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Abstract
Objectives—To examine the association of
acetabular dysplasia and osteoarthritis
(OA) of the hip among elderly white
women.
Methods—Pelvic radiographs from a
sample of 165 white women aged 65 and
above with radiographic hip OA and 88
white women aged 65 and above without
radiographic changes of hip OA were read
for evidence of acetabular dysplasia by a
single trained investigator. Acetabular
dysplasia was assessed using measure-
ments of the centre edge angle and the
acetabular depth, which are both reduced
in this condition. Odds ratios for the asso-
ciation between acetabular dysplasia and
hip OA were estimated using logistic
regression analysis.
Results—Fourteen (3.4%) hips had a cen-
tre edge angle < 25°, 46 (11.2%) hips had
an acetabular depth of < 9 mm, and 54
(13.2%) hips had acetabular dysplasia
defined as either of the above. Hips with
OA had a small, but not statistically
significant, increased prevalence of
abnormal centre edge angle (odds ratio:
1.43; 95% confidence intervals: 0.46, 4.46),
abnormal acetabular depth (1.47; 0.78,
2.77) and acetabular dysplasia (1.33; 0.74,
2.40).
Conclusion—These results do not support
the hypothesis that mild acetabular
dysplasia accounts for a substantial
proportion of hip OA in elderly white
women. A study with a much larger
sample size would be required to rule out
a weak association between dysplasia and
hip OA of the magnitude actually
observed in our study.

(Ann Rheum Dis 1997;56:627–630)

Osteoarthritis (OA) of the hip is an important
cause of musculoskeletal disability in the
elderly.1 Epidemiological studies suggest that
hip OA is multifactorial in aetiology2 and have
identified several risk factors for hip OA,
including increasing age, overweight, trauma,
and occupational physical activity.2–4 In
addition, clinical studies of patients with hip
OA suggest that structural abnormalities of the
hip that are present at delivery or develop in
childhood may result in accelerated or prema-
ture joint degeneration.5 Examples of these
include congenital hip subluxation/dislocation,
slipped capital femoral epiphysis, and
Legg-Calve-Perthe’s disease. However, the

cumulative incidence of these disorders is too
small to account for a large proportion of cases
in the elderly.2 A more common structural
abnormality that may predispose to hip OA is
subclinical, or mild, acetabular dysplasia.
Indeed, based on case series of patients with
hip OA Murray,6 Stulberg and colleagues,7 and
Harris 8 estimated that between 25 and 40 per
cent of cases of hip OA may be caused by sub-
clinical acetabular dysplasia. In contrast, more
recent studies of elderly British men9 and
women10 and elderly Chinese men in Hong
Kong11 failed to find an association between
indicators of subclinical dysplasia and hip OA
in patients undergoing intravenous urograms
whose pelvic radiographs were assessed for
both hip OA and acetabular dysplasia.
However, these studies were limited by
relatively few cases of hip OA. The purpose of
this study was to examine the association
between indicators of acetabular dysplasia and
hip OA assessed from pelvic radiographs in a
large cohort of elderly white women participat-
ing in the Study of Osteoporotic Fractures.

Methods
SUBJECTS

Subjects were participants in the Study of
Osteoporotic Fractures, a multicentre longitu-
dinal cohort study of the risk factors for
osteoporotic fractures in 9704 women. Partici-
pants were all age 65 and above at baseline
examination and were recruited between
September 1986 and October 1988 from
population based listings in four areas of the
United States: Baltimore, MD, Minneapolis,
MN, Portland, OR, and the Monongahela Val-
ley near Pittsburg, PA.12 Non-white women
were excluded because of their low incidence
of hip fracture, as were women who were non-
ambulatory or who had undergone bilateral hip
replacement.

