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Acetabular Development in the Contralateral Hip
in Patients with Unilateral Developmental

Dysplasia of the Hip
By D. Kobayashi, MD, S. Satsuma, MD, R. Kuroda, MD, and M. Kurosaka, MD

Investigation performed at Kobe Children’s Hospital, Kobe, Japan

Background: Adult patients may present with acetabular dysplasia without a history of developmental dysplasia of the
hip. The purpose of the present study was to clarify the development of primary acetabular dysplasia in patients under the
age of eighteen years by evaluating the contralateral hip in those with unilateral developmental dysplasia of the hip.

Methods: Radiographs of the contralateral hip of eighty-eight patients with unilateral developmental dysplasia of the hip
were reviewed retrospectively. The center-edge angle was measured at the age of eighteen years. The primary acetabular
dysplasia group included hips with a center-edge angle of <20�, and the normal group included hips with an angle of ‡20�.
The acetabular index at the age of three years, the center-edge angle between the ages of three and eighteen years, and
the acetabular angle of Sharp between the ages of six and eighteen years were measured.

Results: According to our classification system, twelve hips (13.6%) were assigned to the primary acetabular dysplasia
group. At the age of three years, there were no significant differences between the two groups radiographically. A
significant difference in the center-edge angle between the two groups was seen at each evaluation period after the age of
six years. However, twenty-two patients in the normal group had poor acetabular coverage and three patients in the primary
acetabular dysplasia group had good acetabular coverage at the age of nine years. After the age of nine years, im-
provements in the center-edge angle and the acetabular angle of Sharp were noted in the normal group, whereas no
acetabular growth was seen in the primary acetabular dysplasia group. There was no patient with a center-edge angle of
<15� at the age of twelve years in the normal group.

Conclusions: After the age of six years, a difference in acetabular growth develops between patients with primary
acetabular dysplasia and those with normal hips. However a final prognosis for acetabular development appears to be
difficult to determine until the age of twelve years.

Level of Evidence: Prognostic Level II. See Instructions to Authors for a complete description of levels of evidence.

T
here is general agreement that acetabular dysplasia is a
major risk factor for osteoarthritis of the hip. Acetabular
dysplasia is usually classified into two groups: (1) ace-

tabular dysplasia due to a dislocated or subluxated hip in which
there is poor congruity between the femoral head and the ac-
etabulum, and (2) acetabular dysplasia due to the inadequate
intrinsic growth potential of the acetabulum in a patient
without hip dislocation or subluxation. We use the term pri-
mary acetabular dysplasia to refer to acetabular dysplasia at
skeletal maturity in a patient without a previously dislocated or
subluxated hip. The natural course of acetabular development
in the dislocated hip after closed or open reduction has been

reported previously1-6. However, only a few attempts have been
made to clearly understand the natural course of primary
acetabular dysplasia. The present study used data on the con-
tralateral unaffected hip in patients with unilateral develop-
mental dysplasia of the hip to provide information about the
natural history of acetabular development in patients with
primary acetabular dysplasia.

Materials and Methods

One hundred and thirty-seven patients without neurolog-
ical or other musculoskeletal disorders were seen at our

institution with an initial diagnosis of unilateral developmental
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dysplasia of the hip between 1973 and 1991. Each child was
required to have both clinical and radiographic follow-up from
infancy to the age of eighteen years. Forty-seven patients were
excluded because they did not have adequate follow-up
radiographs for review. All of those patients were lost to follow-
up because of personal reasons. We also excluded two patients
who presented with subluxation in the uninvolved hip at the
first visit. Therefore, all of the hips that were evaluated in the
present study were both radiographically and clinically normal
at the first visit. Eighty-eight hips in eighty-eight patients with
unilateral developmental dysplasia of the hip that was diag-
nosed during infancy were included in our study and were
reviewed retrospectively. The normal hip was the left hip in
sixty-two patients and the right hip in twenty-six patients. The
study group included eighty-one girls and seven boys with an
average age of 3.4 months (range, one month to one year and
two months) at the time of the first observation. Procedures to

reduce the dislocated hip included the use of a Pavlik harness
(forty-five hips), open reduction (twenty-five), closed reduc-
tion with traction (eleven), and closed reduction without
traction (seven). Additional surgical procedures on the affected
hip that were performed after or simultaneously with reduction
included four femoral osteotomies and fifteen pelvic osteot-
omies. No surgical procedure was performed on the normal
hip. Two pediatric orthopaedists (D.K. and S.S.) clinically
evaluated the patients both initially and throughout the treat-
ment periods.

