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Background: Measuring anterior hip coverage on false-profile (FP) radiographs is important for judging anterior hip coverage.
Conventionally, the anterior center-edge angle (ACEA) is measured from the anterior edge of the acetabular sourcil (sourcil
ACEA); however, the anterior bone edge is also used as the anterior landmark.

Purpose: To determine whether the sourcil ACEA or the bone-edge ACEA better represents the anterior coverage of the hip joint.

Study Design: Descriptive laboratory study.

Methods: We retrospectively observed 49 hips in 49 patients who underwent isolated periacetabular osteotomy. The sourcil
ACEA was measured according to the standard procedure. Then, 3-dimensional (3D) volumetric models were made from com-
puted tomographic data. The acetabular surface of the 3D model was labeled and projected onto a simulated FP radiograph,
enabling the edge of the acetabulum to be identified. This simulated FP radiograph was used to measure the ‘‘true ACEA,’’ as
well as the sourcil ACEA and the bone-edge ACEA, and the 3 measurements were compared. Statistical analysis was
performed—including testing for normal distribution, measuring interobserver agreement, evaluating differences between meas-
urements, and validating correlation.

Results: The mean sourcil ACEA was 8.6� (range, –3.9� to 31.7�) smaller than that of the true ACEA (P\ .001); there was a strong
correlation (r = 0.81; P\ .001) between the 2. The mean bone-edge ACEA was 16.8� (range, –1.7� to 45.4�) greater than that of the
true ACEA (P \ .001); there was a moderate correlation (r = 0.57; P \ 0.001) between the 2.

Conclusion: Both the sourcil ACEA and bone-edge ACEA differed from the true ACEA. However, compared with the bone-edge
ACEA, the sourcil ACEA was numerically closer to the true ACEA and had a stronger correlation with it .

Clinical Relevance: While the exact edge of the true bearing surface of the articular cartilage may not be visible on the FP radio-
graph, the sourcil ACEA can be effectively utilized as a reliable surrogate when evaluating the anterior acetabular coverage in hip
preservation surgery.
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The anterior center-edge angle (ACEA) measurement on
a false-profile (FP) radiograph is a clinically important
measurement of anterior hip coverage. It helps to deter-
mine the stability of the anterior hip.20 Although observa-
tion of the 3-dimensional (3D) anterior coverage of the hip
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joint on computed tomography (CT) provides more details
of the morphology of the acetabulum, measuring the ante-
rior coverage based on CT data is greatly affected by the
pelvic tilt because of the supine position.10,12,17,23,26,28,29,32

Furthermore, the amount of radiation released during CT
is also much higher than that released during plain radiog-
raphy. Measuring the ACEA on FP radiographs is still
a common method for determining anterior hip coverage.
There are abundant clinical data on the relationship
between this angle and clinical prognosis .1,2,8,16,19,22,33

There is currently no uniform method of measuring the
ACEA on standard FP radiographs. Initially, Lequesne
and de Sèze20 defined the ACEA as the angle between
the line from the anterior edge of the acetabular sourcil
to the center of the femoral head and the vertical line pass-
ing through the center of the femoral head on the FP radio-
graph (‘‘sourcil ACEA’’). In most clinical studies,
researchers use this method to measure the ACEA. How-
ever, the anterior edge of the acetabular sourcil cannot
be identified in a large portion of dysplastic hips, making
it difficult to reliably determine the ACEA in these
patients.3,5,6 Some researchers have used the anterior
bone edge as the anterior edge of the acetabulum, on which
it is easier to select points for measurement, instead of the
edge of the acetabular sourcil.12,23,30 However, these meas-
urements have proven to be different in patients with nor-
mal or mild acetabular dysplasia. To our knowledge, it has
not yet been determined which landmark can be a more
instructive measurement for guiding hip preservation
surgery.4,7,15,21,24,27

In this study, we increased the visibility of the actual
edge of the articular surfaces of the acetabulum and
the edge of the acetabular sourcil on simulated images
generated from the 3D model and used this to create
a ‘‘true ACEA’’ measurement. We proposed the following
questions: Is the sourcil ACEA or bone-edge ACEA
equal to the true ACEA? What are the correlations
between them?