RADIOGRAPHIC EVIDENCE OF OA

At the baseline examination, all women had a
supine anteroposterior (AP) radiograph of the
pelvis with the hips in 15–30 degrees of
internal rotation. Pelvic radiographs of a
consecutive sample of 5818 subjects were
evaluated for hip OA. Hip radiographs were
read for individual radiographic features of OA
using an atlas illustrating the individual
radiographic features to standardise the
readings.13 Joint space narrowing (lateral and
medial) and osteophytes (the largest of femoral
or acetabular in both superior and inferior
positions) were graded on a 0–3 scale where
0=none, 1=mild, 2=moderate, and 3=severe or
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large, respectively. Subchondral sclerosis, cysts,
and femoral neck deformity were graded as
present or absent. Inter-rater reliability among
readers was good to excellent: intra-class
correlation = 0.82 for narrowing and 0.74 for
osteophytes; ê = 0.67 for sclerosis and 0.70 for
cysts.12 13 Definite joint space narrowing was
present if the minimal joint space was 2.5 mm
or less and the semi-quantitative grade was 2 or
3. Definite osteophytes correspond to grade 2
or 3. Scores of ≥2 were considered definite for
narrowing or osteophytes because this cut oV
point had higher inter-rater reliability (ê = 0.71
and 0.65, respectively) than did scores ≥1 (ê =
0.50 and 0.46).
A summary grade from 0–4 for radiographic

hip OA was defined for each hip in terms of the
combination of radiographic features present.14

Grade 2 for radiographic hip OA required the
presence of either definite osteophytes or joint
space narrowing plus at least one other feature
that included cysts or sclerosis. We considered
grade 2 or greater to be positive for
radiographic hip OA, and grade 3–4 to be
moderate to severe disease. Inter-rater reliabil-
ity among the three readers for the summary
grade was also good to excellent: intra-class
correlation = 0.87 for the 0–4 score and ê =
0.71 for a score of 0–1 versus 2–4. This
summary grade has been shown to be highly
correlated with self reported hip pain,15

decreased hip range of motion and hip abduc-
tor strength,16 higher bone mineral density,14

and the presence of hand OA.17

Pelvic radiographs were read by one of two
primary readers (NEL, MCH). Radiographs
with definite osteophytes or definite narrowing
in either hip were also assessed by the second
reader (97 or 19.5% of the films).
Disagreement between the two readers in the
summary grade assigned to either hip was
resolved in a consensus reading of the pelvic
film with both readers present (15 or 5.6% of
films).

ACETABULAR MEASUREMENTS

Acetabular anatomy was assessed from a
random sample of radiographs of 165 women
with evidence of definite radiographic hip OA
(summary grade of 2–4 in at least one hip) and
88 control women without hip OA. In this
group of 253 pelvic radiographs, two right hips
and six left hips could not be scored for OA
because of either poor radiographic quality or a
unilateral total hip replacement. Two measure-
ments were made on each hip: the centre edge
angle as defined by Wiberg17 and acetabular
depth as defined by Murray6 using methods
adapted from previous studies.9 10 The centre
edge angle is formed by (a) a vertical line
drawn from the centre of the femoral head at
right angles to the line joining the two femoral
head centres and (b) a line from the centre of
the femoral head to the lateral edge of the
acetabular roof. The centre of the femoral head
was determined using a transparent paper with
concentric circles drawn on it. The centre edge
angles were measured using a transparent plas-
tic protractor. EVorts were made to identify
and exclude any lateral acetabular osteophytes.

Where this was unclear, we followed Wiberg’s
rule of taking the point where the dense
acetabular ‘eyebrow’ finishes as the lateral
margin of the roof. Acetabular depth was
measured as the perpendicular distance from
the deepest point of the acetabular roof to the
line joining the lateral margin of the acetabular
roof and the upper corner of the symphysis
pubis on the same side. This method also
requires careful exclusion of lateral osteophytes
in identifying the margin of the roof.
Following the approach used in previous

studies, an abnormal centre edge angle
indicating acetabular dysplasia was defined as
less than 25 degrees and an abnormal acetabu-
lar depth as less than 9 mm.6 9 11

REPEATABILITY

After training conducted by an experienced
investigator (CC), both interobserver and
intraobserver reliability of the two measure-
ments of acetabular dysplasia were established
between the trainer and the rater informally by
the trainer (CC). The rater then carried out all
of the measurements on the 253 radiographs.

STATISTICAL ANALYSIS

The distributions of demographic and body
composition variables were compared between
the OA and control groups. The prevalence of
acetabular dysplasia in the cases of OA and
controls was then calculated and the
association between acetabular dysplasia and
hip OA was determined using multiple logistic
regression analyses. Two series of analyses were
run: one series of three multiple logistic regres-
sion analyses with subjects as the unit of analy-
sis, and one series of three multiple logistic
regression analyses with hips as the unit of
analysis. For the hip based analysis, hips
(n=82) with a summary grade of one were
excluded from this analysis to maximise the
contrast between the hip OA group and the
control group. This yielded approximately
equal numbers of hips with OA (n= 219) and
without OA (n=195) with complete data on
acetabular dysplasia. Three analyses per series
result from the fact that we had three predictor
variables of interest: centre edge angle,
acetabular depth, or acetabular dysplasia. Each
analysis examined the association of hip OA
with one of the dichotomous predictor
variables of interest, with age and investiga-
tional site as covariates. Odds ratios and 95%
confidence intervals (CI) were calculated from