The hips without developmental dysplasia of the hip
(the contralateral hips) were periodically assessed with radio-
graphs. The center-edge angle of the contralateral hip was
measured at the ages of three, six, nine, twelve, fifteen, and
eighteen years. The center of the femoral head in younger
patients was determined with use of the Wiberg method7. The
acetabular angle of Sharp (the Sharp angle)8 in the contralat-
eral hip was measured at the ages of six, nine, twelve, fifteen,
and eighteen years, and the acetabular index was measured to
evaluate the degree of dysplasia at the age of three years be-
cause the Sharp angle at this age was considered to be unre-
liable. In addition, we assessed radiographs to confirm that the
secondary ossification center had appeared, with particular
attention to the period between the ages of nine and fifteen
years. All measurements were made by one investigator (D.K.).
At the age of eighteen years, all patients were classified into one
of two groups on the basis of the radiographic appearance of
the hip: (1) the primary acetabular dysplasia group (center-
edge angle, <20�) or (2) the normal group (center-edge angle,
‡20�). The developmental change of the center-edge angle and

TABLE I Center-Edge Angle and Sharp Angle at Eighteen

Years of Age

Center-Edge
Angle*

Sharp
Angle*

Normal group
(n = 76)

28.2� ± 5.2� 42.5� ± 3.0�

Primary acetabular
dysplasia group (n = 12)

14.5� ± 4.6� 47.6� ± 3.2�

*The values are given as the mean and the standard deviation.

Fig. 1

Line graph illustrating developmental changes in the center-edge (CE) angle in the normal group and

the primary acetabular dysplasia (PAD) group.
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the Sharp angle in each group was evaluated and compared at
each period.

Statistical Analysis
Data were analyzed statistically with use of the Student t test.
Paired analysis was performed for comparisons of develop-
mental growth in individual patients, and unpaired analysis
was performed for comparisons between groups. The level of
significance was set at p < 0.05.

Source of Funding
There was no external funding source in this investigation.

Results
Final Evaluation of Contralateral Hips

The mean center-edge angle (and standard deviation) of the
contralateral hip at the age of eighteen years was 25.9� ±

7.4� (range, 7� to 42�), and the mean Sharp angle at the age of
eighteen years was 43.3� ± 3.5� (range, 36� to 52�). No femoral
deformity (osteonecrosis or proximal femoral growth arrest)
and no signs of osteoarthritis were found in any of the con-
tralateral hips. Of the eighty-eight hips in our study, twelve
(13.6%) were assigned to the primary acetabular dysplasia

group (Table I). In the primary acetabular dysplasia group, the
average center-edge angle was 14.5� ± 4.6� (range, 6� to 19�)
and the average Sharp angle was 47.6� ± 3.2� (range, 43� to
52�). In the normal group, the procedures for reducing the
dislocated hip included a Pavlik harness (forty hips), open
reduction (twenty-two), closed reduction with traction (nine),
and closed reduction without traction (five). In the primary
acetabular dysplasia group, the procedures for reducing the
dislocated hip included a Pavlik harness (five hips), open re-
duction (three), closed reduction with traction (two), and closed
reduction without traction (two).

Acetabular Index and Center-Edge Angle at the Age of
Three Years
The mean acetabular index at the age of three years was 26.3� ±
4.6� (range, 17� to 35�) in the primary acetabular dysplasia
group and 24.1� ± 4.1� (range, 18� to 32�) in the normal group;
with the numbers studied, this difference was not significantly
different. Only two hips in the primary acetabular dysplasia
group had an acetabular index of >30� at this age.

The mean center-edge angle at the age of three years was
10.0� ± 5.2� (range, 1� to 17�) in the primary acetabular dys-
plasia group and 11.4� ± 6.0� (range, 25� to 20�) in the normal

TABLE II Percentage of Patients with an Abnormal Center-Edge Angle (<20�) in Each Period

3 Years 6 Years 9 Years 12 Years 15 Years

Normal group (n = 76) 94.7% 39.5% 28.9% 6.6% 1.3%

Primary acetabular dysplasia group (n = 12) 100% 91.7% 75% 83.3% 91.7%

Fig. 2

Line graph illustrating developmental changes in the Sharp angle in the normal group and the primary

acetabular dysplasia (PAD) group.
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group; with the numbers studied, this difference was not sig-
nificant. Three patients in the primary acetabular dysplasia
group had a center-edge angle of >15�.

