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B CHILDREN'S ORTHOPAEDICS
Prevalence of radiographic findings

associated with hip dysplasia in a population-
based cohort of 2081 19-year-old

Norwegians

In Norway total joint replacement after hip dysplasia is reported more commonly than in
neighbouring countries, implying a higher prevalence of the condition. We report on the
prevalence of radiological features associated with hip dysplasia in a population of

2081 19-year-old Norwegians. The radiological measurements used to define hip dysplasia
were Wiberg's centre-edge (CE) angle at thresholds of < 20° and < 25°, femoral head
extrusion index < 75%, Sharp’s angle > 45°, an acetabular depth to width ratio < 250 and the
sourcil shape assessed subjectively. The whole cohort underwent clinical examination of
their range of hip movement, body mass index (BMI), and Beighton hypermobility score,
and were asked to complete the EuroQol (EQ-5D) and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC). The prevalence of hip dysplasia in the cohort
varied from 1.7% to 20% depending on the radiological marker used. A Wiberg's CE angle

< 20° was seen in 3.3% of the cohort: 4.3% in women and 2.4% in men. We found no
association between subjects with multiple radiological signs indicative of dysplasia and
BMI, Beighton score, EQ-5D or WOMAC. Although there appears to be a high prevalence of
hip dysplasia among 19-year-old Norwegians, this is dependent on the radiological

parameters applied.

Cite this article: Bone Joint J 2013;95-B:279-85.

Hip dysplasia results in altered mechanical
conditions that predispose to the development
of osteoarthritis (OA) and the subsequent need
for a total hip replacement.! In Norway, 8% of
all primary hip replacements are as a result of
hip dysplasia, whereas in the other Nordic
countries the corresponding number is about
2%.%% This may indicate a high prevalence of
hip dysplasia in Norway, but the true preva-
lence in skeletally mature Norwegians is
unknown. The reported prevalence of adult
hip dysplasia varies according to gender, eth-
nicity or threshold values derived from differ-
ent radiological measurements. However, in
general Caucasians have a prevalence of hip
dysplasia in the region of 3% to 4%,*7 and
females have a higher prevalence than males.®

Pain and loss of function are commonly
reported symptoms for patients with a dysplas-
tic hip and hip OA.? This may affect the qual-
ity of life, which can be assessed by
instruments such as the EuroQol EQ-5D'? and
the Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC).'! Clini-
cal examination may demonstrate an effect on
the range of movement of the hip.

The aims of this study were to report on the
prevalence of different radiological findings
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indicating hip dysplasia assessed at skeletal
maturity in the general population in Norway,
and to assess associations with clinical findings
and self-reported quality of life.

Patients and Methods

Study population and design. Between 2007
and 2009, 4006 19-year-old Norwegians
were written to and invited to participate in a
long-term clinical and radiological follow-up
of a randomised hip study'? (Fig. 1). The ini-
tial cohort for the study comprised all
5068 newborn babies delivered at Haukeland
University Hospital during 1989, but
1062 subjects were excluded from the follow-
up due to death (n=61), emigration
(n = 256), or because they did not live in the
catchment area of our hospital at follow-up
(n = 745). Of the 4006 subjects invited for the
follow-up, 2081 agreed to participate. A fur-
ther eight subjects (seven women) were
excluded because of missing radiographs,
seven because of uncertain pregnancy status,
and one because of recently taken pelvic radi-
ographs. A further subject had severe deform-
ities as a result of cerebral palsy, resulting in a
radiograph of suboptimal quality. The follow
up-study included a clinical examination, two
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Born in Bergen in 1989 and residing
within a defined area of Bergen and
suburbs at follow-up

n =4006

Accepted to participate
in follow-up hip study

Missing radiographs

n = 2081 or radiographs of
poor quality
Included with radiographs n=9

and clinical data in the study

n =2072

Fig. 1

Flow of participants in the study.

radiographs of the pelvis, two questionnaires and an
optional saliva sample for later genetic analysis.
Radiographs and radiological parameters of hip
dysplasia. The radiological examination was performed
at the Department of Radiology, Haukeland University
Hospital, by a single specially trained radiographer (ST)
using a low-dose digital radiography technique (Digital-
Diagnost System v1.5; Philips Medical Systems, Ham-
burg, Germany). All male participants were offered a
gonadal shield. Two standardised views were obtained,
one weight-bearing anteroposterior (AP) view and one
supine frog-leg view. For this study we used an erect AP
pelvic radiograph, taken with the feet pointing forward, in
neutral femoral ab-/adduction, at a distance of 1.2 m from
the x-ray source to the film and the beam centred 2 cm
above the pubic symphysis.

