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The Correlations of the Radiological Parameters
of Hip Dysplasia and Proximal Femoral Deformity
in Clinically Normal Hips of a Korean Population

Jeong-Min Park, MD, Gun-Il Im, MD

Department of Orthopaedics, Dongguk University Ilsan Hospital, Goyang, Korea

Background: The aim of this study was to answer the following two questions: 1) Do the radiological parameters of dysplasia
have significant correlations between themselves or with the parameters of the proximal femoral deformity and vice versa? 2) Do
the physical parameters have a significant correlation with the radiological parameters of hip dysplasia and proximal femoral de-
formity?

Methods: Four hundred and twenty eight consecutive patients with no clinical evidence of hip osteoarthritis and who underwent
pelvic radiography in the supine position for hip contusion or a routine health check were analyzed for the relationships between
the center-edge (CE) angle, acetabular depth, acetabular angle, the head-neck ratio and the neck-shaft angle as well as the rela-
tionships of the above-mentioned variables with age, gender, body height and the body mass index.

Results: The CE angle, acetabular depth and acetabular angle showed a strong correlation with each other. The neck-shaft angle
and the head-neck ratio showed no correlation with each other or with the CE angle, acetabular depth and acetabular angle. Age
was positively associated with the CE angle, and inversely associated with the acetabular depth or acetabular angle. Male gender
was significantly associated with the increased neck-shaft angle, and inversely associated with the head-neck ratio.
Conclusions: The radiological parameters of hip dysplasia are all strongly, if not perfectly, inter-correlated. Age was associated
with the radiological parameters of hip dysplasia whereas gender was associated with the radiological parameters of a proximal
femoral deformity.
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Osteoarthritis (OA) of the hip is one of the main causes of ~ overt disease of the femoral head, some minor acetabu-

disability in the elderly. OA has several predisposing fac-
tors including mechanical factors.” Aberrant shapes of the
acetabulum or the proximal femur have been identified as
risk factors for the development of OA in the hip joint.>”
The mechanism leading to the onset of premature OA is
related to increased joint stress and pressure under these
conditions.” Apart from severe acetabular dysplasia and
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lar dysplasia or subtle variations in the proximal femoral
morphology might compromise the joint biomechanics,
which can lead to OA.>” However, the correlation between
one radiological parameter and another, as well as the cor-
relations between physical parameters, such as age, gender,
height and body mass index (BMI), has not been studied
extensively in normal hip joints. This study was conducted
to answer the following two questions: 1) Do the radio-
logical parameters of dysplasia (center-edge [CE] angle,
acetabular depth [AD], and acetabular angle [AA]) have
significant correlations with each other or with the param-
eters of the proximal femoral deformity and vice versa? 2)
Do the physical parameters (age, BMI, height, and gender)
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have significant correlation with the radiological param-
eters of hip dysplasia and proximal femoral deformity?

METHODS

Patients

The study group was comprised of 428 consecutive pa-
tients without clinical evidence of hip OA and who un-
derwent anteroposterior (AP) pelvic radiography in the
supine position for a hip contusion (170, 40%) or for a
routine health check (258, 60%) at our hospital. The group
comprise the same pool of patients who were investigated
in the authors’ previous study.” Those patients with chron-
ic hip pain (= 1 month), symptomatic hip OA, any inflam-
matory arthritis, prior hip pathology or had previously
undergone surgery on their lower extremities were exclud-
ed. The study protocol was approved by the Institutional
Review Board at our institution. The films with incorrect
patient positioning (misalignment of the sacrum-pubic
symphysis vertical axis > 1.5 cm) were also excluded. All
patients had their height and body weight measured, and
their BMI were calculated.

Radiographic Studies

The AP radiographic views of the pelvis were obtained and
standardized for the position of the beam and radiograph-
ic penetration. The patients were placed in the supine po-
sition with their hips both extended and rotated internally
by 15°. The distance between the X-ray tube and cassette
was 100 cm. The central radiographic ray was perpendicu-
lar to the cassette, and was centered 5 cm superior to the
symphysis pubis. Each radiograph was defined as adequate
if there was visualization of the entire joint space between
the femoral head and acetabulum. The radiographic OA
observed on the X-rays was graded using the Kellgren and
Lawrence severity scale.” Patients with more than grade
2 were excluded. All the radiographs were digitized using
picture archiving communication system (PACS) software
(PiViewStar®, Infinit Technology, Seoul, Korea) in our
hospital, and all distances and angles were measured using
the calipers and the goniometer provided by the software.
The software enables straight-line measurements with
an accuracy of 0.01 mm and 0.01°. The CE angle, angle
between the line joining the center of the femoral head to
the lateral margin of the acetabular roof and the line per-
pendicular to the line joining the centers of the femoral
heads were also measured using the goniometer provided
by the software. The acetabular depth, which is greatest
perpendicular distance from the acetabular roof to a line
joining the lateral margin of the acetabular roof and the

upper corner of the symphysis pubis, was also measured.
The AA was formed by the angle between a line connect-
ing the left and right sides of the pelvic teardrop and a
line joining the lateral edge of the acetabular roof and the
inferior tip of the pelvic tear drop. The head-to-neck ratio
was determined by dividing the maximal head diameter
by the minimum parallel neck diameter. The neck-shaft
angle was the angle formed by the mid-cervical axis and
the mid-shaft axis. All measurements were carried out on
the right hips of the patients. All radiographs were read by
a single observer chosen from three competitors based on
reproducibility. The observer was “blinded” to the patients’
information.

