to create a smooth line
through a timeplot to see relationships between variables and
foresee trends. We used Stata/SE 18.0 for windows (StataCorp
LLC, College Station, TX, USA) for making lowess plots. The
plots were based on 690 pelvic radiographs (MP and PO) and
211 spine radiographs (Cobb angle).

Ethics, funding, and disclosures

The study protocol was approved by the Regional Committee
of Medical Research Ethics, REC (ref. 2020/107726) and our
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Eligible children in the Norwegian
surveillance program for children with CP
Nonambulatory children with bilateral CP,

born 2002-2006, living in southeast Norway
n=106
I
Included in the study
(none lost to follow-up)
n=106

Figure 2. Patient flowchart.

institutional review board. The study was not funded by any
external or internal party. There are no conflicts of interest. Com-
plete disclosure of interest forms according to ICMJE are avail-
able on the article page, doi: 10.2340/17453674.2024.39915

Results

106 children met the inclusion criteria, 69 boys and 37 girls.
None were excluded or lost to follow-up (Figure 2).

Hip and pelvis screening

The mean MP of the worst hip (greatest MP) on the initial
radiograph of the 106 patients at a mean age of 3.0 years
(range 0.7-9.5) was 28% (0-100) and the mean contralateral
MP was 19% (0—100). MP increased almost linearly during
the first years of follow-up, and the increase was greatest in
children who underwent hip surgery to improve femoral head
coverage (Figure 3). 78 patients (74%) developed hip sublux-
ation (MP = 33%), and 65 patients (61%) deteriorated to MP >
40%. There were 25 girls and 40 boys at GMFCS level IV in
15 patients and level V in 50 patients. Unilateral HD occurred
in 46 patients and bilateral HD in 19.

During the follow-up period, 59 of the 65 patients had
undergone surgical treatment to improve their femoral head
coverage (23 bilateral adductor and psoas releases and 36
pelvic osteotomies and/or varus femoral osteotomies in addi-
tion to the adductor/psoas releases). The mean age at surgery
was 6.5 years (2.7-14.9). The mean age was lower in patients
with soft tissue releases only compared with those who had
osteotomies (5.1 and 7.0 years, respectively; P < 0.001). The
outcome of surgery was graded according to Shore et al. [19]
as “good” when the final MP was < 50% and the patient had
not undergone subsequent bony surgery and “poor” if these
demands were not met. The outcome was good in 41 patients
and poor in 18. After hip surgery, the mean MP showed a
moderate decrease, whereas there was a continuing increase,
although at a slower rate, in the nonoperated hips until the age
of 11-12 years (Figure 3).

The mean initial PO in the supine position in the 106
patients was 2.6° (range 0—13). PO was almost unchanged up
to patient age 5 years and thereafter showed a moderate and
almost linear increase up to age 15 years (Figure 3). The mean
value at the last pelvic radiograph was 5.9° (0-30). When all
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Figure 3. Local linear smooth plots

(lowess) showing the development of
migration percentage, pelvic obliquity,
and Cobb angle in all the patients from
age 1 to 15 years. The plots were based
on 690 pelvic radiographs (MP and PO)
and 211 spine radiographs (Cobb angle).

the pelvic radiographs were analyzed, there was a significant
correlation between MP of the worst hip (highest MP) and PO
(r =0.25; P < 0.001). In patients with severe unilateral HD
(MP = 60%), the sides of high PO and HD were the same in
all patients except for 3, where PO was 0°.

Scoliosis screening

Radiographic scoliosis with Cobb angle = 10° was diagnosed
in 76 of the 106 patients (72%) at a mean age of 9.9 years
(3-18). The mean initial Cobb angle was 35° (10-79). The
Cobb angle increased almost linearly with age from 3 to 13
years (Figure 3). 71 children (67%) developed a Cobb angle
> 20°. Age at the first radiograph with Cobb angle = 20° is
shown in Table 1. At the age of 7-8 years, 21% of the children
had a Cobb angle = 20°.

60 patients (57%) developed a clinically significant (severe)
scoliosis with Cobb angle = 40°. This Cobb value occurred
before 10 years of age in 16 children and before the age of
12 years in 30 children. Scoliosis convexity was on the right
side in 24 patients and on the left side in 36. The curve was
C-shaped in 47 patients and S-shaped in 13. The apex of the
scoliosis was in the thoracic spine (T8-T12) in 18 cases and in
the lumbar spine (L1-L4) in 42.

The possible risk factors for scoliosis with Cobb angle =
40° are indicated in Table 2. In univariable analysis, these
variables were significant risk factors: GMFCS level, initial
MP, HD with MP = 40% and = 60%, hip operation, poor out-
come of hip surgery, and intrathecal baclofen treatment. Using
multivariable logistic regression, the independent risk factors
were GMFCS level V and MP = 60%. There was a significant
correlation between the last Cobb angle and the last MP (r =
0.38; P<0.001).