METHODS

Participants

After obtaining approval from our institutional review
board, we reviewed 60 patients who underwent isolated
periacetabular osteotomy at our center between July and
October 2020. All patients were classified13 as Crowel 0-1
and had no history of hip surgery on the affected

hip. Among these patients, 4 underwent pelvic CT exami-
nation in other hospitals before hospitalization. To avoid
excessive radiation exposure, we did not perform a CT
examination again. Thus, 4 patients were excluded from
this study because of a lack of necessary data.

Of the remaining 56 patients, we excluded patients for
whom we could not accurately locate the center of the fem-
oral head because of the subluxation and irregular femoral
heads. There were 4 patients with subluxation—1 patient
had poliomyelitis, and 3 patients had cerebral palsy. The
femoral head center could not be accurately located in 3
patients with aspherical femoral heads—1 patient had
multiple epiphyseal dysplasia, and 2 patients had severe
coxa plana.

We included 49 patients with a mean age of 29.7 6 8.6
years (range, 14-46 years) at the time of surgery in the
study. Of them, 44 were women and 5 were men.

Imaging Data and Measurements

All patients had standard FP radiographs taken preopera-
tively, and the sourcil ACEA was measured on the stan-
dard FP radiographs. A simulated FP radiograph was
also generated based on CT scans, and the sourcil ACEA,
bone-edge ACEA, and true ACEA of every patient were
measured on the simulated FP radiographs.

Sourcil ACEA on Standard FP Radiograph. Standard
FP radiographs were taken according to the method used
by Lequesne and de Sèze.20 In the standing position, the
distance between the source and the receiving plate was
120 cm, and the patient’s coronal axis was 65� to the receiv-
ing plate when the FP radiograph was taken. The sourcil
ACEA was measured according to the method of Lequesne
and de Sèze20 (Figure 1)—the angle between the line from
the anterior point of the sourcil (orange dot in Figure 1) to
the center of the femoral head (white dot), and the vertical
line passing through the center of the femoral head (white
line). The sourcil ACEA was measured twice on the stan-
dard FP radiographs by 2 surgeons (N.R. and Z.Z.) with
experience in periacetabular osteotomy. The interval
between the 2 measurements was not \2 weeks.

Creating the Simulated FP Radiograph. The CT scan of
the pelvis showed the iliac crest and the lower edge of the
lesser trochanter of the femur. The distance between slices
was 1.3 mm. We used 3D Slicer (open-source application;
https://www.slicer.org) to segment the preoperative CT
scans of these patients, and the scans were used to gener-
ate volume models.14 The edge of the acetabulum is manu-
ally outlined along the edge of the contacting surface (with

zAddress correspondence to Prof. Hong Zhang, Senior Department of Orthopaedics, the Fourth Medical Center of PLA General Hospital, Fucheng Road
No. 51, Beijing, 100048, China (email: zhanghongmd@163.com) (Twitter: #hippreservation).

*Senior Department of Orthopedics, Fourth Medical Center of Chinese PLA General Hospital, Beijing, China.
yNational Clinical Research Center for Orthopedics, Sports Medical and Rehabilitation, Beijing, China.
Final revision submitted May 20, 2023; accepted July 31, 2023.

The authors have declared that there are no conflicts of interest in the authorship and publication of this contribution. AOSSM checks author disclosures
against the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or respon-
sibility relating thereto.

Ethical approval for this study was obtained from the Chinese PLA General Hospital, Beijing (ref No. 2021KY043-KS001).

2 Cheng et al The Orthopaedic Journal of Sports Medicine



the femoral head) of the acetabulum on the simulated mod-
els by a surgeon skilled in periacetabular osteotomy.

The generated model of the pelvis was rotated 65� to the
affected side in 3D Slicer. Then, the volume model of the
acetabulum of the pelvis was projected to the coronal
plane.9 The position of the pelvis was fine-tuned accord-
ing to the morphology of the iliac wing and obturator fora-
men on the standard FP radiograph. The profile of the
pelvis on the final simulated FP radiograph was consis-
tent with the appearance of the pelvis on the standard
FP radiograph in terms of height difference between the
acetabulum rotation centers, distance between the 2 fem-
oral heads, and morphology of the iliac wing and obtura-
tor foramina.

