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A B S T R A C T

The lateral center edge angle (LCEA) and the anterior center edge angle (ACEA) are commonly used to as-
sess acetabular coverage of the femoral head. There are two distinct methods found in the literature to obtain
these angles, specifically, measuring to the most lateral bone edge versus the sclerotic lateral sourcil edge. A differ-
ence between these two methods may contribute to inconsistent estimates of acetabular coverage, and potentially
lead to clinical misdiagnosis and treatment mismanagement. The objectives of this study were to quantify the dif-
ference between bone edge and sourcil edge measurements and to determine how the difference influences the
classification of acetabular coverage in adult patients with suspected hip pathomorphology. Two observers com-
pleted the measurements independently using preoperative anteroposterior and false profile radiographs. Bland–
Altman plots and paired t-tests were used to compare measurement methods. Bone and sourcil measurements of
the LCEA and ACEA were significantly different (both P< 0.001). On average, the bone LCEA was 4� (95% lim-
its of agreement¼�2� to 10�) greater than the sourcil LCEA. The bone ACEA was, on average, 10� (95% limit
of agreement¼�2� to 22�) greater than the sourcil ACEA. The differences often led to different clinical classifi-
cations for the same hip. With a statistically and clinically significant difference in the quantification of acetabular
coverage using bone edge versus sourcil edge methods for measuring the LCEA and ACEA in adult patients, it
should be mandatory to clearly identify which method was used in each study.

I N T R O D U C T I O N
Some forms of hip pathomorphology, including hip dyspla-
sia and pincer femoroacetabular impingement, are charac-
terized by abnormal acetabular coverage of the femoral
head. In 1939, Wiberg created the lateral center edge angle
(LCEA) to quantify the lateral coverage of the acetabulum
on anteroposterior (AP) radiographs [1]. Similarly, in
1961, Lequesne described the vertical–center–anterior
margin angle or anterior center edge angle (ACEA) to as-
sess anterior acetabular coverage on false profile (FP)
radiographs [2]. Both of these measurements are central to
the diagnosis of hip pathomorphology and play an import-
ant role in therapeutic decision-making, including selection
of an appropriate surgical intervention [3].
Wiberg defined the LCEA as the angle formed by one line
drawn through the center of the femoral head parallel to

the longitudinal axis of the body, and a second line drawn
from the center of the femoral head to the lateral edge of
the acetabular roof [1]. He described the lateral edge as a
point ‘where the curving of the acetabular border laterosu-
periorly begins’ and ‘where the bony support may be con-
sidered to end’, and noted this point is easy to define on
radiographs as it appears as the end of a dense shadow rep-
resenting the acetabular roof [1]. We believe Wiberg’s text
and figures describe the lateral boundary of the acetabular
sourcil, the sclerotic line along the acetabular roof.
However, others have interpreted Wiberg’s description to
mean the lateral edge of the bone [4]. Notably, Ogata
et al. reported that the lateral edge of the bone, used to
measure Wiberg’s LCEA, is difficult to clearly define in
pediatric hip dysplasia patients and proposed a ‘refined’
LCEA measured to the lateral point of bony condensation
of the roof [4]. Ogata’s description highlights the
confusion when measuring the LCEA.
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Regardless if Wiberg intended the LCEA to be meas-
ured to the most lateral bone edge or sourcil boundary,
both methods have been used to evaluate acetabular cover-
age in recent literature. Specifically, articles citing Wiberg’s
1939 article fall into three groups: those that do not in-
clude a clear text or figure example of how the LCEA was
measured [3, 5–8], those that include a figure or diagram
depicting the LCEA extending to the lateral edge
of the acetabulum/bone [9–13] and those that illustrate
and/or describe measuring to the sclerotic edge or sourcil
[14–18]. Similar discrepancies exist for the ACEA, with de-
scriptions of measurements to the bone edge [9, 19] and
to the sclerotic edge [15, 16, 20, 21]. While the bone and
sourcil edge measurements may be equivalent in some pa-
tients, this is not always the case in pediatric hip dysplasia
patients [22]. However, it is unknown if the two methods
could be used interchangeably in adult patients. Further,
limited data exists comparing the measurements of the
ACEA between methods [23].