During the follow-up period, 32 patients had undergone
operative correction and spine fixation at a mean age of 14.3
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Table 2. Potential risk factors for clinically significant scoliosis with
Cobb angle = 40°

P value
Cobb angle uni- multi-
Variables n <40° =40° variable variable
Sex
Girls 37 14 23 0.4
Boys 69 32 37
GMFCS level
\Y, 33 24 9 < 0.001 0.003
Vv 73 22 51
CP type
Spastic bilateral 81 31 50 0.1
Dyskinetic 25 14 10
Hip displacement
MP < 40% 41 24 17 0.01 0.2
MP = 40% 65 22 43
MP < 60% 70 40 30 < 0.001 0.002
MP = 60% 36 6 30
Unilateral 46 17 29 0.4
Bilateral 19 5 14
Hip operation
No 47 25 22 0.04 0.3
Soft tissue release 2 22 11 11
Osteotomies 37 10 27
Outcome of hip surgery
Good 41 18 23 0.04 0.1
Poor 18 & 15
Intrathecal baclofen
No 79 41 38 0.003 0.4
Yes 27 5 22
Initial MP 106 21 32 0.01 0.05
Age at MP = 40% 65 4.3 5.1 0.2

GMFCS = gross motor function classification system;
MP = migration percentage;
2 bilateral adductor and psoas release.

years (7.6—18.1). The mean Cobb angle at the last spine radio-
graphs in nonoperated patients (the last preoperative radio-
graph in operated patients) was 73° (11-140).

Temporal sequence of HD and scoliosis

24 patients had no clinically significant spine or hip deformi-
ties, defined as MP = 40% and Cobb angle = 40°. The combi-
nations of clinically significant deformities are listed in Table
3. 39 patients had 1 deformity only (HD in 22 patients and
scoliosis in 17.). 43 patients had both HD and scoliosis.

The temporal sequence showed a trend to HD occurring
before the other deformities (Figure 3). The mean age of clini-
cally significant HD (MP = 40%) was 4.8 years (0.7-12.5) and
of scoliosis (Cobb angle = 40°) 11.8 years (5.3—16.3). Of the
43 patients with both HD and scoliosis, HD occurred first in
all but 1 patient.

Association between the side of hip displacement
and convexity of scoliosis

Of the 43 patients with both HD and scoliosis, 2 patients had
the same final MP in both hips. In the remaining 41 patients,
the scoliosis was convex to the opposite side of the hip with

Table 3. Distribution of clinically significant hip displacement
(migration percentage = 40%) and scoliosis (Cobb angle = 40°) in
106 patients at GMFCS levels IV and V

n HDonly Scoliosisonly HD + scoliosis

Hip displacement 65 22 = 43
Scoliosis 60 - 17 43
No deformities 24 - = —

GMFCS = gross motor function classification system;
HD = hip displacement.

the highest MP in 27 patients (66%), whereas 14 patients
had both deformities on the same side (P = 0.04). When only
patients with severe unilateral hip displacement (MP = 60%)
were analyzed, the scoliosis was convex to the opposite side
of HD in 14 of 19 patients (74%), which was significantly
more frequent than the 5 patients with convexity to the same
side (P =0.04).

13 patients with HD occurring before scoliosis developed
severe unilateral HD (MP = 60%), PO > 5° with the high side
of PO on the same side as HD, and scoliosis with Cobb angle
= 40°. There might be a causal relationship with HD lead-
ing to scoliosis in 8 of these patients because the convexity of
the scoliosis was to the opposite side of HD. In the remaining
patients, scoliosis convexity was to the same side as HD.

Discussion

The aims of this study were to examine the prevalence of
scoliosis, HD, and PO in nonambulatory children with CP, to
look at the temporal sequence of the deformities, and to study
whether severe unilateral HD can be a contributory factor in
the development of scoliosis.

We found that the combination of clinically significant HD
and scoliosis occurred quite frequently, that HD appeared
before scoliosis in the great majority of the patients, and that
severe unilateral HD might be a contributory factor in the
development of scoliosis in some patients.

Since we intended to analyze only deformities of clinical
importance, rather strict definitions were used. A Cobb angle
of = 40° was chosen because this was recommended as cutoff
for surgical treatment in clinical practice [10,20]. A cutoff of
40% for MP is a commonly used limit for hip displacement
that needs surgical treatment to improve femoral head cover-
age [4,21]. The degree of clinically significant supine position
PO is uncertain, and this deformity is usually combined with
HD. Thus, no cutoff for PO was used in the present study.
Supine position PO is less than sitting position PO measured
on spine radiographs because of the effect of gravity. Patel and
Shapiro [23] found that supine PO was less than half the PO
measured in the sitting position. We tried to measure the sit-
ting PO but found the measurements rather unreliable because
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the pelvic landmarks were not always clearly depicted on
the spine radiographs. Thus, the sitting PO values were not
included.