Sourcil, Bone-Edge, and True ACEA on Simulated FP
Radiograph. We defined 3 different anterior acetabular
edges and obtained 3 different ACEA measurements on
the simulated FP radiographs. The first anterior acetabu-
lar edge (Figure 1B) was defined as the anterior edge of
the dense shadow (sourcil) of the acetabular dome (red
dot in Figure 1B), and the sourcil ACEA was defined as
the angle between the line (red line) from it (red dot) to
the center of the femoral head (white dot) and the vertical
line (white line) passing through the center of the acetabu-
lum. The second anterior acetabular edge (Figure 1B) was
defined as the anterior bone edge (yellow dot in Figure 1B),
and the bone-edge ACEA was defined as the angle between
the line (yellow line) from the anterior bone edge (yellow
dot) to the center of the femoral head (white dot) and the
vertical line (white line) passing the center of the acetabu-
lum. The third anterior acetabular edge (Figure 2) was
defined as the point (blue dot in Figure 2) where the ace-
tabular rim leaves the best-fit circle of the highlighted
area of the acetabulum (blue dotted circle). We defined
the true ACEA as the angle between that point to the

center of the femoral head (blue line) and the vertical
line passing through the center of the acetabulum (white
line).

The sourcil, bone-edge, and true ACEAs were also mea-
sured twice on the same simulated FP radiographs by the
same 2 surgeons (N.R. and Z.Z.). The observers were
blinded to the patient’s information, and the images were
shuffled. The interval between the 2 measurements was
no \2 weeks.

Statistical Analysis

Statistical analysis was done using SPSS Version 26
(IBM). Interobserver and interobserver agreement of the
measurements were conducted using the interclass corre-
lation coefficient (ICC) with a 2-way random model. The
ICC values were interpreted as follows: \0.20 indicating
poor agreement; 0.21 and 0.40 indicating fair agreement;
0.41 and 0.60 indicating moderate agreement; 0.61 and
0.80 indicating good agreement; and 0.81 and 1 indicating
very good agreement.

The normal distribution of all the data was tested using
the Kolmogorov-Smirnov test. Differences between the
ACEA measurements were evaluated using paired t tests.
A Pearson or Spearman correlation analysis was used to
validate the correlation between the 2 parameters based
on the data distribution. The resulting correlation coeffi-
cient (r) was interpreted as follows: 0 to 0.20 indicating
very weak correlation; 0.21 and 0.40 indicating weak cor-
relation; 0.41 and 0.60 indicating moderate correlation,
0.61 and 0.80 indicating strong correlation; and 0.81
and 1.00 indicating very strong correlation. For all statis-
tical comparisons, the threshold for significance was set
at P \ .05.

Figure 1. Existing methods for measuring the ACEA. (A) Method for measuring the sourcil ACEA on a standard FP radiograph.
The angle between the line (orange line) from the anterior edge of the acetabular sourcil (orange line) to the center of the femoral
head (white dot), and the vertical line (white line) passing through the center of the femoral head. (B) Method for measuring the
ACEA on a simulated FP radiograph. The angle between the line (red line) from the anterior edge of the dense shadow of the
acetabular dome (red dot) to the center of the femoral head (white dot) and the vertical line (white line) passing through the center
of the acetabulum is the sourcil ACEA. The angle between the line (yellow line) from the anterior bone edge (yellow dot) to the
center of the femoral head (white dot) and the vertical line (white line) passing the center of the acetabulum is the bone-edge
ACEA. ACEA, anterior center-edge angle; FP, false-profile.
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RESULTS

All sourcil ACEA measurements on the standard FP radio-
graphs obtained by both observers were normally distrib-
uted. In addition, all sourcil, bone-edge, and true ACEA
measurements on the simulated FP radiographs obtained
by both observers were normally distributed.