Following several calibration sessions, all radiographs
were assessed independently by one of three observers
(IGE, LBL, TGL) using a digital measurement pro-
gram.'>!* Four measurements commonly used for the
assessment of hip dysplasia were taken: Sharp’s angle,'®
Wiberg’s centre-edge (CE) angle,'® the femoral head extru-
sion index (FHEI)!” and acetabular depth:width ratio
(ADR)'® (Fig. 2). In addition, each hip was subjectively
judged as being normal, mildly or moderately dysplastic,
based on the outline of the subchondral bone condensation
in the acetabular roof, named the sourcil.”’

The acetabular anatomy was assessed by Sharp’s angle
and the ADR, and the position of the femoral head relative
to the acetabular cavity was described by Wiberg’s CE angle
and the FHEI'” (Fig. 2). A Sharp’s angle > 45°, an ADR
<250 and a FHEI < 75% were used as cut-off values as
described in the literature.'® For the CE angle cut-off values
of < 25° and < 20° were used.!®!®
Clinical examination. The clinical examination was per-
formed by one of five physicians (IJE, LBL, TGL, LBE,
AMH), who were blinded to the results of the question-

naires and the radiographs. A protocol including height,
weight, assessment of hip range of movement as well as
Beighton score?” for joint laxity was performed. The maxi-
mum Beighton score is 9, and = 4 points indicates joint
hypermobility.?! Flexion, abduction and adduction were
measured with the subject supine, whereas extension and
internal and external rotation were measured prone with
90° of knee flexion.

Questionnaires. A questionnaire addressing hip-related
problems was completed before the visit to the department,
and a second questionnaire was filled in on arrival; this
included a question on hip pain during the last three
months, the EQ-5D and the WOMAC.

Ethical approval. The project was approved by the Medical
Research Ethics Committee of Western Region of Norway.
All participants provided written informed consent accord-
ing to the Helsinki declaration. A total of 15 subjects pre-
senting with uncertain or severe clinical and/or
radiographic findings related to hip, back or pelvic pathol-
ogy were immediately scheduled for a radiological review
and/or recalled for a consultation.

Statistical analysis. Data were summarised using means and
ranges. Comparison of mean values was performed using
independent samples #-tests, and p < 0.05 was considered
statistically significant. The relationship between different
continuous variables was analysed using linear regression
with the correlation coefficient R. The chi-squared test was
used to compare categorical data within the cohort related to
the radiological dysplasia findings or gender. In order to
adjust for non-responders in the calculation of prevalences,
we calculated inverse probability weights (IPW) based on a
logistic regression model including gender, birth weight,
maternal age, marital status, parity, fetal position and multi-
ple births as covariates.”? The statistical package PASW Sta-
tistics 18 (IBM, Armonk, New York) for Microsoft
Windows (Microsoft Corp., Redmond, Washington) and
Stata Statistical Software, release 11 (StataCorp, College
Station, Texas) were used for the statistical analysis.

Results

A total of 2072 subjects (1199 women (58%)) with a
mean age 18.6 years (17.3 to 20.2) with radiographs and
clinical data were included in the study (Fig. 1). The estab-
lished threshold values for variables to predict hip dyspla-
sia corresponded well with the 2.5 or 97.5 percentiles
found in our population-based cohort (Table I). The prev-
alence of hip dysplasia varied between 1.7% and 20%
according to the radiographic measurements used
(Table II). All parameters except the ADR yielded a higher
prevalence for females than for males (Table II).
Radiological findings associated with hip dysplasia. Acetabular
shape was assessed by Sharp’s angle and the ADR. A total of
300 left hips (15%) and 316 right hips (15%) were considered
abnormal based on at least one of the two measurements
(Fig. 3), whereas only 15 left hips (0.72%) and 21 right hips
(1.0%) met both criteria (R = 0.019 (left); R = 0.027 (right)).
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Diagrams showing the measurement of the radiological parameters. Figure 2a — Sharp’s angle is defined as the angle between the horizontal teardrop
line and a line through the inferior teardrop point and the lateral rim of acetabulum, and the acetabular depth:width ratio (ADR) as the ratio of the
distance between the inferior teardrop point and the lateral acetabular rim, and the depth of the acetabulum. Figure 2b — Wiberg's centre-edge (CE)
angle describes the angle between a line perpendicular to the horizontal teardrop line drawn through the centre of the femoral head, and a line from
the centre of the head to the lateral edge of the acetabulum, and the femoral head extrusion index (FHEI) assesses the percentage of the femoral head

to a line from the medial margin of caput to the lateral acetabular edge.