Reproducibility

The intraobserver reproducibility was assessed by a ran-
domly chosen subset of 50 radiographs that were read
one month apart. The levels of agreement were qualified
using kappa statistics. The reproducibility of the continu-
ous variables was assessed using the method reported by
Bland and Altman.” The reproducibility of the radiological
parameters was good, and the kappa values were all > 0.7.

Statistical Analysis

SPSS ver. 11 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. The Pearson’s correlation coefficient was
calculated to determine the linear relationships between
the radiological parameters (CE angle, acetabular depth,
head-neck ratio, neck-shaft angle, and pelvic width) and
the physical parameters (age, BMI, height and gender).
Multiple regression analysis was also performed to deter-
mine the association between the physical parameters and
the radiological parameters. p-values < 0.05 were consid-
ered significant.

RESULTS

Four hundred twenty-eight patients (186 males and 242
females) were evaluated. Their ages ranged from 17 to 92
years (mean age, 52.1; SD, 18.5 years). The mean height
and BMI was 162 + 9.7 cm and 23.7 + 3.7 kg/m”, respec-
tively. There were 352, 67, and 9 hips with a Kellgren-
Lawrence grade of 0, 1, and 2, respectively. The mean CE
angle and AD was 37.9 £ 5.6 and 11.6 + 2.7 mm, respec-
tively. The mean AA was 38.1 + 4.2°. The mean head-neck
ratio and neck-shaft angle was 1.45 + 0.13 and 129.6 + 5.1,
respectively (Table 1).

From the results of correlation analysis, the CE an-
gle correlated with the AD (r = 0.405, p < 0.0001), whereas
while was inversely correlated with the AA (r =-0.378, p <
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Table 1. Characteristics of the Study Patients

Total Men Women
No. (%) 428 186 (43.5) 242 (56.5)
Age (yr) 52.1 +18.5(17-90) 475+175 55.6 + 18.5
Height (cm) 162+9.7 (134-185) 170+ 7.1 155+ 18.5
Pelvic width (cm) 208+1.8 (17.1-21.6) 207 +2.1 208+15
BMI (kg/m’) 237+37 (13.1-3856) 243+37 23237
CE angle (degrees) 379+56 (215-61.0) 38.0+54 378+5.7
Acetabular depth (mm) 116+27 (460-21.4) 11829 1M4+25
Acetabular angle (degrees) 381+42 (21.3-544) 374+38 388+43
Head-neck ratio (range) 1.45+0.13 (1.16-2.07) 142+0.13 147 +0.13
Neck-shaft angle (degrees) 1296+5.1 (118-147) 1300£54 1291+47

Values are presented as mean + SD (range) unless otherwise indicated.
BMI: body mass index, CE: center-edge.

Table 2. Correlation between Radiological Parameters

related positively with the AD (r = 0.235, p < 0.0001) and
inversely with the head-neck ratio (r = -0.121, p = 0.0012).

Correlation p-value Male gender was significantly related to the neck-shaft
coefficient angle (r = 0.122, p = 0.012) but inversely related to the AA
CEangle - AD 0.405 <0.0001 (r=-0.138, p = 0.004) and head-neck ratio (r = -0.182, p <
AD - AA -0.147 0.022 00001) (Table 3, Flg 2)
Multiple linear regression analysis was performed to
AA-CEangle 0378 <0.0001 determine the association between a physical parameter
phy p
CE angle - head-neck ratio -0.014 0771 and radiological parameters with the influence of other
CE angle - neck-shaft angle 0,025 0,602 physical variables excluded. Age was associated signifi-
, cantly with the CE angle (p = 0.0009), but inversely with
DRI EESEID el DL the AD (p = 0.005) and the AA (p = 0.014). Male gender
AD - neck-shaft angle 0.021 0.668 was associated significantly with the increased neck-shaft
AA - head-neck ratio 0.033 0493 angle (p = 0.036) but inversely with the head-neck ratio (p
=0.015) (Table 4).
AA - neck-shaft angle -0.050 0.299
Neck-shaft angle - head-neck ratio 0.017 0.728

DISCUSSION

Hip dysplasia is defined as a CE angle < 25°, an AD <9
mm, or an AA > 42°. These three radiological parameters
have been used to predict the development of OA.>""
The concept of the CE angle was developed by Wiberg

CE: center-edge, AD: acetabular depth, AA: acetabular angle.