Intraobserver and Interobserver Reliability

The ICC values for intraobserver and interobserver reli-
ability for all ACEA measurements are shown in Table 1.
Regarding sourcil ACEA measurements on the standard
FP radiographs, observer A’s first measurement was 7.5�
6 15.6� (range, –24.8� to 37.0�), and his second measure-
ment was 10� 6 16.4� (range, –31.3� to 40.9�). Observer
B’s first measurement was 3.6� 6 17.8� (range, –48� to
34�), and his second measurement was 3.9� 6 15.3� (range,
–27.3� to 35.4�). The intraobserver reliability of both
observers as well as the interobserver reliability were all
considered good.

When the sourcil ACEA was measured on the simulated
FP radiographs, observer A’s first measurement was 7.4� 6

15.2� (range, –25.9� to 44.3�), and his second measurement
was 6.2� 6 15.7� (range, –32.8� to 43.2�). Observer B’s first
measurement was 5.4� 6 13.9� (range, –26.3� to 46.1�), and
his second measurement was 5.9� 6 14.5� (range, –27.7�
to 42.4�). The intraobserver reliability of both observers
and the interobserver reliability were all interpreted as
very good.

When the true ACEA was measured on the simulated
FP radiograph, observer A’s first measurement was 14�
6 13.6� (range, –17.4� to 45.0�), and his second measure-
ment was 13.5� 6 13.7� (range, –18.4� to 39.9�). Observer
B’s first measurement was 16� 6 12.2� (range, –11.9� to
46�), and his second measurement was 15.6� 6 12.8�
(range, –21.1� to 44.1�). The intraobserver reliability of
both observers was considered excellent, and the interob-
server reliability was considered good.

When the bone-edge ACEA was measured on the simu-
lated FP radiograph, observer A’s measurement was 33.3�
6 10.2� (range, 8.1�-53.2�), and his second measurement
was 31.9� 6 10.1� (range, 9.9�-56.6�). Observer B’s first

Figure 2. Method of measuring the true ACEA: The best-fit circle (blue dotted circle) of the highlighted area of the acetabulum
was determined. The angle between the line (blue line) from the point (blue dot), where the acetabular rim leaves the blue circle to
the center of the femoral head (white dot), and the vertical line (white line) passing through the center of the acetabulum was
defined as the true ACEA. (A) The simulated FP radiograph. (B) The mirror image shown on the 3D model of the pelvis. ACEA,
anterior center-edge angle; FP, false-profile; 3D, 3-dimensional.

TABLE 1
Intraobserver and Interobserver Reliabilitya

Intraobserver ICC (95% CI)b Interobserver ICC (95% CI)b

Observer A Observer B First Measurement Second Measurement

Sourcil ACEA on standard FP radiograph 0.78 (0.65-0.78) 0.78 (0.64-0.86) 0.79 (0.64-0.88) 0.71 (0.46-0.84)
Sourcil ACEA on simulated FP radiograph 0.95 (0.92-0.97) 0.93 (0.89-0.96) 0.92 (0.86-0.96) 0.91 (0.84-0.95)
Bone-edge ACEA on simulated FP radiograph 0.87 (0.78-0.93) 0.9 (0.82-0.94) 0.84 (0.64-0.92) 0.86 (0.76-0.92)
True ACEA on simulated FP radiograph 0.94 (0.89-0.97) 0.88 (0.79-0.93) 0.76 (0.61-0.86) 0.79 (0.66-0.88)

aACEA, anterior center-edge angle; ICC, interclass correlation coefficient; FP, false-profile.
bICC values: \0.20 = poor agreement; between 0.21-0.40 = fair agreement; between 0.41-0.60 = moderate agreement; between 0.61-0.80 =

good agreement; and between 0.81-1 = very good agreement.
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measurement was 30.3� 6 10.2� (range, 1.4�-47.9�), and his
second measurement was 30.8� 6 9.9� (range, 11.1�-49.1�).
The intraobserver reliability of both observers and the
interobserver reliability were considered excellent.