Developmental Change of the Center-Edge Angle
The developmental changes in the center-edge angle after the
age of three years in both groups are demonstrated in Figure 1.
A significant difference in the center-edge angle between the
two groups was noted at each evaluating period (p < 0.05) after
the age of six years. In the normal group, a significant increase
in the center-edge angle was observed between the ages of three
and six years, between the ages of six and nine years, and between
the ages of nine and twelve years, whereas in the primary ace-
tabular dysplasia group, no significant increase in the center-
edge angle was seen after the age of nine years. However,
twenty-two patients in the normal group had poor acetabular
coverage and three patients in the primary acetabular dysplasia
group had good acetabular coverage at the age of nine years.
The percentage of patients with an abnormal center-edge angle
(<20�) in both groups at each time period is shown in Table II.
The most remarkable difference between patients in the pri-
mary acetabular dysplasia group and those in the normal group
was poor hip development after the age of nine years in the
primary acetabular dysplasia group. In the normal group, the
center-edge angle increased after the age of nine years, but in

the primary acetabular dysplasia group, there was no further
improvement in the center-edge angle. There was no patient
with a center-edge angle of <15� at the age of twelve years in the
normal group.

Developmental Change in the Sharp Angle
The developmental changes in the Sharp angle in both groups
are demonstrated in Figure 2. No significant difference between
the normal group and the primary acetabular dysplasia group
was found at the ages of six or nine years. After that, the ten-
dency in the changes in the Sharp angle was almost the same as
those noted above for the center-edge angle. There was a sig-
nificant (p < 0.05) difference between the two groups at each
time period after the age of twelve years. In the normal group, a
significant decrease in the Sharp angle was noted at each in-
terval from the ages of six to twelve years. In the primary
acetabular dysplasia group, no significant change in the Sharp
angle was seen throughout this observation period.

Secondary Ossification Center
A secondary ossification center at the acetabular rim was rec-
ognized in eighty-two patients (93.2%); in all cases, the sec-
ondary ossification center appeared before the age of twelve
years. In six patients, all in the primary acetabular dysplasia
group, no secondary ossification center was seen.

Fig. 3-A

Figs. 3-A, 3-B, and 3-C Anteroposterior pelvic radiographs showing both hips in a girl with an initial diagnosis of unilateral

(left) hip dysplasia. Fig. 3-A At the age of four months, the right hip had a normal appearance.
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Illustrative Case
A four-month-old girl had developmental dislocation of the
left hip (Fig. 3-A). Clinical examination revealed a positive
Ortolani sign in the left hip only. Radiographic examination
revealed dislocation of the left hip but no sign of dislocation or
subluxation of the right hip. The left hip was reduced and
treated with a Pavlik harness for three months. At the age of
three years, the acetabular index of the unaffected hip was 27�
and the center-edge angle was 6� (Fig. 3-B). Between the ages
of three and six years, no increase in the center-edge angle was
observed in either hip. A Salter innominate osteotomy was
performed on the affected hip at the age of six years and one
month. In the unaffected hip, there was a slight increase in the
center-edge angle and a decrease in the Sharp angle between the
ages of six and nine years; however, there was no further im-
provement of the acetabulum with age. At the age of eighteen
years, the center-edge angle was 14� and the Sharp angle was
50�. The patient was classified as having Severin type-III dys-
plasia of the previously apparently unaffected right hip9. Ace-
tabular coverage was better in the affected hip, in which a pelvic
osteotomy had been performed (Fig. 3-C).