When based on subjective evaluation of the sourcil shape
alone, 27 left (1.3%) and 24 right hips (1.2%) were consid-
ered mildly or moderately dysplastic.

Measurements for the position of the femoral head rela-
tive to the acetabulum were examined using Wiberg’s cen-
tre-edge (CE) angle and the femoral head extrusion index
(FHEI). Of the women, 276 (23 %) had at least one hip with
a CE angle < 25°, and 52 (4.3%) had an angle < 20°. Using
a cut-off value of 20° for the CE angle, 59 left hips (2.8%)
and 94 right hips (4.5%) were judged to be pathological for
at least one of the two positional measurements; 41 left hips
(2.0%) and 32 right hips (1.5%) met both criteria
(R = 0.839 (left); R = 0.873 (right)) (Fig. 3).

An analysis of the interrelation between the three groups
of parameters (measurements describing: 1) the shape of
acetabulum; 2) the position of the femoral head with regard
to the acetabular cavity; and 3) subjective evaluation of the
sourcil, is shown in Figure 3. A moderate to good overlap
was seen between parameters describing the position of the
femoral head in relation to the acetabulum and the group
describing the acetabular shape. Only four of the 2072 left
hips and two of the 2072 right hips were judged as dysplas-
tic according to the sourcil shape but they had normal val-
ues for both the other parameter groups.

The prevalence of hip dysplasia by the number of criteria
met is listed in Table III. In all, 75% of the cohort had nor-
mal values for all five dysplasia markers, and 0.45% met all
five criteria for dysplasia (0.27% of the men and 0.65% of
the women).

VOL. 95-B, No. 2, FEBRUARY 2013

Association between radiological and clinical findings indi-
cating hip dysplasia. The associations between radiological
findings, clinical findings and patients self-reported health
problems are presented in Table IV. The range of hip move-
ment was increased for all movements in women compared
with men (all p < 0.015), except for external rotation,
which was significantly decreased compared with men
(p <0.001). Subjects with a pathological Sharp’s angle
(< 45°) had an increased internal rotation (mean difference
6.1°, p < 0.001) and decreased external rotation (mean
difference 5.6°, p < 0.001) compared with those with a nor-
mal Sharp’s angle. Similar findings were observed for the
CE angle at both thresholds (< 20° and < 25°), and for
FHEI (right hip only).

A Beighton score of > 4 indicating joint hypermobility
was more common in women (28%) than in men (10%)
(chi-squared test, p < 0.001). We found no association
between Beighton score and the number of radiological
dysplasia criteria met (chi-squared test, p = 0.30), but par-
ticipants with a pathological Sharp’s angle were more prone
to have joint hypermobility than those with a normal
Sharp’s angle (chi-squared test, p < 0.001).

A total of 483 (23%) of the participants were classified
as overweight, with a body mass index (BMI) > 25 kg/m?.
No differences were found between gender (chi-squared
test, p = 0.33) and number of radiological criteria for hip
dysplasia (chi-squared test, p = 0.90).

The EQ-5D quality of life assessments identified women as
having a lower mean score than men (91 (26 to 100) versus
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Table I. The cut-off values used as defined in the literature, compared
with 2.5 percentiles (centre-edge (CE) angle, acetabular depth-width
ratio (ADR) and femoral head extrusion index (FHEI)) or 97.5 percen-

tiles (Sharp’s angle) in our cohort

Right hip Left hip Cut-off value
CE angle (°) 20.1" 20.9 20.0
Sharp’s angle (°) 46.9" 473" 45.0
ADR 233.8" 234.4" 250.0
FHEI (%) 73.7" 74.9" 75.0

* 2.5 percentile
1 975 percentile

Table Il. Prevalence of the various radiological markers suggestive of hip dysplasia for the whole cohort and for male and female

subgroups (Cl, confidence interval)