Comparison of ACEA Measurements

Figure 3 shows the distribution of the different ACEA
measurements. The mean sourcil ACEA on the standard
FP radiograph was 6.3� 6 14.9� (range, –29.5� to 33.5�),
while the mean sourcil ACEA on the simulated FP radio-
graph was 6.2� 6 14.4� (range, –27.9� to 44�). A paired t
test showed no difference (t = 0.03; P = .976). The mean
value of the true ACEA measurements was 14.8� 6 12.2�
(range, –16.8� to 42.9�), which was 8.6� 6 8.4� (range, –
3.9� to 31.7�) larger than that of the sourcil ACEA meas-
urements. A paired t test showed a significant difference
between them (t = 7.06; P \ .001), and there was a strong
correlation between them (r = 0.81, P \ 0.001). The mean
value of the bone-edge ACEA measurements was 31.6� 6

9.6� (range, 7.6� to 50.2�), which was 16.8� 6 10.4� (range,
–1.7� to 45.4�) larger than that of the true ACEA measure-
ments. A paired t test showed a significant difference
between them (t = 11.15; P \ .001), and there was a moder-
ate correlation between them (r = 0.57; P \ .001) (Figure 3).

DISCUSSION

Our results showed that the mean value of the sourcil
ACEA measurements was only slightly smaller from the
true ACEA measurements, with a difference of 8.6� 6

8.4� (range, –3.9� to 31.7�). However, the bone-edge
ACEA measurements had a significantly larger mean

value of 16.8� 6 10.4� (range, –1.7� to 45.4�) than the
true ACEA measurements. The sourcil ACEA and true
ACEA measurements had a strong correlation (r = 0.81;
P \ .001), whereas the bone-edge ACEA and true ACEA
measurements had only a moderate correlation (r = 0.57;
P \ .001).

Because humans walk upright, the main function of the
human hip joint is to support the body’s weight. This sup-
port is accomplished by the contact between the surface of
the acetabulum and the femoral head.31 Identifying the
edge of the hip joint contact is important for evaluating
hip stability and guiding osteotomy surgeries to recon-
struct hip stability. For a hip joint without a previous sur-
gical history, the contacting surface of the acetabulum
includes only the articular surface and not surrounding
bony structures, such as the anterior inferior iliac spine
(AIIS).11 It is difficult to determine with the naked eye
where the anterior edge of the contact area is on a standard
FP radiograph, whether it is the anterior edge of the sour-
cil or the anterior bone edge.

Because the femoral head is approximately spherical,
the articular surface of the acetabulum in contact with
the femoral head is also a part of a sphere (Figure 2B),
and its projection onto a plane is a part of a circle. (Figure
2A) Therefore, we defined the part of the acetabulum
attached to the external tangential circle of the acetabu-
lum as the actual acetabulum. The edge of the acetabulum
was defined as the point at which the acetabular edge line
diverged from the external tangent circle of the acetabular
surface. Based on this approach, we were able to evaluate
further whether our standard anterior coverage measure-
ments on standard FP radiographs were representative
of the anterior coverage of the hip joint surface.

Before testing the accuracy of other measurements, we
measured the sourcil ACEA on both standard and simu-
lated FP radiographs to confirm whether our simulated
images were accurate representations of the standard FP
radiographs, which were obtained with the patient in the
standing posture. There was no difference in sourcil
ACEA values between those measured on the standard
versus the simulated images. The intra- and interobserver
reliability of the sourcil ACEA measurements on standard
FP radiographs were good, which is similar to the reliabil-
ity reported in previous literature.3,5,6 However, when we
measured the sourcil ACEA on the simulated FP radio-
graphs, both the intra- and interobserver reliability
increased from good to very good. This indicates that our
simulated images were able to represent anatomical fea-
tures with improved clarity compared with standard FP
radiographs, potentially resulting in enhanced reproduc-
ibility and measurement accuracy.

When the sourcil ACEA was compared with the true
ACEA, we found that the anterior point of the actual joint
surface and the anterior edge of the sourcil were not
located exactly in the same position but were always
slightly anterior (Figure 4); however, they were always
quite close. We found that the true ACEA was always
larger than the sourcil ACEA, with a mean difference of
8.6� 6 8.4�. A very strong correlation (r = 0.81) existed
between the true ACEA and the sourcil ACEA.