Discussion

Several authors have commented on the frequency of bilat-
eral acetabular dysplasia in patients with unilateral devel-

opmental dysplasia of the hip. Song et al.10 stated that 43% of
patients who were diagnosed with unilateral developmental
dysplasia of the hip were eventually diagnosed with bilateral
hip dysplasia, suggesting that occult contralateral hip dysplasia
in adolescents who have been previously managed for unilat-
eral developmental dysplasia of the hip is common. They
therefore recommended continued evaluation of the contra-
lateral hip until skeletal maturity. Jacobsen et al.11 reported that
34% of patients with unilateral dislocation of the hip had de-
velopment of contralateral acetabular dysplasia, confirming
that patients with unilateral developmental dysplasia are at risk
for the development of a contralateral dysplastic malfor-
mation. The present study, in which 13.6% of the patients with
unilateral developmental dysplasia of the hip had development
of primary acetabular dysplasia, seems to suggest a lower fre-
quency than both of those reports. However, our findings
suggest that the contralateral hip in a patient with unilateral
developmental dysplasia of the hip may have poor acetabular
development. It is thus likely that primary acetabular dysplasia
exists in some children who have no history of developmental
dysplasia of the hip as infants. Therefore, the true incidence of
primary acetabular dysplasia in the normal population remains
unknown.

Some authors have noted the relationship between ace-
tabular growth and proximal femoral anatomy12-14. A large

Fig. 3-B

Anteroposterior pelvic radiograph made at the age of three years. The acetabular index of the right (unaffected) hip was

27�, and the center-edge angle was 6�.
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neck-shaft angle and anteversion of the femur may result in
poor acetabular coverage. In the present study, no patient had
an obvious femoral deformity on the anteroposterior hip ra-
diograph. To confirm the relationship between proximal fem-
oral anatomy and primary acetabular dysplasia, a prospective
study involving the use of computed tomography is required.

An investigation of the influence of the method of
treatment of developmental dysplasia of the hip on future ac-
etabular growth would be of interest. In the present study, there
was no clear difference in the primary acetabular dysplasia
group among the various treatments for developmental dys-
plasia of the hip, but the number of subjects may have been too
small to allow us to detect a difference. Osteonecrosis of the
femoral head is considered to be a major risk factor for ace-
tabular growth, but there were no patients in the present study
with femoral growth disturbance of the contralateral hip.

Does primary acetabular dysplasia present at birth,
during infancy, or at an older age? Bolton-Maggs and Crab-
tree15 reported on developmental growth in the contralateral
hip in patients with a unilateral congenitally dislocated hip. In
that study, the authors stated that the center-edge angle was the
best prognostic sign; however, they also noted that a single
measurement was unreliable for predicting hip development
because of the wide range of normal. In the present study,
acetabular coverage at the age of three years revealed no dif-

ference between the primary acetabular dysplasia group and
the normal group. Patients with a poor acetabular index (>30�)
at the age of three years may or may not develop poor ace-
tabular coverage. In contrast, two patients with a center-edge
angle of 17� at the age of three years joined the primary ace-
tabular dysplasia group at skeletal maturity, which suggests we
cannot predict the future growth of the acetabulum at this early
age. After the age of six years, a significant difference in the
center-edge angle was found between the normal group and the
primary acetabular dysplasia group. Thus, it seems reasonable
to propose that primary acetabular dysplasia presents after the
age of six years. However, some patients in the primary ace-
tabular dysplasia group had good radiographic acetabular
coverage at the age of six years, so even at this age a complete
prediction of future acetabular growth seems difficult. The
critical point was the center-edge angle at the age of twelve
years. Patients with a center-edge angle of <15� at the age
of twelve years did not develop a normal acetabulum.
Fredensborg16 reported that, in children under the age of twelve
years, a minimum center-edge angle value of 15� might be a
reasonable threshold for normality and an angle of between 15�
and 20� should be considered uncertain. Our findings seem to
support the theory that prediction of the presence of primary
acetabular dysplasia is possible after the age of twelve years. We
found that the center-edge angle is a more reliable indicator for

Fig. 3-C

Anteroposterior pelvic radiograph made at the age of eighteen years. A Salter osteotomy of the left hip had been performed

at the age of six years. Acetabular dysplasia is noted in the previously apparently unaffected right hip.
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acetabular dysplasia than the Sharp angle is, as shown in the
difference between the two groups presented earlier. However,
in the normal group, only 60.5% of the patients had a normal
center-edge angle at the age of six years, whereas in the primary
acetabular dysplasia group, 91.7% of the patients had an ab-
normal center-edge angle at the age of six years. At younger
ages, the center-edge angle had a high sensitivity but not a high
specificity for acetabular dysplasia; however, after the age of
nine years, both the sensitivity and the specificity of the center-
edge angle increased.

