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A B S T R A C T

Although there are well described radiological criteria for diagnosing DDH, our experience has highlighted
that a new sub-category of hips exists in which the classic radiographic characteristics for DDH may be normal
but the coverage of the femoral head is compromised. The purpose of this study was to validate a simple radio-
graphic measurement method for calculating the depth of the acetabulum in order to detect individuals with
‘low-volume’ acetabuli and under-covered femoral heads. We identified 24 patients who were suspected of having
low-volume acetabuli and compared their radiographs with those of 150 patients with non-dysplastic hips. The
radiographic indices measured included the lateral center-edge (CE) angle, the anterior CE angle, the femoral
neck-shaft angle, the extrusion index, integrity of the Shenton’s line, the crossover sign, and ischial spine sign.
We have developed a novel, but a simple method, named the ‘coverage index’ (CI) to identify the presence of a
low-volume acetabulum on plain radiographs. Comparisons were made between the low-volume hips and the
non-dysplastic hips. The radiographic parameters indicative of developmental dysplasia of the hip (DDH) were
within normal limits in all patients with low-volume acetabuli and therefore these hips could not be classified as
‘dysplastic’ based on the traditional radiological parameters. There was no difference between the mean radius of
the femoral head in two groups. The mean CI was significantly greater in the non-dysplastic group compared
with the low-volume acetabula cohort (1.62 6 0.117 in non-dysplastic group versus 1.07 6 0.11 in low-volume
hips) (P¼ 0.0001). Orthopaedic surgeons should be aware of a hip abnormality in which the femoral head cover-
age is deficient, yet all the conventional parameters for measuring coverage, including the center edge angle, are
within normal limits. We have introduced a simple radiographic measurement method that may help surgeons
identify these patients using the anteroposterior radiographs of the hip.

I N T R O D U C T I O N
Hip dysplasia and femoroacetabular impingement are
well known as predisposing factors of secondary hip
osteoarthritis [1, 2]. Increased mechanical stress on the
cartilage of the hip joint due to a globally shallow acet-
abulum causes higher and asymmetrical forces to be
transferred to the labrum and cartilage which may lead
to early degenerative hip disease [3–6]. High quality an-
teroposterior (AP) and lateral hip radiography is the
standard method for diagnosing DDH and classical
radiologic signs have been described. On the AP views,
lateral center-edge angle (LCEA) of <20�, Tönnis angle
of>10�, valgus femoral neck-shaft angle of >135�, varus
femoral neck-shaft angle of<120�, extrusion index
of>25% and a broken shenton line are the classical

findings of hip dysplasia [3, 7–9]. Anterior center edge
angle (ACEA) of<20� in false-profile radiography is the
other sign of DDH [7]. Crossover sign and ischial tuber-
osity prominancy are also known as classical radiograph-
ic findings of acetabular retroversion which is another
subgroup of dysplasia [10] (Table I). Senior author’s ex-
perience has highlighted that a new category of hips
exists in which the classic radiographic characteristics for
DDH may be normal but the coverage of the femoral
head is compromised. This condition is as a result of
very low-volume acetabulum. The purpose of this study
was to validate a simple and practical radiographic meas-
urement method for estimating the depth of acetabulum
to characterize the low-volume acetabulum and under-
covered femoral head.

VC The Author(s) 2018. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use,
please contact journals.permissions@oup.com

� 399

Journal of Hip Preservation Surgery Vol. 5, No. 4, pp. 399–403
doi: 10.1093/jhps/hny036
Advance Access Publication 16 October 2018
Research article

Deleted Text: I
Deleted Text: :
Deleted Text: less than 
Deleted Text: &hx2009;
Deleted Text: &hx2009;
Deleted Text: &hx2009;
Deleted Text: &hx2009;
Deleted Text: &hx0025;, 
Deleted Text: &hx2009;
Deleted Text: low 
Deleted Text: low 
https://academic.oup.com/