Figure 3. Distribution of the ACEA measurements on the
standard and simulated FP radiographs. The mean Lequesne
ACEA was 6.3� 6 14.9�, the mean sourcil ACEA was 6.2� 6

14.4�, the mean bone-edge ACEA was 14.8� 6 12.2�, and the
mean true ACEA was 31.6� 6 9.6�. All measured values were
normally distributed. ACEA, anterior center-edge angle; FP,
false-profile.
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When the bone-edge ACEA was compared with the true
ACEA, the distance between the anterior point of the
actual joint surface and the anterior edge of the bone
edge was larger than that between the sourcil ACEA and
the true ACEA. This led us to conclude that the size of
the AIIS had an impact on the difference between the
bone-edge ACEA and the true ACEA. A previous study
has demonstrated that the size of the inferior iliac spine
can be accurately measured on an FP radiograph.18

When the AIIS protruded forward, the difference between
them was larger (Figure 4A). In contrast, the difference
between them was smaller when the AIIS was flat (Figure
4B). A previous study has indicated that patients with ace-
tabular dysplasia often have a prominent AIIS.25 In our
clinical practice, our patients have consistently shown, as
supported by this study, that for most hips, the bone-edge
ACEA is significantly larger than the true ACEA because
of the effect of the AIIS. In this study, the bone-edge
ACEA was 16.8� 6 10.4� larger than the true ACEA, with
only a moderate correlation between the 2 (r = 0.57).

In addition to confirming the difference between sourcil
ACEA and bone-edge ACEA, which matches the results of
previous studies,4,24 in this experiment, we found that nei-
ther the sourcil ACEA nor the bone-edge ACEA represent
the actual anterior hip coverage precisely. When the
ACEA is discussed, it should be specified which landmark
is used. Using the anterior edge of the sourcil may lead to
underestimating the anterior coverage of the hip, while
using the anterior bone edge may lead to overestimation.
Considering both, using the anterior edge of the sourcil is
recommended to reduce error.

Limitations

The limitations of this study are as follows: (1) The center-
edge angle of the acetabulum should be measured from the
center of the femoral head. Because we did not include
patients with subluxation in the design phase of the

experiment, we assumed that there was no measurable dis-
tance between the rotational centers of the femoral head
and acetabulum, which was confirmed by our pilot study.
Therefore, the femoral heads were not segmented in the
CT data to save time and labor costs. During measure-
ments, we used the center of the acetabulum instead of
the center of the femoral head. In this study, we found
no landmarks that can represent the actual anterior ace-
tabular coverage on the standard FP radiographs better
than the sourcil ACEA or the bone-edge ACEA. We are cur-
rently performing further research on this topic.

CONCLUSION

In this study, the sourcil ACEA was strongly correlated
with the true ACEA, and it can be used as a better surro-
gate of true ACEA before and after periacetabular osteot-
omy. The bone-edge ACEA is less recommended for
assessing anterior contact of the hip joint because it is
affected by the morphology of the AIIS, which does not con-
tact the femoral head.

REFERENCES

1. Agricola R, Heijboer MP, Roze RH, et al. Pincer deformity does not

lead to osteoarthritis of the hip whereas acetabular dysplasia does:

acetabular coverage and development of osteoarthritis in a nation-

wide prospective cohort study (CHECK). Osteoarthritis Cartilage.

2013;21(10):1514-1521.

2. Akiho S, Yamamoto T, Kinoshita K, Matsunaga A, Ishii S, Ishimatsu T.

The utility of false-profile radiographs for the detection of osteoarthri-

tis progression in acetabular dysplasia. JB JS Open Access.

2017;2(4):e0023.

3. Anderson LA, Gililland J, Pelt C, Linford S, Stoddard GJ, Peters CL.

Center edge angle measurement for hip preservation surgery: tech-

nique and caveats. Orthopedics. 2011;34(2):86.