In contrast to the considerable acetabular growth that
occurred in the normal group after the age of nine years, ace-
tabular growth in the primary acetabular dysplasia group was
extremely poor. Ponseti17, in his anatomical, histological, and
roentgenographic study, reported that the depth of the ace-
tabulum increases during development as a result of interstitial
growth in the acetabular cartilage, appositional growth at the
periphery of this cartilage, and periosteal new-bone formation
at the acetabular margin. Noritake et al.2 noted that the im-
pairment of acetabular growth between the ages of eight and
twelve years may be attributable to impaired secondary ossifi-
cation in the acetabular rim. The present study showed that, in
the normal group, the acetabulum developed from a secondary
ossification center that appeared at the acetabular rim before
the age of twelve years, whereas in the primary acetabular
dysplasia group, a secondary ossification center was not ob-
served in six of the twelve patients. The appearance of a sec-
ondary ossification center at the acetabular rim in the normal
group was associated with an increase in the center-edge angle
and a decrease in the Sharp angle between the ages of nine and
twelve years. It is thus possible to conclude that absent or poor
formation of a secondary ossification center may be a major
cause of primary acetabular dysplasia.

Our data were obtained from the contralateral hip in
patients with unilateral developmental dysplasia of the hip;
therefore, we cannot be certain that these results reveal the true
natural history of primary acetabular dysplasia. Currently, the
Severin classification system9 is used to evaluate the results of
procedures used for the treatment of developmental dysplasia
of the hip, such as open reduction, closed reduction, use of a
Pavlik harness, and several types of hip osteotomies. According
to this classification system, patients with a center-edge angle of
<15� between the ages of six and fourteen years and of <20�
after the age of fourteen years are classified as having Severin
type-III dysplasia, which constitutes the poor results group.
However, considering the poor acetabular growth of patients
with primary acetabular dysplasia, even if the treatment of
developmental dysplasia of the hip is performed perfectly, the
ultimate result may not be good acetabular coverage in all
patients. Because acetabular coverage cannot be expected to
increase by more than the developmental potential of each
patient, it is important to consider the presence of primary
acetabular dysplasia when evaluating the results of treatment of
developmental dysplasia of the hip.

How should we treat primary acetabular dysplasia? Al-
though acetabular dysplasia can lead to osteoarthritis, it is also

possible that some patients with primary acetabular dysplasia
may develop osteoarthritis as early as adolescence. This would
seem to indicate the need for early acetabular osteotomy sur-
gery. However, the present study showed that the center-edge
angle and the Sharp angle are unreliable predictors of primary
acetabular dysplasia before the age of twelve years. Thus, pelvic
osteotomy probably should be delayed at least until the age of
twelve years to avoid excessive surgery. Some authors have
reported a relationship between acetabular dysplasia and the
progression of osteoarthritis. Murphy et al.18 reported that no
patient with a center-edge angle of <16� had a well-functioning
hip at the age of sixty-five years. Cooperman et al.19 reviewed
various hip parameters (including the center-edge angle, the
Sharp angle, the percentage of femoral head coverage by the
acetabulum, the acetabular depth, and the inclination of the lat-
eral lip of the acetabulum), but none of those indicators proved
to be a reliable prognostic aid for predicting the rate at which
osteoarthritis developed in any one patient. This supports the
notion that the choice of treatment for young patients with no
symptoms and moderate or severe acetabular dysplasia is diffi-
cult. A long-term prospective randomized study will be needed
to provide objective criteria to assist in this difficult surgical
decision-making process.

In summary, we have documented the existence of pri-
mary acetabular dysplasia in adolescence in 13.6% of patients
who previously presented with unilateral developmental dys-
plasia of the hip. Many patients with primary acetabular dys-
plasia showed a normal radiographic appearance at the age of
three years. Therefore, a normal radiographic appearance of the
hip at this age does not rule out the possibility of acetabular
dysplasia at skeletal maturity. Acetabular growth showed slower
development in the primary acetabular dysplasia group as
compared with the normal group, particularly between the ages
of three and six years and between the ages of nine and twelve
years. The critical time point between the normal group and
the primary acetabular dysplasia group was the age of twelve
years. After this age, a complete prediction of acetabular growth
was possible. Therefore, when evaluating the long-term results
of treatment of developmental dysplasia of the hip, one should
keep in mind the possibility of primary acetabular dysplasia in
the contralateral hip. n
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