M E T H O D S
Upon IRB approval, by using our institutional database
over 1000 who had undergone hip joint preservation sur-
gery, we identified 24 individuals who were suspected of
having low-volume acetabulum and compared their radio-
graphs with a control group of 150 patients with non-
dysplastic hips. All cases had well-centered, high-quality AP
and false profile view radiographs of the pelvic and affected
hip. All radiographs were calibrated and taken in the supine
position. We measured all radiographic indices of DDH
and retroversion which are categorized in Table I. We then
measured a novel but simple radiologic index named
‘coverage index’ (CI) on AP radiographs of all cases to
identify the difference of femoral head coverage in the two
groups. To determine the CI the following is performed
(Fig. 1). After determining the center of femoral head a
line was drawn from this point which connected the anter-
ior wall border of the acetabulum to the fovea in the fem-
oral head (Distance A). A second line was then drawn
from the posterior wall border of the acetabulum to the
fovea in line with the center of the femoral head (Distance
P). Distance A was added to Distance P and divided by the
radius of the femoral head therefore giving the CI
(CI ¼ Aþ P/R). Comparisons were made between the
low-volume hips and the non-dysplastic hips. A compari-
son between non-dysplastic and low-volume hip is shown
in Fig. 2. All measurements were done by two orthopedic
surgeons. Analysis of the data demonstrated very good
kappa levels (>0.81) for inter-observer reliability.

Statistics
Inter-observer reliability for the two surgeons was deter-
mined Cohen’s (1960) Kappa statistic for dichotomous
ratings with two judges [11]. Data are presented as mean,
minimum, and maximum values. The Student t test was
used to compare the continuous variables. All statistical
analyses were performed with the use of R 3.3.1 (R
Foundation for Statistical Computing, Vienna, Austria). An
alpha level of 0.05 was used to determine significance.

R E S U L T S
All DDH and retroversion parameters were found to be
within normal limits in both groups of non-dysplastic and
low-volume hips. There was no statistically significant dif-
ference between the mean radius of the femoral head in
two groups of non-dysplastic (26.51 6 2.67 mm) and low-
volume hips (27.62 6 3.25 mm). The mean Distance A
was 28.7 6 3.5 mm in non-dysplastic group and
19.2 6 3.1 mm in low-volume hips (P¼ 0.00005). The
mean Distance P was 14.1 6 2.6 mm in the non-dysplastic
cases and 10.7 6 3.3 mm in the low-volume group
(P¼ 0.0002). The mean CI was significantly greater in the
non-dysplastic group compared with the low-volume ace-
tabula cohort (1.62 6 0.117 in non-dysplastic group versus
1.07 6 0.11 in low-volume hips; P¼ 0.0001) (Table II).

Table I. Radiographic characteristic of DDH and acetabular retroversion

AP radiograph False profile lateral radiograph

DDH LCEA< 20�, Tönnis angle> 10�, valgus femoral neck-shaft
angle >135�, varus femoral neck-shaft angle <120�, ex-
trusion index >25%, broken shenton line

ACEA< 20

Acetabular retroversion Crossover sign, ischial tuberosity prominence NA

LCEA, lateral center-edge angle; ACEA, anterior center-edge angle; NA, not applicable.

Fig. 1. AP radiograph of a low-volume hip. A, black arrow; P,
blue arrow; R, orange arrow. CI¼Aþ P/R.
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D I S C U S S I O N
These results of this study suggest that there is a new cat-
egory of patients who do not meet the conventional radio-
graphic criteria of hip dysplasia but still have low coverage
of their femoral heads. The current diagnosis of hip

dysplasia is based on described radiographic parameters
[12] and advanced imaging techniques (CT or MRI) are
not employed in non-complicated situations. Three-
dimensional studies on dysplastic hips were conducted to
help diagnosis, preoperative planning and evaluate the

Fig. 2. (A) AP and lateral view of non-dysplastic hip with all normal measured parameters of dysplasia and normal acetabular cover-
age [CI (left hip)¼1.59], (B) AP and lateral view of low-volume hip with normal parameters of dysplasia [CI (left hip)¼1.08].