Table 1 Patient characteristics of the study population
with no radiographic hip OA and radiographic hip OA

Variables
No OA
(n=88) OA (n=165) p Values

Age (y) 71.0 (4.7) 72.4 (5.5) 0.05
Height (cm) 159.4 (5.5) 160.3 (5.9) 0.24
Weight (kg) 66.1 (12.2) 68.3 (12.9) 0.19
BMI 26.1 (4.9) 26.6 (4.7) 0.42
Hip pain, (past
year) 26% 40% 0.03

Current smoker 9% 10% 0.86
Current oestrogen 11% 10% 0.68

Data shown as mean (SD).
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the estimated regression coeYcients and their
standard errors. The 5% level of statistical sig-
nificance was used.

Results
Women whose pelvic radiographs were
assessed for measures of acetabular dysplasia
had a mean (SD) age of 72 (5.3) years, mean
(SD) weight of 67.4 (12.6) kg, mean (SD)
height of 159.9 (5.8) cm, and mean (SD) body
mass index of 26.4 (4.8). Women with hip OA
were significantly older than those without hip
OA (p<0.05) (table 1). There were no other
significant diVerences in the means of these
variables between women with hip OA and
those without.
The mean (SD) centre edge angle of 251

evaluable right and 247 evaluable left hips was
35.5 (6.5) degrees and 37.1 (6.7) degrees,
respectively. Ten (4.0%) right and six (2.4%)
left hips had an abnormal centre edge angle, or
less than 25 degrees. The mean (SD) acetabu-
lar depth was 11.9 (2.9) mm and 12.2 (3.1)
mm for the right and left hips, respectively.
Thirty three (13.1%) right and 22 (8.9%) left
hips had an abnormal acetabular depth, or less
than 9 mm. Acetabular dysplasia (abnormal
centre edge angle or acetabular depth) was
present in 38 (15.1%) right and 26 (10.5%)
left hips.
Neither of the measures of acetabular

dysplasia, nor the two measures combined,
were significantly associated with the presence
of hip OA in the subject based analyses (table
2) or in the hip based analyses (table 3). The
mean centre edge angle was significantly
greater in hips with OA compared with normal
hips, but there was no diVerence in mean
acetabular depth (table 3).

Discussion
These data do not support the hypothesis that
subclinical acetabular dysplasia is associated
with hip OA in elderly white women. However,
we are unable to exclude the possibility that the

presence of mild acetabular dysplasia is associ-
ated with a small increase in the risk of
radiographic changes of hip osteoarthritis in
older women.
Clinical studies have suggested that congeni-

tal and developmental diseases of the hip,
including congenital dislocation/subluxation,
slipped capital femoral epiphysis, and
Legg-Calve-Perthe’s disease, may predispose
to premature hip OA.5–8 19 These disorders are
too uncommon to explain a large proportion of
cases in the elderly,2 and it is probable that
women with these conditions would present
with clinical signs of hip OA at younger ages.
Subclinical acetabular dysplasia has also been
suggested to be a risk factor for hip OA in older
adults, being present in between 25 and 40 per
cent of cases in two large series.6 7 The
hypothetical mechanism to explain this
association is the presence of a subtle
biomechanical abnormality, secondary to
either joint incongruity or decreased joint sur-
face area, which increases joint stresses in the
superolateral acetabular rim. Indeed, Wilson
and Poss 5 stated that ‘Deformity of the
acetabulum, usually caused by childhood
acetabular dysplasia, accounts for 25% to 35%
of adult cases of OA of the hip, with a male-to-
female ratio of 1:10.’
The results of this study are similar to those

of several previous studies in failing to lend
support to this hypothesis. These studies did
not find a significant relation between
measures of mild acetabular dysplasia and
radiographic hip OA in elderly women 10 or in
men.9 11 The number of cases of hip OA in
these studies was small and statistical power to
detect an association with dichotomous
measures of an abnormally shallow acetabu-
lum may have been limited. Nevertheless, the
mean centre edge angle and acetabular depth
were inversely associated with the severity of
joint space narrowing,9 10 and tended to be
greater in hips with OA compared with normal
hips,9–11 the opposite of the hypothesised
relation. Indeed, in the two studies that exam-
ined this 9 11 the prevalence of abnormal centre
edge angle and acetabular depth was lower in
hips with OA compared with normal hips.
Our study has several limitations. While we