Thus, the objective of this study was to compare the
two methods, specifically the bone edge method and the
sourcil edge method, of measuring the LCEA and ACEA
in a retrospective review of radiographs from a symptom-
atic adult population. While detecting a statistically signifi-
cant difference was important, we also wanted to evaluate
if the difference in measurement methods was clinically sig-
nificant. We believe a difference greater than 5� qualifies as
being clinically significant, as a clinician using one measure-
ment method could diagnose a hip as dysplastic
(LCEA< 20�), while a clinician using the second method
could classify the same hip as normal (LCEA> 25�) [1].
We hypothesized that there would be a statistically, and
clinically, significant difference between the two
methodologies.

M A T E R I A L S A N D M E T H O D S
Preoperative standing AP and FP radiographs, obtained be-
tween July 2008 and September 2011 of adult patients
(>18 years) who subsequently underwent arthroscopy by
the senior author for hip pathomorphology, were reviewed
for this study. Only the surgical hip was included in the
analysis. For 17 subjects with bilateral symptoms, the first
hip surgically treated was included.

An orthopaedic physician’s assistant (KMS) and a sec-
ond year medical student (JAH) were trained by the senior
author (SKA) and completed the radiographic measure-
ments independently. The LCEA was measured on AP
radiographs (Fig. 1) and the ACEA was measured on FP
radiographs (Fig. 2). The LCEA and ACEA were measured
to both to the edge of the bone and to the edge of the
sourcil. To obtain the LCEA, the center of the femoral

head was estimated from a circle fit to the medial and infer-
ior contour of the femoral head. The longitudinal axis of
the body was defined perpendicular to a line connecting
the inferior ischial tuberosities. An alternative method
(while not utilized herein) would be to define the longitu-
dinal axis perpendicular to a line connecting the inferior
margins of bilateral acetabular teardrops. The LCEA was
measured between a line from the center of the femoral
head parallel to the longitudinal axis and a line from the
center of the femoral head to the most lateral aspect of the
bone or the sourcil edge. A similar method was used to
measure the bone and sourcil ACEAs on the FP radio-
graph (Fig. 2). However, for the ACEA, the longitudinal
axis was defined by a vertical line on the radiograph.

The lateral coverage of each hip was classified using
both the bone and sourcil LCEAs as follows: <20� dys-
plastic, �20� and �25� borderline dysplastic, >25� and
�40� normal, and >40� over-covered [1, 24]. Anterior
coverage was classified with the bone and sourcil ACEAs
as follows: <20� under-covered, �20� and �40� normal,
>40� over-covered [15, 16].

All statistical analyses were completed in Stata/MP 13.0
(StataCorp LP, College Station, TX, USA). Interobserver re-
peatability was assessed with the intraclass correlation coeffi-
cient, interpreted as follows: minimal <0.2, poor 0.2–<0.4,
moderate 0.4–<0.6, strong 0.6–�0.8 and almost perfect
>0.8 [25]. Angles were averaged between the two observers
for subsequent analysis. A paired t-test was used to identify
differences in the LCEA and ACEA between the bone and
sourcil measurement methods. Bland–Altman plots were gen-
erated to compare measurement methods [26].

R E S U L T S
Preoperative AP radiographs were available for 188 sub-
jects (109 female, 36.6 6 11.4 years). Preoperative FP
radiographs were available for 137 subjects (72 female,
35.9 6 11.5 years).

Interobserver agreement was almost perfect for all radio-
graphic measurements: bone LCEA¼ 0.92, sourcil
LCEA¼ 0.92, bone ACEA¼ 0.91 and sourcil ACEA¼ 0.89.

