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Acetabular Morphometry for Determining Hip Dysplasia in the Nigerian Population
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Abstract: This study was aimed at assessing and evaluating the usefulness of seven morphological
measurements of the acetabulum in establishing the prevalence of acetabular dysplasia. Standardized plain
anteroposterior radiographs of one hundred and fifty (150) hip joints were evaluated. The seven
morphological measurements were centre-edge angle, acetabular angle, depth-to-width ratio, roof obliquity,
extrusion index, lateral subluxation, and peak-to-edge distance. Ten (8.33%) of female patients and 4
(13.3%) of male patients had acetabular dysplasia. The mean centre-edge angles of females on the right
side and left side were 32.17 (range 15-46) and 33.98 (range15-42) while those of the males were 32.43
(range 20-52) and 34.8 (range 22-49). The mean acetabular angles on the right and left side were 35.66 
(range 30-50) and 36.65 (range 29-56) for females and 34.47 (range29-43) and 35.60 (range25-42) for
males, depth-to-width ratio 0.44 ( range0.25-0.63) and 0.46 (range 0.32-0.67) for female, 0.38 (range 0.25-
0.63) and 0.39 (range 0.28-0.50) for males, extrusion index 0.48( range 0.36-0.61) and 0.46( range 0.25-
0.67) for females, and 0.48( range0.34-0.56) and 0.47(range 0.32-0.58) for males, lateral subluxation, 3.96
(1.4-5.3) and 3.87 (1.3-6.0) for females, 4.12( 1.3-6.3) and 4.02(1.3-6.3) for males, roof obliquity, 12.34
(10-25) and 12.74 (10-30 ) for females, 15.8 (7-38) and 16.97 (8-35) for male and peak-to-edge 6.14mm
(3-6.5mm) and 6.14mm (3.1-7.0mm) for females and 6.35mm (2.2-7.4mm) and 6.23mm (2.2-8.4mm) for
males. Center edge angle was the most useful measurement and correlated significantly with acetabular
angle, lateral subluxation, and peak to edge distance. These preliminary results show a relatively higher
rate (13.3%) in male and (8.33%) in females of acetabular dysplasia in the Nigerian population, compared
to white females in Britain (3.4%) and Korean (1.8%). Also males has higher rate of acetabular dysplasia
than females in the Nigerian population.
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INTRODUCTION

Acetabular dysplasia is a condition wherein the
acetabular roof is underdeveloped and remains
vertically oriented and shallow, which results in a
smaller surface available for weight bearing[12]. The
weight bearing surface, therefore receives a much
larger force per unit area during walking and many
experience early degeneration.

The criteria for determining dysplastic hips have
been described previously[11,5]. In this study,
radiographic measurements of the center-edge angle
were used to formulate diagnostic criteria for
differentiating a normal hip from a dysplastic hip.

In a research conducted on hip dislocation, it was
reported that hip dislocation are relatively uncommon
during athletic events, than injuries to small joints
(finger, wrist, ankle, and knee) which are much more
common. However, serious morbidity can be associated
with hip dislocation, making careful and expedient

diagnosis and treatment important for sport medicine
physicians.

It was also noted that large force traumas (e.g.
motor vehicle accidents, pedestrian struck by
automobiles) are most common cause of hip dislocation
(Mitchell et al., 1996). The centre-edge angle was first
described by Wilberg,1939. It is formed by the
intersection of  a line drawn by through the mid-point
of the femoral head and a second line from the centre
of the femoral head to the upper outer margin of the
acetabulum.

Values >25  were considered normal whereas those
of <20  were associated with acetabular dysplasia[3].
The mean center-edge angle of   a normal hip was 37 
for men and 35  for women[11,5].

Although, the center –edge is used to determine
dysplasia, its measurements can sometimes be affected
by pathological conditions of the femoral head, making
it difficult to locate the center. The angle becomes
even more difficult to determine if the hip is subluxed
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[10]. Other measurements are thus worth considering
acetabular angle[10], depth-to-width ratio, extrusion
index, lateral subluxation, and peak to edge distance 
have been used to evaluate hip joint morphometry[1,4].
Therefore, the pelvic antero-posterior radiographs play
an important role in the assessment of the dysplastic
hip[9,2].