4. Aoki SK, Mozingo JD, Schuring LL, Anderson AE, Rosenthal RM.

Using sourcil vs bone margin as anatomic landmark on false-profile

radiographs yields different ACEA values: response. Orthop J Sports

Med. 202;10(7):23259671221112438.

Figure 4. In the simulated FP radiograph, the difference between the bone-edge ACEA and the true ACEA is influenced by the
size of the AIIS. (A) When the AIIS protrudes forward, the difference is larger. (B) When the AIIS is flat, the difference is smaller.
ACEA, anterior center-edge angle; AIIS, anterior inferior iliac spine; FP, false-profile.

6 Cheng et al The Orthopaedic Journal of Sports Medicine



5. Bouttier R, Morvan J, Mazieres B, et al. Reproducibility of radio-

graphic hip measurements in adults. Joint Bone Spine. 2013;80(1):

52-56.

6. Carlisle JC, Zebala LP, Shia DS, et al. Reliability of various observers

in determining common radiographic parameters of adult hip struc-

tural anatomy. Iowa Orthop J. 2011;3:52-58.

7. Chadayammuri V, Garabekyan T, Jesse MK, et al. Measurement of

lateral acetabular coverage: a comparison between CT and plain

radiography. J Hip Preserv Surg. 2015;2(4):392-400.

8. Chen S, Zhang L, Mei Y, Zhang H, Hu Y, Chen D. Role of the anterior

center-edge angle on acetabular stress distribution in borderline

development dysplastic of hip determined by finite element analysis.

Front Bioeng Biotechnol. 2022;10:823557.

9. Cheng H, Liu L, Yu W, Zhang H, Luo D, Zheng G. Comparison of 2.5D

and 3D quantification of femoral head coverage in normal control

subjects and patients with hip dysplasia. PLoS One. 2015;10(11):

e0143498.

10. Cheng H, Zhang L, Luo D, et al. Determining anterior hip coverage in

patients with hip dysplasia using the anterior center-edge angle on

Lequesne’s false-profile radiograph and on computed tomography.

J Hip Preserv Surg. 2023;10:42-47.

11. Cheng H, Zhang Z, Sun W, et al. Can we determine anterior hip cov-

erage from pelvic anteroposterior radiographs? A study of patients

with hip dysplasia. BMC Musculoskelet Disord. 2023;24:522.

12. Crockarell JR Jr, Trousdale RT, Guyton JL. The anterior centre-edge

angle. A cadaver study. J Bone Joint Surg Br. 2000;82(4):532-534.

13. Crowe JF, Mani VJ, Ranawat CS. Total hip replacement in congenital

dislocation and dysplasia of the hip. J Bone Joint Surg Am.

1979;61:15-23.

14. Fedorov A, Beichel R, Kalpathy-Cramer J, et al. 3D Slicer as an

image computing platform for the Quantitative Imaging Network.

Magn Reson Imaging. 2012;30(9):1323-1341.

15. Hanson JA, Kapron AL, Swenson KM, Maak TG, Peters CL, Aoki SK.

Discrepancies in measuring acetabular coverage: revisiting the ante-

rior and lateral center edge angles. J Hip Preserv Surg. 2015;2(3):

280-286.

16. Hayashi S, Hashimoto S, Matsumoto T, et al. Overcorrection of the

acetabular roof angle or anterior center-edge angle may cause

decrease of range of motion after curved periacetabular osteotomy.

J Hip Preserv Surg. 2020;7(3):583-590.

17. Jackson TJ, Estess AA, Adamson GJ. Supine and standing AP pelvis

radiographs in the evaluation of pincer femoroacetabular impinge-

ment. Clin Orthop Relat Res. 2016;474(7):1692-1696.

18. Karns MR, Adeyemi TF, Stephens AR, et al. Revisiting the anteroin-

ferior iliac spine: is the subspine pathologic? A clinical and radio-

graphic evaluation. Clin Orthop Relat Res 2018;476:1494-1502.

19. Lequesne MG, Laredo JD. The faux profil (oblique view) of the hip in

the standing position. Contribution to the evaluation of osteoarthritis

of the adult hip. Ann Rheum Dis. 1998;57(11): 676-681.
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