Bone and sourcil measurements of the LCEA and ACEA
were significantly different (both p< .001). On average, the
bone LCEA was 4� (95% limits of agreement¼�2� to 10�)
greater than the sourcil LCEA (Fig. 3). The bone ACEA was,
on average, 10� (95% limit of agreement¼�2� to 22�)
greater than the sourcil ACEA (Fig. 4).

Forty-six subjects (46/188, 24%) had a LCEA difference
greater than 5� between methods. 107/137 (78%) subjects
had an ACEA difference greater than 5� between methods. In
contrast, the difference between methods was less than 1� in
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47/188 (25%) subjects for the LCEA (Fig. 5) and 8/137
(6%) subjects for the ACEA.

Differences in the bone and sourcil measurements of
the LCEA and ACEA often led to different clinical classifi-
cations for the same hip (Tables I and II). For example,
the 14 subjects with a sourcil LCEA <20� (dysplastic),

Fig. 1. Lateral center edge angle (LCEA) measured on an anteroposterior radiograph of a 40-year-old female. To obtain the LCEA,
the center of the femoral head was estimated from a circle fit to the medial and inferior contour of the femoral head. The longitudinal
axis of the body was defined perpendicular to a line connecting the inferior ischial tuberosities. The LCEA was measured between the
line from the center of the femoral head parallel to the longitudinal axis and the line from the center of the femoral head to the most
lateral aspect of the bone or the sourcil edge. The patient’s right hip can be classified as normal based on a sourcil (S) LCEA of 28�,
but overcovered based on a bone (B) LCEA of 43�.

Fig. 2. Anterior center edge angle (ACEA) measured on false
profile radiograph of an 18-year-old female. To obtain the
ACEA, the center of the femoral head was estimated from a cir-
cle fit to the medial and inferior contour of the femoral head.
The ACEA was measured between a vertical line on the image
and the line from the center of the femoral head to the most lat-
eral aspect of the bone (B) or the sourcil (S) edge. For this pa-
tient, the bone VCA was 46� and the sourcil VCA was 34�.

Fig. 3. Bland–Altman plot comparing the sourcil and bone meas-
urements of the lateral center edge angle (LCEA).

Fig. 4. Bland–Altman plot comparing the sourcil and bone meas-
urements of the anterior center edge angle (ACEA).
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only four had a bone LCEA also <20�. Similarly, of the 54
subjects with a sourcil LCEA� 25� (dysplastic or border-
line dysplastic), 32 had a sourcil LCEA> 25� (normal)
(Table I). Six subjects had a bone LCEA> 25� (normal)

but a sourcil LCEA< 20� (dysplastic) (Fig. 6). Of the 20
subjects with a bone LCEA> 40� (over-covered), 11 had a
sourcil LCEA� 40� (normal) (Fig. 1). Finally, all seven
patients with a sourcil ACEA< 20� (dysplastic) had a

Fig. 5. Anteroposterior radiograph of a 26-year-old male demonstrating an equivalent bone (B) and sourcil (S) center edge angles
of 31� for the right hip.

Table I. Number of hips in each clinical classification category according to LCEA measured to the sourcil
edge and bone edge

Bone LCEA

Dysplastic Borderline Normal Overcovered Total
<20� �20� and �25� >25� and �40� >40�

Sourcil LCEA Dysplastic <20� 4 4 6 0 14

Borderline �20� and �25� 0 14 26 0 40

Normal >25� and �40� 0 0 114 11 125

Over-covered >40� 0 0 0 9 9

Total 4 18 146 20 188

Hips in shaded cells along the diagonal have bone and sourcil LCEAs that fall into the same category.

Table II. Number of hips in each clinical classification category according to ACEA measured to the sourcil
edge and bone edge

Bone ACEA

Dysplastic Normal Overcovered Total
<20� �20� and �40� > 40�

Sourcil ACEA Dysplastic <20� 0 5 2 7

Normal �20� and �40� 0 65 51 116

Overcovered >40� 0 0 12 12

Total 0 70 65 135

Hips in shaded cells along the diagonal represent have bone and sourcil ACEAs that fall into the same category.
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bone ACEA� 20� (normal), while only 12 of the 65 hips
with a bone ACEA> 40� had a sourcil ACEA also> 40�

(Table II).