0.0001). The AA was inversely correlated with the AD (r =
-0.147, p = 0.022). None of the three landmarks of hip dys-

plasia correlated significantly with the head-neck ratio or
the neck-shaft angle. There was no significant correlation
between the neck-shaft angle and head-neck ratio (Table 2,
Fig. 1). Age was correlated with the CE angle (r = 0.152, p
= 0.002), whereas it was inversely correlated with the AD
(r =-0.175, p < 0.0001) and AA (r = -0.227, p < 0.0001).
The BMI was inversely correlated with the head-neck
ratio (r = -0.121, p = 0.012), whereas the height was cor-

as a measurement of the degree of acetabular develop-
ment, and the degree of dislocation of the femoral head
in children."” Fredensborg' reported that the CE angle
increased slowly until the age of 15 and was maintained
at a constant value with no differences between genders.
Murphy et al.” reported that OA ultimately developed in
the hip with a CE angle < 15°. The AD was proposed to
compensate for the inaccuracy of the CE angle, which can
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Fig. 1. The correlations between the radiological parameters of hip
dysplasia.
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Table 3. Correlation of the Radiological Parameters with Age, BMI, Height, and Gender

Age BMI Height Gender*
CEangle 0.152 0.002 0.023 0.636 -0.072 0.136 0.011 0.826
Acetabular depth -0.175 <0.0001 0.048 0.321 0.235 <0.0001 0.064 0.187
Acetabular angle -0.227 <0.0001 -0.023 0.633 0.009 0.848 -0.138 0.004
Head-neck ratio 0.061 0.207 -0.121 0.012 -0.150 0.002 -0.182 <0.0001
Neck-shaft angle 0.010 0.831 -0.050 0.303 0.046 0.340 0.122 0.012

BMI: body mass index, CE: center-edge.
*Male: 1, Female: 0.

Han et al.'” examined 591 Korean hip radiographs and
found that the CE angle and aceatabular angle are more

be caused by the formation of a bony spur. The difficulty in
localizing the center of the femoral head had been pointed

out as another drawback of using the CE angle when the
subluxation of the femoral head was present.'” The AA
was devised to assess the degree of a patient’s hip dysplasia
without considering the position of the femoral head."”

useful parameters for a diagnosis of acetabular dysplasia
because of the insignificant age- or gender-dependent
variations. From these results, the correlation between
the CE angle and AD was the strongest, followed by that
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between the CE angle and AA, and lastly that between
the AD and AA. This means that the CE angle predicts
the other two parameters, and suggests that the CE angle,
despite its limitations, is a very useful tool for defining hip
dysplasia.

The Pearson correlation coefficients were obtained
to examine the correlation between the physical parame-
ters and radiological parameters of hip dysplasia. BMI and
height as well as age and gender correlated with several
radiological parameters. However, when multiple linear

30 1
3
IS o o
z 20 A ™ o
a
(]
©
&
=}
Q
S
[0]
Q
<

O T T T T 1
0 20 40 60 80 100
Age (yr)
2.2
2.0+

Head-neck ratio

1.0 T T 1

BMI (kg/m®)

Fig. 2. The correlation between age and the radiological parameters
of hip dysplasia.

regression analysis was performed to exclude the influence
of other physical parameters, only age was significantly as-
sociated with the radiological parameters of hip dysplasia.
These results revealed a small, but statistical significant
age-related increase in the CE angle and decrease in the
AD and AA. The meaning of this is up to conjecture, but
the increase in the CE angle and decrease in the AA might
be the result of the age-related build-up of bony support
on the lateral edge of the acetabulum. The age-related de-
crease in the AD is more difficult to interpret because it
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Table 4. Results of the Multiple Linear Regression Analysis

Age BMI Height Gender*
reneere - Ry pyaiie fogression g Rogression g Regression g
CEangle 0.042 (0.016) 0.009 0.005(0.009) 0.557 -0.013(0.031) 0.677 0.547(0.638) 0.391
Acetabular depth -0.023 (0.008) 0.005 -0.001 (0.006) 0.875 -0.015(0.018) 0.403 0.192 (0.334) 0.567
Acetabular angle -0.031(0.012) 0.014 -0.002 (0.009) 0.865 -0.021(0.027) 0.433 0.352(0.516) 0.496
Head-neck ratio 0.000 (0.000) 0.866 0.000 (0.000) 0.969 0.000(0.001) 0.958 -0.033 (0.016) 0.036
Neck-shaft angle -0.002 (0.018) 0.891 0.010(0.013) 0.443 0.018(0.039) 0.644 1.832(0.750) 0.015

BMI: body mass index, CE: center-edge.
*Male: 1, Female: 0.

showed an opposite tendency to the other two variables.

A decreased head-neck ratio and an extremely
increased/ decreased neck-shaft angle have also been re-
ported to be associated with developing OA.*" The Pear-
son correlation showed no correlation of these parameters
with each other or with the CE angle, AD or AA. On the
other hand, these parameters correlated positively or in-
versely with the physical parameters. When multiple linear
regression analysis was performed, only gender was left
as a significantly associated factor to the head-neck ratio
or neck-shaft angle, even though the differences were not
large between men and women.

In conclusion, the radiological parameters of hip
dysplasia are strongly, if not perfectly, inter-correlated. Age
and gender have a significant associa tion with the radio-

logical parameters of hip dysplasia or proximal femoral
deformity.
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