Prevalence (%, 95% Cl)

Parameter” Right hip Left hip Unilateral Bilateral Total

WHOLE COHORT (n = 2072)

Sharp’s angle > 45° 75 (6.4 to 8.6) 6.7 (5.7 to 7.8) 11 (9.8 to 12) 1.6 (1.1 to 2.1) 13 (11 to 14)
ADR < 250 8.3(7.0t0 9.5) 7.8 (6.6 to 9.0) 8.7 (74 t0 9.9) 3.7(2.9to0 4.6) 12 (11 to 14)

CE angle < 20° 2.3 (1.7 to 3.0) 1.5 (1.0 to 2.0) 2.8 (2.1t0 3.5) 0.5 (0.2 t0 0.8) 3.3(2.5t04.1)
CE angle < 25° 14 (12 to 15) 12 (10 to 13) 14 (12 to 15) 5.9 (4.9 t0 6.9) 20 (18 to 21)
FHEI > 25% 4.0 (3.2t0 4.9) 2.6 (1.9to0 3.3) 4.9 (4.0 to 5.9) 0.8 (0.5t0 1.2) 5.8 (4.7 to 6.8)
Dysplastic sourcil shape 1.1 (0.7 to 1.6) 1.2 (0.7 to 1.7) 1.0 (0.6 to 1.4) 0.7 (0.3 to 1.0) 1.7 (11110 2.2)
MALE COHORT (n = 873)

Sharp’s angle > 45° 3.8(2.5t05.1) 2.9 (1.7 to 4.0) 6.0 (4.4 to 7.6) 0.3 (-0.04 to 0.7) 6.4 (4.7 to 8.0)
ADR > 250 8.7 (6.7 to 11) 8.1(6.2t09.9) 9.3(7.3to 11) 3.7 (2.4t0 5.0) 13 (11 to 15)
CE angle < 20° 1.6 (0.8 to 2.5) 1.1 (0.4 to 1.8) 2.0 (1.1 to 3.0) 0.3 (-0.05 to 0.8) 2.4 (1.4 to 3.4)
CE angle < 25° 12 (9.4 to 14) 10 (7.8 to 12) 11 (8.7 to 13) 5.3 (3.81t0 6.8) 16 (14 to 19)
FHEI > 25% 3.6(2.3t04.8) 2.4 (1.4 to 3.5) 4.4(3.0t05.9) 0.8 (0.2 to 1.4) 5.2 (3.7t0 6.7)
Dysplastic sourcil shape 0.8 (0.1 to 1.4) 0.7 (0.1 to 1.3) 0.7 (0.1 to 1.3) 0.4 (-0.06 to 0.9) 1.1 (0.4 to 1.8)
FEMALE COHORT (n = 1199)

Sharp’s angle > 45° 11 (9.6 to 13) 11 (9.1 to 13) 17 (14 to 18) 2.9 (1.9to 3.8) 19 (17 to 22)
ADR < 250 79 (6.3t0 9.4) 7.6 (6.1t09.1) 8.0 (6.5 to 9.6) 3.7(2.6t0 4.8) 12 (9.9 to 14)
CE angle < 20° 3.0 (2.0 to 4.0) 2.0 (1.2t0 2.7) 3.6 (2.5 to 4.6) 0.7 (0.2 to 1.2) 4.3(3.1t05.4)
CE angle < 25° 16 (14 to 18) 14 (12 to 15) 17 (14 to 18) 6.6 (5.2 to 8.0) 23 (21 to 26)
FHEI > 25% 45 (3.4t05.7) 2.7 (1.8 to 3.6) 5.4 (4.1 10 6.7) 0.9 (0.4 to 1.4) 6.3 (5.0to 7.7)
Dysplastic sourcil shape 1.5 (0.8 t0 2.2) 1.7 (1.0 to 2.4) 1.3 (0.7 to 2.0) 0.9 (0.4 to 1.5) 2.3 (1.4 to 3.1)

* ADR, acetabular depth to width ratio; FHEI, femoral head extrusion index; CE angle, Wiberg'’s centre-edge angle

94 (21 to 100)) (#test, p < 0.001), but we found no associa-
tion between EQ-5D-score and radiological findings (#-test,
p= 0.21). The same tendency was seen for the WOMAC
score, with women yielding a higher score than men (26 (24 to
69) versus 25 (24 to 92); t-test, p = 0.015), thereby indicating
a poorer level of functioning. A total of 109 participants
(5.3%) reported some problems with their right hip in the pre-
vious three months, more frequently in women (7.3%) than in
men (2.4%) (chi-squared test, p < 0.001).