D I S C U S S I O N
Discrepancies in the methodology to quantify acetabular
coverage of the femoral head with the LCEA and ACEA
exist in current literature. Specifically, these radiographic
angles have been calculated from the longitudinal axis of
the body to either the edge of the lateral acetabular bone
boundary or to the lateral edge of the sclerotic sourcil. The
objective of this study was to compare the bone edge and
sourcil edge methods in an adult population with hip com-
plaints and illustrate how discrepancies could affect the
classification of hip coverage. We found that the bone edge
measurements were significantly greater than the sourcil
edge measurements. This difference was clinically signifi-
cant (greater than 5�) in 24% of LCEA measurements and
78% of ACEA measurements.

While the average difference in LCEA between the
bone and sourcil methods was only 4�, almost a quarter of
hips analyzed had a difference greater than 5� between
methods. To illustrate the clinical significance of these
findings, consider a patient with a bone LCEA measuring
30� and a sourcil LCEA measuring 19� (Fig. 6). Using the
bone LCEA, the hip would be classified as normal [1].
However, the sclerotic LCEA would indicate this hip is
dysplastic [1] and could possibly benefit from a periacetab-
ular osteotomy [27]. Our data showed that this was the
case for six hips analyzed herein, representing 43% of hips
with a sourcil LCEA less than 20�. In contrast, consider an
individual with a bone LCEA of 43� and a sourcil LCEA of
28� (Fig. 1). Using the bone LCEA, the patient would po-
tentially qualify for an acetabuloplasty to address pincer
femoroacetabular impingement [28], although the sourcil
edge measurement would suggest normal acetabular cover-

age. Nearly half the hips analyzed herein with a bone
LCEA greater than 40� had a sourcil LCEA less than 40�.
Nonetheless, we acknowledge that the LCEA is rarely used
alone in the diagnosis and treatment selection of patients
with suspected hip pathomorphology. The determination
of under- or over-coverage should be made in the context
of other radiographic or 3D imaging measures, the patient
history and clinical exam findings.

To our knowledge, the only published comparisons of
the bone and sourcil LCEA measurements have been
completed in pediatric patients with developmental dyspla-
sia of the hip. Nearly half of the 56 hips analyzed by Ogata
et al. had equivalent bone and sourcil measurements, while
the remaining exhibited an average difference of �10� [4].
In the latter cases, the authors suggested the difference
could be caused by an oblique or irregular acetabulum in
which the most lateral portion of the acetabular rim
was found anterior to the most superior portion of the
roof. Omeraglu et al. identified an average difference of
8.3� in patients <20 years, but found the difference was
more pronounced in younger patients (13.2� in 3–8
year olds) than older patients (5.7� in 9–18 year olds)
[22]. Similarly, Kim et al. reviewed sequential radiographs
of dysplastic patients and found that the average
difference in bone and sourcil measurements decreased
from 5.8� at age 4 to 2.3� at age 12 [29]. They suggested
that the sourcil LCEA corresponds to the lateral edge of
the mid-superior portion of the acetabulum and that the
bone LCEA corresponds to the anterolateral portion of
the acetabulum [29]. Further research is needed to
determine if these previous suggestions also explain the
differences in bone and sourcil measurements in adult
hips. Other explanations, such as osteophyte formation
at the lateral aspect of the acetabulum [30, 31], may also
contribute to the differences observed in the adult
population.

Fig. 6. Anteroposterior radiograph of a 43-year-old female. The patient’s right hip can be classified as normal based on a bone (B)
center edge angle of 27�, but dysplastic based on a sourcil (S) center edge angle of 18�.

284 � J. A. Hanson et al.