Table II. Mean, minimum, maximum value of A, P, R distances and CI in non-dysplastic and low-volume hips

Minimum Maximum Mean SD P-value

R distance in non-dysplastic group 20.4 mm 33.3 mm 26.51 mm 2.67 mm 0.201

R distance in low-volume hips 23.2 mm 33.6 mm 27.62 mm 3.25 mm 0.201

A distance in non-dysplastic group 9.7 mm 23.9 mm 28.7 mm 3.5 mm 0.00005

A distance in low-volume hips 6.7 mm 19.5 mm 19.2 mm 3.1 mm 0.00005

P distance in non-dysplastic group 21.3 mm 36.4 mm 14.1 mm 2.6 mm 0.0002

P distance in low-volume hips 14.7 mm 24.7 mm 10.7 mm 3.3 mm 0.0002

CI (non-dysplastic hips) 1.36 1.83 1.62 0.117 0.0001

CI (low-volume hips) 0.85 1.24 1.07 0.11 0.0001
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acetabular cartilage defect [13–19]. However, determining
dysplastic condition that shows the under-coverage of fem-
oral head is possible based on available diagnostic radio-
graphic parameters on plain multi-view radiographs. Based
on senior author’s experience there is a group of patients
who are not dysplastic based on available diagnostic meas-
urements and still have clinical behavior of dysplastic hips.
We have developed a new and simple measurement
method to estimate femoral head coverage by using a
standard AP radiograph of the pelvic. This method is sim-
ple, fast, and cost-effective method in comparison with
using 3D imaging modalities such as MRI or CT. Based on
there being no significant difference in the mean radius of
the femoral heads between the two groups in this study,
the only parameters that will affect the coverage of femoral
head will be the anterior and posterior walls of the acetabu-
lum. A positive posterior wall sign (defined as medially sit-
uated position of the posterior wall of the acetabulum in
comparison to the center of femoral head [10]) in non-
dysplastic hips should be considered as the primary sign of
low-volume acetabulum in patients who do not have the
radiologic signs of dysplasia. We therefore strongly recom-
mend measuring the CI in non-dysplastic hips with posi-
tive posterior wall sign. CI can provide a good estimation
of femoral head coverage which is an important factor in
optimum hip biomechanics.

Based on the findings of this study, the Mean CI in the
low-volume hips was 1.07. To define a threshold for CI fur-
ther validation is required with long-term follow-up studies
and also in another sub-group of suspected low-volume and
control patients in order to determine their utility.

The importance of DDH as the precursor of early hip
osteoarthritis is well studied before [1, 2]. Based on previ-
ous studies low coverage of femoral head may cause
increased mechanical stress on labrum and hip joint cartil-
age and lead to early degenerative hip disease [3–6]. We
need to conduct the new long-term follow-up studies to
identify the clinical importance of the low-volume acetabu-
lum as the predisposing factor of early hip degenerative
disease and hip pain in young adults.

Our study has some limitations. First, the number of
cases was low and another study with larger group of
patients is recommended to examine the validity of the CI.
However, the numbers are acceptable statistically. Second,
our findings are based on plain radiographs and 3D imag-
ing (MRI or CT), which are more accurate can be
employed to validate the CI in future studies. Third, we
did not detect the clinical importance of CI. To determine
the clinical significance of our findings, we need to investi-
gate the correlation between radiographic and clinical find-
ings in this group of patients in a new study design.

C O N C L U S I O N
Orthopedic surgeons should be aware of the new group of
patients who cannot be classed as having DDH based on
traditional radiologic parameters but should be considered
as having low-volume acetabuli due to under-coverage of
the femoral head. The long-term clinical relevance of this
new entity requires further investigation.
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