Discussion
In a cohort of 19-year-old Norwegians we have shown that
the prevalence of hip dysplasia varies between 1.7% and
20% depending on which radiological measurements are
used. Women had a more steeply inclined acetabulum and
less femoral head coverage than men.

Numerous studies have reported on the prevalence of hip
dysplasia,*®2¢ but most have addressed newborn babies
and infants. Defining hip dysplasia in adults is difficult

when several radiological measurements provide various
threshold values (Table V). Our study shows that the prev-
alence varies greatly according to which parameter is
applied. Wiberg’s CE angle'® is one of the most used mark-
ers and describes the position of the femoral head with
respect to the acetabulum, but cut-off values of 20° and 25°
have been used in the literature to describe a hip believed to
be dysplastic.'® In our cohort 3.3% (2.4% men and 4.3%
women) had a CE angle < 20°, and as many as 20% (16%
men and 23% women) had an angle < 25°. These results
compare well with findings of a longitudinal Danish health
survey, which included 4151 participants aged between 22
and 93 years' (Table V) where the prevalence of Wiberg’s
CE angle < 20° was 3% to 4% for both males and females.
Other studies, using a cut-off of 25°,472328 report a preva-
lence among Caucasians ranging from 2.4% to 5.6% for
females and 1.8% to 4.0% for males. This is markedly less
frequent than our findings. Studies on Japanese
populations®?® report a prevalence from 12% to 19% for
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LEFT HIP

Shape of acetabulum:

ADR

Position of the femoral head to acetabulum:

Wiberg's
CE angle < 20°

FHEI

Interrelation between different parameters:

Position of femoral head
to acetabular cavity

RIGHT HIP

Shape of acetabulum:

Sharp’s

angle ADR

Position of the femoral head to acetabulum:

Wiberg's
CE angle < 20°

FHEI

Interrelation between different parameters:

Position of femoral head
to acetabular cavity

Shape of Shape of
acetabulum \ acetabulum \
0 Sourcil 0 Sourecil
10 shape 12 shape
13 10
Fig. 3

Diagrams showing the relationships between the different radiological measurements suggestive of hip dysplasia. Sharp’s angle and the acetabular
depth:width ratio (ADR) describe the shape of the acetabulum and Wiberg’'s centre-edge (CE) angle and the femoral head extrusion index (FHEI)
describe the position of the femoral head with regard to the acetabular cavity.

females and 5% to 16% for males using a cut-off of 25°,
which is more comparable with our findings.

Jacobsen et al' reported a pathological Sharp’s angle (> 45°)
in about 8% of females and 3% of males. A slightly increased
prevalence was found in our cohort for females (11%), but sim-
ilar findings were found for males. The ADR and the FHEI
prevalence in our study are similar to the Danish study.’

An increase in femoral anteversion is commonly seen in
dysplastic hips?’ and results in increased internal rotation
on clinical examination. This is supported by our findings

VOL. 95-B, No. 2, FEBRUARY 2013

(Table IV). No clinical differences were found for the other
movements. Excessive joint laxity in children with hip dys-
plasia is described®® and results in an increased Beighton
score. However, this was not confirmed in our cohort
where we only found a difference between genders.

We acknowledge some limitations to our study. First, all
subjects who took part also participated in a randomised
hip study on different screening strategies for hip dysplasia
in the newborn.'? This might influence our results, as it is
more likely that persons with previous or present hip
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Table lll. The distribution of the number of dysplasia markers (Wiberg’s centre-edge (CE) angle, Sharp’s angle, femoral head extrusion index, acetab-
ular depth:width ratio and sourcil shape) in the cohort. The total numbers are based on the worst hip for each patient (Cl, confidence interval)

Distribution (%, 95% Cl)

Males (n = 873)

Females (n = 1199)

Findings

indicating

dysplasia of

the hip (n) Right hip Left hip Total Right hip Left hip Total Total

0 86 (84 to 89) 89 (86 to 91) 80 (77 to 83) 81 (79 to 83) 82 (80 to 84) 70 (68 to 73) 75 (73 to 77)