had a power of 80% (alpha = 0.05, two sided)
to detect very small diVerences in the mean
centre edge angle (1.8 degrees) and acetabular
depth (0.8 mm) between hips with and without
OA, our power to detect associations between
some of the dichotomous measures of hip dys-
plasia and OA was limited. For example, in hip
based analyses our power to detect a doubling
of the prevalence of mild dysplasia in hips with
OA (corresponding to an odds ratio of
approximately 2) was 18% for abnormal centre
edge angle, but was 72% for abnormal
acetabular depth and 83% for acetabular
dysplasia (alpha = 0.05, two sided for all calcu-
lations). Our power was somewhat less for sub-
ject based analyses, but odds ratios were
similar for both analyses. If the true magnitude
of the association between abnormal hip
geometry and OA was what we actually
observed (odds ratios of 1.3 to 1.5) our study

Table 2 Measures of acetabular dysplasia by presence of radiographic changes of hip OA
(subject based analysis)

Subjects with ≥1
grade 2–4 hip
(n=158) (%)

Subjects with grade 0
hips (n=88) (%) OR (95% CI)

Centre edge angle <25° 8 (5.1) 4 (4.5) 1.14 (0.32, 4.00)
p=0.84

Acetabular depth <9 mm 29 (18.4) 12 (13.6) 1.42 (0.68, 2.98)
p=0.35

Acetabular dysplasia 33 (20.9) 15 (17.0) 1.27 (0.64, 2.51)
p=0.49

Table 3 Measures of acetabular dysplasia by presence of radiographic changes of hip OA
(hip based analysis)

Grade 2–4
(n=219)

Grade 0
(n=195) OR (95% CI)

Centre edge angle (mean°, SD) 36.7 (7.6) 35.4 (5.7)* NA
Centre edge angle <25° (%) 9 (4.1%) 5 (2.6%) 1.43 (0.46, 4.46)

p=0.54
Acetabular depth (mm, SD) 12.2 (3.2) 11.9 (2.5) NA
Acetabular depth <9 mm 28 (12.8%) 18 (9.2%) 1.47 (0.78, 2.77)

p=0.24
Acetabular dysplasia 32 (14.6%) 22 (11.3%) 1.33 (0.74, 2.40)

p=.034

*P<0.05, t test compared with grade 2–4.
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would have required a much larger sample size
to detect such an association. Nevertheless, the
clinical significance of an association of this
magnitude is uncertain. It is possible that other
aspects of abnormal hip geometry not assessed
in this or previous studies are risk factors for
hip OA in the elderly.20 Hip OA may change
femoral and acetabular geometry, increasing
both the acetabular depth and centre edge
angle.10 Prospective studies are needed that
measure geometry before the development of
hip OA.19 Total hip arthroplasty for treatment
of early hip OA would have prevented
evaluation of hip geometry and hip OA for this
study. As we studied only elderly people, our
study cannot resolve whether mild acetabular
dysplasia is an important cause of early hip OA
in younger women.
This study diVers from previous reports that

have examined this possible association. The
subjects in this study were volunteers selected
from population based lists who were
participating in a longitudinal cohort study of
factors associated with osteoporotic fractures.
In addition, this study used an eYcient nested
case control study design with a random
sample of pelvic radiographs enriched with
cases of hip OA. This contrasts with previous
studies, which examined the association of
acetabular dysplasia with hip OA in patients
with medical conditions that required an intra-
venous urogram wherein there was a low pre-
valence, and therefore few cases, of hip OA 9–11

and with studies of surgical case series of
patients with hip OA and no comparison
group.5–8 Mean values for centre edge angle, and
the prevalence of abnormal values, in our study
were similar to that of previous studies.9–11 21

Values for acetabular depth, and the prevalence
of abnormals, were similar to that in Hong Kong
Chinese men,11 but less than observed in British
women 10 and men.9

In summary, we failed to detect an association
of subclinical acetabular dysplasia with hip OA in
elderly white women. Our results, and those of
previous studies, suggest that mild acetabular
dysplasia is not a common or important cause of
hip OA in the elderly population.
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