The present study was aimed at measuring and
evaluating the morphological norms of the acetabulum
of the Nigerian population in order to understand the
correlation between the various morphological
measurements and criteria for diagnosing hip dysplasia.

MATERIALS AND METHODS

One hundred and fifty (150) antero-posterior adult
radiographs (120 females and 30 males) were taken
from the archives of the Braithwaite memorial hospital
(BMH) Port-Harcourt and the University of Port
Harcourt Teaching Hospital (UPTH). Patients with hip
pain on presentation were excluded. Most were trauma
patients, some had displaced fracture of the femoral
neck, wherein the femoral head remain in its original
position and some had undisplaced intertrochanteric
fracture or fractures of the pubic ramii, some had
fracture of the roof of the acetabulum extending into
the base of the iliac bone, separating the Ilium from
the superior pubic ramus on the right side. The
radiographs were those of indigenous Nigerian resident
in Rivers State.

Standardized pelvic radiographs were taken with
patients in supine position. The x-ray beamed from a
height of one meter and focused over the pubic
symphysis. A transparent template with circle and
scales was placed directly over the radiograph to
correctly the center of the femoral head and to
facilitate and elucidate the various measurements and
angles. This obviated the need to first make a tracing
of the hip joint and then take a measurement.

After identifying the center of the femoral head, a
vertical line was drawn through this point. The angle
subtended by this line to the line joining the center to
the outermost edge of the acetabulum was the center
edge angle (figure1a). A measurement of <20  was
considered dysplasia[5]. The angle subtended by the line
joining the outermost ossified edge portion of the
acetabulum to the pelvic teardrop was Sharp’s
acetabular angle (figure1b). A measurement of >43 
was considered dysplasia[10] Depth-to-width ratio was
measured using Heymans’s method[6]. Width was
measured by a line joining the lateral edge of the
acetabulum to the pelvic teardrop. The depth was
measured by another line perpendicular to this line at
the point of acetabular depth (figure 1c). The extrusion
index was a ratio of two measurements: the horizontal 

distance between the vertical lines drawn through the
medial and lateral edge of the femoral head and the
distance between the lateral edge and the outer edge of
the acetabular (figure1d). Lateral subluxation was the
distance between the teardrop and medial most edge of
the femoral head (figure1e). Roof obliquity was the
angle subtended by the line connecting the inferior-
most edge of the roof of the acetabulum to the lateral
most edge of the acetabulum with a parallel horizontal
line (figure1 f). A measurement <20  was considered
dysplasia (Massie and Howorh, 1950). Peak-to-edge
distance was the horizontal distance between the lateral
edge of the acetabulum and most vertical point of the
sourcil (figure1g)

RESULTS AND DISCUSSIONS

The result of the study were analyzed and
presented in tables 1-3. The mean and standard
deviation of the 7 measurements were shown in table
1. The right and left center edge angles were correlated
with other measurements among dysplastic patients.
Center edge correlated strongly with right  and left
acetabular angle, right and left lateral subluxation and
right peak-edge distance, in the dysplastic group (table
2). Table 3 shows the percentage of normal and
dysplastic patients. These preliminary results show a
relatively higher rate of acetabular dysplasia in males
(13.3%) than females (8.33%) in the Nigerian
population.

Discussions: The prevalence of acetabular dysplasia
has been reported as 4.5% in Chinese man, 3.4% white
female in Britain, 1.8% in the Korean population, 2.4%
in Turkish population[12]. The study of acetabular
dysplasia in the present Nigerian study was 8.33% in
females and 13.3% in males which was much higher
than the British[13], Korean[4], Chinese and Turkish
populations. This suggests that hip joint morphometry
may show geographical differences.

The main center edge angle was 36  in a Swedish
population, 35  in a United State population. Among
the Japanese population, the mean center edge angle
has been reported as various notably lower
measurements 32.2 ±6.4 and 30 ±6.2. The Korean
population were said to have center edge angles 0f
32.6 ±5.7[4]. In the present study, the mean center edge
angle of male on the right side was 32.43 ±7.74 and
34.80 ±6.99 on the left side while those of the female
on the right and left sides were 33.17 ±6.80 and 33.98
±6.09 respectively.