1 11 (8.8to 13) 9.3 (7Z3to 11) 16 (13 to 18) 14 (12 to 16) 15 (13 to 17) 22 (20 to 25) 19 (17 to 21)

2 1.9 (0.99 to 2.8) 1.1 (0.37 to 1.8) 2.6 (1.5t03.7) 2.4 (1.5t0 3.3) 1.7 (1.0 to 2.4) 3.6 (2.5t04.6) 3.1(2.3t03.8)

3 0.54 (0.06 to 1.0)  0.79(0.20 to 1.4) 1.1 (0.41 to 1.8) 1.3 (0.68 to 2.0) 1.0 (0.42 to 1.5) 2.1(1.3t02.9) 1.6(1.0to 2.1)

4 0.33 (-0.05 to 0.70) 0.22 (-0.09 to 0.52) 0.44 (0.01 to 0.9) 0.92 (0.01 to 0.68) 0.39 (0.05 to 0.74) 1.0 (0.43 to 1.5) 0.71 (0.35to 1.1)
5 0.16 (-0.16 to 0.48) 0.10 (-0.10 to 0.30) 0.27 (-0.11 to 0.6) 0.34 (0.01 to 0.68) 0.39 (0.05 to 0.74) 0.65 (0.20 to 1.1)0.45 (0.16 to 0.75)

Table IV. Mean outcome values related to radiological findings indicating hip dysplasia. Radiological findings of dysplasia were also related to the
proportion of the cohort with an increased Beighton score (> 4) or body mass index (BMI) > 25 kg/m?. p-values were determined using the chi-squared
test for Beighton score, BMI and hip pain last three months, and with the two-sided independent samples t-test for all other characteristics

Total cohort Number of radiological dysplasia criteria
Al Females Males Sharp's angle > 45° Wiberg's CE angle < 20°
Outcome” (n=2072) (n=1199) (n=873) p-value’ 0 (n=1548) 1t02(n=463) 23(n=61) p-value* (n =288) p-value®*  (n=73) p-value®
Mean EQ-5D (range) 92(21t0 100)  91(26to 100) 94 (21to 100) <0.001 92 (30 to 100) 91 (21 to 100) 94 (4810 100)  0.21 92 (21 to 100) 0.51 94 (48 to 100) 0.093
Mean WOMAC (range) 26 (24 t0 92) 26 (24 to 69) 25(24t092) 0.015 25 (24 to0 92) 26 (24 to 74) 25 (24 to 60) 0.68 26 (24 to 74) 0.1 25 (24 to 60) 0.33
Beighton score > 4 (%) 21 28 10 <0.001 19 25 25 0.30 29 <0.001 27 0.14
BMI > 25 kg/m? (%) 23 23 24 0.33 24 22 25 0.90 21 0.22 22 0.77
Mean ROM (°) (range)? n=1727 n =305 n=40 n=171 n=50
ROM 346 (230 to 450) 352 (265 to 450) 337 (230 to 420) 0.015 345 (255 to 450) 349 (230 to 420) 349 (315to 390) 0.26 351 (230 to 420) 0.004 350 (310 to 395) 0.22
Adduction 39 (20 to 60) 39 (20 to 60) 39(20to 60)  0.014 39 (20 to 60) 39 (20 to 50) 39 (30 to 45) 0.44 39 (20 to 50) 0.33 39 (30 to 45) 0.47
Abduction 61(30to 100) 62 (40to0 100) 59(30to80) <0.001 61 (40 to 100) 62 (30 to 80) 61 (40 to 70) 0.60 62 (30 to 80) 0.032 62 (40 to 80) 0.41
Flexion 121(80to 160) 123 (90 to 160) 118 (80to 150) < 0.001 121 (80 to 160) 123 (90 to 150) 121 (100 to 140) 0.93 124 (90 to 150) 0.001 122 (100 to 140) 0.84
Extension 27 (10 to 55) 28 (15 to 55) 26(10t0 50)  <0.001 27 (5 to 55) 27 (10 to 50) 29 (20 to 35) 0.078 28 (10 to 50) 0.10 28 (20 to 35) 0.15
Internal rotation 47 (10 to 85) 53 (10 to 85) 39(10t080)  <0.001 46 (10 to 85) 49 (20 to 80) 53 (30 to 70) 0.002 52 (20 to 80) <0.001 53 (20 to 80) 0.002
External rotation 51 (10 to 80) 46 (10 to 80) 57 (10to 80)  <0.001 51 (15 to 80) 49 (10 to 80) 46 (20 to 80) 0.014 46 (10 to 80) <0.001 46 (20 to 80) 0.013
Hip pain last three months 5.3 7.3 24 <0.001 4.9 7 2 75 0.421 78 0.16 8.3 0.37