The prevalence of scoliosis in CP increases with decreasing
functional level of the patients [2,20,24]. In GMFCS level V,
the rates of scoliosis = 40° at or shortly after skeletal matu-
rity was reported to be 48% [25], whereas higher rates were
found by Hagglund et al. [2] and in our study (75% and 70%,
respectively).

Hip subluxation is common in nonambulatory children, with
a prevalence of approximately 70% at GMFCS level V [14,26].
This is in accordance with our prevalence of 70% at level V
with MP 40% as cutoff. The prevalence of the combination
of scoliosis and HD has, to our knowledge, not been analyzed
in previous population-based studies. We found that 41% of
the patients had both scoliosis and HD. Of the patients with
scoliosis, 72% also had HD, whereas Hadad et al. [27] in a non-
population-based study found that 79% had this combination.

The mean supine PO at the initial pelvic radiographs was
only 2.6° and at the last radiograph 5.9°, which corresponds
with the median supine position PO of 4° reported by Heidt et
al. [9]. This indicates that PO is usually moderate in spite of
HD and scoliosis. In a Swedish CP register study, the preva-
lence of supine position PO = 5° increased with increasing
GMEFCS levels [22], which is in agreement with our results.

Letts et al. [11] reported that the most common temporal
sequence of the deformities was dislocation of the hip occur-
ring first, followed by PO, and finally scoliosis. In disagree-
ment with this, Senaran et al. [8] had the impression that
scoliosis, PO, and HD tended to begin at the same time and
progressed together or with scoliosis preceding the others.
However, none of these studies were population-based. In our
population-based study the most common pattern was HD, or
the combination HD/PO diagnosed first and scoliosis last. One
reason could be that hip surveillance begins at age 1-2 years
and consists of yearly pelvic radiographs, which contributes
to early detection of HD. The scoliosis surveillance involves
a yearly clinical examination of the back, which could fail to
detect small and moderate degrees of scoliosis [24]. Moreover,
a spine radiograph was not taken until the magnitude of the
scoliosis was clinically assessed to be moderate or severe.

The relationship between the sides of HD, PO, and scoliosis
is controversial [8,11,12]. In unilateral HD, the high side of PO
was on the same side as the displaced hip in all the patients in
some studies [9,11], as well as in our study. Senaran et al. [8]
found this pattern in 67% of patients, whereas no significant
correlation between the high side of PO and the side of HD
was reported by Lonstein and Beck [12]. In severe unilateral
HD, the scoliosis was convex to the opposite side of the high
pelvic side in all the patients of Senaran et al. [8] and in 77% in
the study by Letts et al. [11], which corresponds well with our
findings in severe unilateral HD, where the convex side of the
scoliosis was opposite to the high PO side and the displaced
hip in 74% of the patients.

We found that severe HD was a risk factor for development
of scoliosis and there was a significant correlation between
the MP and the Cobb angle, indicating a close association
between HD and scoliosis. It has been speculated whether
severe unilateral HD can cause scoliosis [10,11]. If unilateral
HD appears first and is accompanied by PO with the high side
on the same side as HD, and scoliosis occurs later and has the
convexity on the contralateral side, it might seem probable
that HD was a contributory cause of scoliosis. However, this
combination was seen in only 8 of the 22 patients with severe,
unilateral HD in the present study. This indicates that HD and
scoliosis usually develop independently of each other.

Limitation

First, the hip screening with yearly pelvic radiographs was
more comprehensive than the scoliosis screening with clini-
cal screening alone. Second, the primary spine radiographs at
the local hospitals were probably not always sent to our hos-
pital in cases of mild or moderate scoliosis. This could cause
a delay in the registration of radiographic diagnosis of sco-
liosis and thus reduce the reliability of the temporal sequence
of the deformities. Third, the natural history of the relation-
ship between scoliosis and HD could not be fully evaluated
because many patients with HD had undergone surgical treat-
ment before scoliosis was detected. The main strength of the
study is that it was population-based with follow-up of all
the patients, which should imply good generalizability of the
results.

What is the clinical relevance of this study?

As HD with MP = 60% was one of the independent risk fac-
tors of scoliosis, this severe degree of HD should be avoided
by a good hip surveillance program and timely and correct
surgical treatment. Our results, especially the relatively late
detection of scoliosis, indicate that the surveillance of scolio-
sis in children with CP needs improvement in order to detect
the deformity and consider initiation of treatment at an earlier
age. Thus, the initial spine radiographs should be taken ear-
lier, especially in patients at GMFCS level IV/V; in this group
it seems rational to take spine radiographs when the patient
is aged 7-8 years, at which time approximately 21% of the
patients had a Cobb angle = 20°.

Conclusion

The combination of scoliosis and HD was frequent, and HD
was diagnosed first in almost all the patients. HD might be a
contributory cause of scoliosis in patients with severe, unilat-
eral HD, PO, and later scoliosis with convexity to the opposite
side.

All the authors planned and designed the study. TT analyzed the data and
wrote the initial manuscript. TT, SV, and TK revised the manuscript.
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