The acetabular angle is one of the most common
radiographic measurements used to assess  acetabular
dysplasia. Nakamura,1989 reported mean acetabular
angles of 37.3 ±3.7 for males and 38.6 ±3.4 for
females Japanese.
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Fig. 1: The 7 morphological measurements for acetabular dysplasia: (a) center-edge angle, (b) acetabular angle,
(c) depth-to-width ratio, (d) extrusion index (A/A+B), (e) lateral subluxation, (f) roof obliquity, (g) peak-
to-edge distance.

Table 1: Table showing the comparison of the 7 measurements between sexes
MALE FEMALE
------------------------------------------------------------ -----------------------------------------------------------
Mean±SD(R) Mean±SD(L) Mean±SD(R) Mean±SD(L)

Center-edge (E) 32.43±7.74 34.80±6.99 33.17±6.80 33.98±6.09
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Acetabular angle (E) 35.47±4.11 35.60±4.70 36.65±4.61 35.66±4.68
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Depth-width ratio 0.38±0.04 0.39±0.05 0.44±0.06 0.46±0.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Roof obliquity (E) 15.80±8.72 16.97±7.69 12.34±3.69 12.74±4.17
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Extrusion index 0.48±0.003 0.47±0.005 0.48±0.047 0.46±0.057
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lateral subluxation (mm) 4.12±1.27 4.02±1.29 3.96±0.68 3.99±0.67
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Peak-edge-distance(mm) 6.35±1.58 6.23±1.68 6.14±0.36 6.14±0.35
SD= Standard deviation, R=right, L=Left

Table 2: Table showing correlations of right and left center edge angles with other measurements among dysplastic patients.
Patients with right center-edge angle Patients with left center-edge angle
---------------------------------------------------------------- ----------------------------------------------------------------
Mean±SD Correlation p-value Mean±SD Correlation p-value

Acetabular angle (E) 38.5±7.23 0.68 0.014(S) 38.00±6.23 -0.71 0.010(S)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Depth-width ratio 0.40±0.06 -0.475 0.118 0.45±0.06 -0.32 0.311
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Extrusion index 0.50±0.05 0.376 0.228 0.47±0.08 0.54 0.069
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lateral subluxation (mm) 4.06±1.43 0.58 0.048(S) 4.05±1.36 0.83 0.01(S)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Roof obliquity (E) 14.25±4.47 -0.335 0.441 16.08±6.36 -0.72 0.08
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Peak-edge-distance(mm) 6.28±1.24 0.441 0.152 6.29±1.28 0.81 0.001
(S)SD=Standard deviation.  S- Significant

Table  3: Table showing the percentage of normal and dysplastic patients.
SUBJECTS FREQUENCY PERCENTAGE (%)

--------------------------------------------------------------------------- -----------------------------------------------
Normal Dysplastic Total Normal Dysplastic

Male 26 4 30 86.7 13.3
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Female 110 10 120 91.7 8.3
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 136 14 150 90.7 9.3

In the present study, the mean acetabular angles
among Nigerians male on the left side were 35.60
±4.61 and 35.47 ±4.11 on the right side, while that of
females were 36.65 ±4.61 and 35.66 ±4.68 on the right
and left side respectively. This is greater than that of
Korean population.

There was a significant association among
dysplasia patients between the center edge, acetabular
index with other measurements. Although, the number
of dysplastic hip is small(9.3%), it provides the
rationale for considering these measurements as
complementary methods in diagnosis of acetabular
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dysplasia.

Conclusion: Center edge angle was the most useful
measurement and correlated significantly with
acetabular angle, lateral subluxation, and peak to edge
distance. These preliminary results show a relatively
higher rate (13.3%) in male and (8.33%) in females of
acetabular dysplasia in the Nigerian population,
compared to white females in Britain (3.4%) and
Korean (1.8%). Also males has higher rate of
acetabular dysplasia than females in the Nigerian
population.
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