(%)"

* EQ-5D, EuroQol 5 Dimensions; WOMAC, Western Ontario and McMaster Universities osteoarthritis index; BMI, body mass index; ROM, range of movement

+ females compared with males

# 0 radiological criteria versus > 3 radiological markers

§ participants with an pathological angle compared with participants with a normal angle

9 for ‘range of movement’ and ‘hip pain in the last three months’ the results are presented for the right hip

problems would participate in a follow-up study. However,
the baseline characteristics for the same cohort analysed in
a former publication®! revealed no clinically important dif-
ferences, however more females responded to this survey.

A second potential limitation is that three independent
observers read the radiographs and five independent physi-
cians performed the clinical examinations. Including more
observers increases the risk of introducing bias. For the
radiological measurements, a detailed calibration process
was carried out and the inter- and intra-observer variability
demonstrated only minor differences.'3

In conclusion, our study shows a high prevalence of hip
dysplasia among 19-year-old Norwegians, but we found
large differences in the prevalence depending on the radio-
logical measurements used. However the inference that
prevalence of hip dysplasia is high in Norway is in agree-
ment with findings from the Nordic Arthroplasty Register
Association, showing a higher incidence of total hip
replacement due to hip dysplasia in Norway than in the
other Scandinavian countries.>>
The authors would like to thank M. Olsen, BSc, Department of Orthopaedics, S.

Tufta, BCs, Department of Radiology, and A. M. Haukom, MD, Department of
Orthopaedics, Haukeland University Hospital, Bergen, for their assistance.

The study has received funding from University of Bergen, Western Norway
Regional Health Authority and Arthritis Research UK (grant Ref 18196). Two of
the authors (I@E and LBL) are supported with PhD grants by Western Norway
Regional Health Authority and one author (TGL) by the Frank Mohn Foundation.

No benefits in any form have been received or will be received from a com-
mercial party related directly or indirectly to the subject of this article.

References
1. Jacobsen S, Sonne-Holm S, Sgballe K, Gebuhr P, Lund B. Hip dysplasia and

osteoarthrosis: a survey of 4151 subjects from the Osteoarthrosis Substudy of the
Copenhagen City Heart Study. Acta Orthop 2005;76:149—158.

2. Engeseter LB, Engeszeter 10, Fenstad AM, et al. Low revision rate after total hip
arthroplasty in patients with pediatric hip diseases. Acta Orthop 2012;83:436—-441.

3. Lohmander LS, Engesaeter LB, Herberts P, et al. Standardized incidence rates of
total hip replacement for primary hip osteoarthritis in the 5 Nordic countries: similar-
ities and differences. Acta Orthop 2006;77:733-740.

4. Croft P, Cooper C, Wickham C, Coggon D. Osteoarthritis of the hip and acetabular

dysplasia. Ann Rheum Dis 1991;50:308-310.

Inoue K, Wicart P, Kawasaki T, et al. Prevalence of hip osteoarthritis and acetab-

ular dysplasia in french and japanese adults. Rheumatology (Oxford) 2000;39:745—

748.

Lau EM, Lin F, Lam D, Silman A, Croft P. Hip osteoarthritis and dysplasia in Chi-

nese men. Ann Rheum Dis 1995;54:965-969.

Smith RW, Egger P, Coggon D, Cawley MI, Cooper C. Osteoarthritis of the hip

joint and acetabular dysplasia in women. Ann Rheum Dis 1995;54:179-181.

Lehmann HP, Hinton R, Morello P, Santoli J. Developmental dysplasia of the hip

practice guideline: technical report: Committee on Quality Improvement, and Subcom-

mittee on Developmental Dysplasia of the Hip. Pediatrics 2000;105:E57.

o

o

~N

THE BONE & JOINT JOURNAL



PREVALENCE OF RADIOGRAPHIC FINDINGS ASSOCIATED WITH HIP DYSPLASIA IN A POPULATION-BASED COHORT 285

9. Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update with relevance
for clinical practice. Lancet 2011;377:2115-2126.