In this study, the average difference between the bone
and sourcil ACEA measurements was 10� and 78% of pa-
tients had a difference greater than 5�. These discrepancies
were greater than those observed for the LCEA. Li et al.
notes that it is difficult to establish the rotation of the pel-
vis during the acquisition of false-profile radiographs [32].
It is possible that subtle differences in rotational position-
ing amongst subjects may contribute to greater differences
in the appearance and location of bone edge and sourcil
edge observed in false profile compared to AP radiographs.
Clinically, all hips classified herein as dysplastic according
to their sourcil ACEA would be considered normal accord-
ing to their bone ACEA [2, 19, 23]. Sakai et al. found that
in female patients with hip pain but normal lateral coverage
(LCEA >20�), the bone ACEA more accurately repre-
sented actual anterior coverage as quantified using 3D CT
reconstructions [23]. However, in patients with insufficient
lateral coverage (LCEA <20�), neither the bone nor sour-
cil ACEAs accurately quantified anterior coverage [23].

Our data for both the LCEA and ACEA showed high
interobserver repeatability with similar ICCs for the two
methods. In comparison, Omereglu et al. concluded that
measuring the LCEA to the edge of the bone had slightly
higher intraobserver and interobserver agreement (3.1�

and 4.0� respectively) than using the sclerotic edge method
(3.8� and 5.1�, respectively). Sakai et al., found that the
bone ACEA was more repeatable (inter and intraobserver
r¼ 0.88–0.90) than the sourcil ACEA (inter and intraob-
server r¼ 0.64–0.77).

This study has a few limitations that warrant discussion.
First, radiographs were not corrected or standardized for
pelvic tilt. However, recent studies have shown that
changes in pelvic tilt do not cause clinically significant dif-
ferences in the LCEA [33–35]. In addition, all radiographs
were obtained in the standing position. This functional
position has been suggested to reduce confounding in
ACEA measurements due to variable pelvic tilt [20]. Next,
there were limited subjects with dysplasia (only 14 had
sourcil LCEA <20� sclerotic) and pincer FAI (only 20 pa-
tients with bone LCEA >40�). Most of the subjects eval-
uated herein fell within the normal range of LCEA and
therefore, would be less affected (in terms of radiographic
preoperative planning) by discrepancies in the measure-
ment techniques. However, there was no significant linear
relationship between the difference and average of the
bone and sourcil measurements [26]. Therefore, the
differences between measurement methods appear to be
consistent over the range of hip classifications. Finally,
three-dimensional imaging, which may help identify the
anatomical features resulting in the discrepancy between
methods, was not evaluated.

In conclusion, although we found that the bone edge
and sourcil edge methods for measuring the LCEA and
ACEA are repeatable, there was a statistically and clinically
significant difference between the two in adult patients
with suspected hip pathomorphology. Specifically, the
bone edge measurements were significantly greater on
average, and this difference often led to different clinical
classifications for the same hip. As we believe Wiberg ori-
ginally described the measurement of LCEA to the edge of
the sourcil [1], and previous studies comparing the meas-
urements have found that the bone LCEA may overesti-
mate coverage in children with dysplasia [4, 22], we
suggest measuring the LCEA to the edge of the sourcil.
However, further investigation is needed to determine
which measurement method is a more accurate representa-
tion of acetabular coverage. Further studies should also
focus on determining how the two measurements correlate
with three-dimensional acetabular morphology, as it is pos-
sible both measurements may be important in identifying
coverage in different regions of the acetabulum (i.e. anter-
ior, central, posterior). With respect to the ACEA, Sakai
et al. suggest that the bone edge is more representative of
true acetabular coverage in normal hips [23]. Nonetheless,
when using the LCEA and ACEA clinically, these measures
should be interpreted in the context of the patient history,
physical exam findings and other radiographic or three-di-
mensional imaging measures to determine the appropriate
diagnosis and treatment. Finally, when reporting these
angles, it should be mandatory to clearly identify with a
text description and/or radiographic figure which method
is being used to estimate acetabular coverage.
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