10. The EuroQol Group. EuroQol: a new facility for the measurement of health-related
quality of life. Health Policy 1990;16:199-208.

11. Bellamy N Osteoarthritis: an evaluative index for clinical trials [MSc thesis].
McMaster University, Hamilton, Ontario, Canada: 1982.

12. Rosendahl K, Markestad T, Lie RT. Ultrasound screening for developmental dys-
plasia of the hip in neonate: the effect on treatment rate and prevalence of late cases.
Pediatrics 1994;94:47-52.

13. Engeseeter 10, Laborie LB, Lehmann TG, et al. Radiological findings for hip dys-
plasia at skeletal maturity: validation of digital and manual measurement techniques.
Skeletal Radiol 2012;41:775-785.

14. Pedersen DR, Lamb CA, Dolan LA, et al. Radiographic measurements in develop-
mental dysplasia of the hip: reliability and validity of a digitizing program. J Pediatr
Orthop 2004;24:156-160.

15. Sharp IK. Acetabular dysplasia: the acetabular angle. J Bone Joint Surg [Br]1961;43-
B:268-272.

16. Wiberg G. Studies on dysplastic acetabula and congenital subluxation of the hip
joint. Acta Orthop Scand 1939;58(Suppl):1-132.

17. Heyman CH, Herndon CH. Legg-Perthes disease: a method for the measurement of
the roentgenographic result. J Bone Joint Surg [Am] 1950;32-A:767-778.

18. Jacobsen S. Adult hip dysplasia and osteoarthritis: studies in radiology and clinical
epidemiology. Acta Orthop Supp! 2008;77:1-37.

19. Bombelli R. The biomechanics of the normal and dysplastic hip. Chir Organi Mov
1997,82:117-127.

20. Beighton P, Horan F. Orthopaedic aspects of the Ehlers-Danlos syndrome. J Bone
Joint Surg [Am] 1969;51-A:444—453.

VOL. 95-B, No. 2, FEBRUARY 2013

21.

22,

23.

24.

25.

26.

2].

28.

29.

30.

31.

van der Giessen LJ, Liekens D, Rutgers KJ, et al. Validation of beighton score
and prevalence of connective tissue signs in 773 Dutch children. J Rheumatol
2001;28:2726-2730.

Hernan MA, Robins JM. Causal inference. Chapman & Hall, 2011. http://
www.tc.umn.edu/~alonso/hernanrobins_v1.10.11.pdf (date last accessed 7 Novem-
ber 2012).

Lane NE, Lin P, Christiansen L, et al. Association of mild acetabular dysplasia with
an increased risk of incident hip osteoarthritis in elderly white women: the study of
osteoporotic fractures. Arthritis Rheum 2000;43:400-404.

Ali-Gombe A, Croft PR, Silman AJ. Osteoarthritis of the hip and acetabular dys-
plasia in Nigerian men. J Rheumatol 1996;23:512-515.

Lane NE, Nevitt MC, Cooper C, et al. Acetabular dysplasia and osteoarthritis of the
hip in elderly white women. Annals Rheum Dis 1997;56:627-630.

Yoshimura N, Campbell L, Hashimoto T, et al. Acetabular dysplasia and hip oste-
oarthritis in Britain and Japan. Br J Rheumato/ 1998;37:1193-1197.

Msamati BC, Igbigbi PS, Lavy CB. Geometric measurements of the acetabulum in
adult Malawians: radiographic study. East Afr Med J 2003;80:546-549.

Goker B, Sancak A, Haznedaroglu S. Radiographic hip osteoarthritis and acetab-
ular dysplasia in Turkish men and women. Rheumatology international 2005;25:419—
422.

Sugano N, Noble PC, Kamaric E, et al. The morphology of the femur in develop-
mental dysplasia of the hip. J Bone Joint Surg [Br] 1998;80-B:711-719.

Wynne-Davies R. Acetabular dysplasia and familial joint laxity: two etiological fac-
tors in congenital dislocation of the hip: a review of 589 patients and their families. J
Bone Joint Surg [Br] 1970;52-B:704-716.

Laborie LB, Lehmann TG, Engesaeter 10, et al. Prevalence of radiographic find-
ings thought to be associated with femoroacetabular impingement in a population-
based cohort of 2081 healthy young adults. Radiology 2011;260:494-502.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


