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Abstract
Background The available evidence regarding normal
ranges for the center-edge angle and the alpha angle
derives from a few small studies, and associated factors
such as sex and anthropometric factors have not been well
evaluated. Knowing more about normal values for these
parameters is critical, because this can inform decisions
about when to perform elective hip preservation surgery.
Population-level studies would provide considerable

clarity on these issues, but to our knowledge, no such
studies are available.
Questions/purposes The purposes of this study were (1) to
useMRI in patients of a population-based study to establish
normal values for the alpha and center-edge angles in the
normal adult hip; and (2) to determine whether age, sex, or
anthropometric variables were associated with differences
in these values.
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Methods We usedMRI images (1.5 T) of 3226 participants
of the Study of Health in Pomerania (SHIP). SHIP is a
population-based study that started with 4308 participants in
1997. Participants were recruited randomly from official
inhabitant data files as a stratified cluster sample of the
population from a defined region in northeastern Germany.
To ensure a representative epidemiologic cohort, stratifica-
tion variables were sex, age, and city of residence. Between
2008 and 2012, 1094 of these participants underwent whole-
body MRI with pelvic sequences in the second followup. In
parallel, the next cohort, SHIP-Trend, started with the same
protocol in which 2132 participants underwent MRI exam-
ination. Reference values were calculated by quantile
regressions for the 2.5th and 97.5th percentiles. Associations
with the demographic features sex, age, weight, height, body
mass index (BMI), and waist circumference were analyzed
by bivariate linear regression models.
Results Themean center-edge angle was 31° (6 7°) with a
corresponding calculated normal range of 17° to 45°. The
mean alpha angle was 55° (6 8°) with a corresponding
calculated normal range between 39° and 71°. Men (30°6
7°) had a lower center-edge angle than women (32° 6 8°)
(p < 0.001, b = 1.4°; 95% confidence interval [CI], 0.9°-
1.9°) and a higher alpha angle (57° 6 8° versus 52° 6 7°,
p < 0.001,b = 5.7°; 95%CI, 5.2°-6.3°). Moreover, a higher
center-edge angle for the left side was found (33° 6 8°
versus 30°6 8°, p < 0.001, b =3.2°; 95% CI, 3.0°-3.4°). In
addition to sex, we found that age, height, waist circum-
ference, and BMI affected both center-edge angle and al-
pha angle. Weight was associated with the alpha angle as
well. Because of these associations, age- and sex-adjusted
reference values with belonging formulas were calculated.
Conclusions The range of normal center-edge and alpha
angles is quite wide. Therefore, only markedly abnormal
angles may be associated with pathology. Moreover,
center-edge angle and alpha angle are associated with age,
sex, and anthropometric factors, which have to be taken
into account for better interpretation.
Clinical Relevance The association of abnormal radio-
graphic values with true clinical hip pathology is tenuous at
best. Assuming that a patient with an abnormal radiograph
requires treatment is unwise. The clinical picture has to be
substantial for therapeutic decisions.

Introduction

Radiographic descriptions such as angular measurements of
hipmorphology are often used as part of the decision-making
process for surgery [11, 14, 33, 35, 44, 53], but the justifi-
cation for use of certain thresholds or values is surprisingly
sparse. Presumed normal values for center-edge angle [54] or
alpha angle [39] were developed on small sample sizes in
hospital-based studies.Wiberg [54] first described the center-

edge angle to quantify the lateral coverage of the femoral
head by the acetabulum. Traditionally, the center-edge angle
has beenmeasured onAP radiographs [11, 44, 53, 54], but in
recent decades, several studies measured the center-edge
angle using coronal CT images [12, 20, 35, 47]. Values be-
low 20° are considered an indicator of hip dysplasia [11, 13,
18, 23, 29, 33, 37, 38, 53]. In addition, the center-edge angle
is frequently utilized in the assessment of pincer-type fem-
oroacetabular impingement (FAI) [42], but no generally ac-
cepted thresholds are established yet (> 40° [8, 9, 48] or > 45°
[18, 31]). The alpha angle is a frequently used angle in FAI
diagnostics. In 2002, Nötzli et al. [39] developed the alpha
angle on MRI to quantify the femoral head-neck junction.
Today, the alpha angle is the most commonly used tool to
assess cam-type FAI [42]. It is measured, partially modified,
in various planes on CT [4], MRI [19, 26, 28, 39], or
radiographs [10, 17]. Probably as a consequence of different
assessment techniques and a lack of epidemiologic data,
cutoff values for a cam deformity range between 50° [39] and
83° [17]. Therefore, generally accepted reference values for
the alpha angle have not yet been established [31].

Because of a lack of consensus on what constitutes a
“normal” hip with respect to the center-edge angle or the
alpha angle, different authors have cited different criteria
for determining what should be considered pathologic. In
addition, several studies have examined possible associa-
tions between age [2, 3, 7, 15-17, 27, 34, 36, 40, 49, 50, 53]
and sex [23, 32, 53], whereas no associations with height
and weight have been found yet [13, 56]. Moreover,
varying results for side differences are described [14, 34,
37, 47, 53, 56]. These studies have typically been limited
by small groups, hospitalized participants, nonpopulation-
based cohorts, or inconsistent techniques. In addition, be-
cause of differences in patient groups, some studies are
contradictory [4, 5, 19, 26, 27, 46, 56]. Moreover, to our
knowledge, none of them established reference values that
take associations like age and sex into account.

We therefore used a large database to evaluate the typical
hip and associations in a large population-based cohort of
adults. Specifically, we sought (1) to useMRI in patients of a
population-based study to establish normal values for the
alpha angle and the center-edge angle in the normal adult hip;
and (2) to determine whether age, sex, or anthropometric
variables were associated with differences in these values.

Patients and Methods

Design and Sample

This study was an associated project (SHIP/2015/145/D) of
the epidemiological Study of Health in Pomerania (SHIP)
[21, 52]. We used data from 3283 volunteers (mean age, 53
6 14 years; range, 21–90 years). SHIP is an ongoing
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population-based cohort study with two independent cohorts
based on the same protocol, SHIP and SHIP-Trend. Partic-
ipants were recruited randomly from official inhabitant data
files as a stratified cluster sample of the population from a
defined region in northeastern Germany (northern and east-
ern Pomerania). To ensure a representative cohort, stratifi-
cation variables were sex, age, and city of residence. The
aims of SHIP are the identification of diseases, their risk
factors, and the complex associations among them. For the
baseline assessment of SHIP (SHIP-0), 6265 eligible adults
were chosen; 4308 participated, of whom 2192 were women
(68.8% response rate). The examinations of participants in
SHIP-0 were performed between 1997 and 2001. Two fol-
lowup examinations took place: SHIP-1 between 2002 and
2006 (n = 3300) and SHIP-2 between 2008 and 2012 (n =
2333). In 2008, a stratified sample of 8016 adults was drawn
from the central population registry for the second cohort
(SHIP-Trend). After exclusion of deceased and relocated
individuals, 4420 patients (2275 women) were examined
(response rate of 50.1%) [52]. The invitation procedure
consisted of three written invitations, phone calls, and one
personal contact. Further details on recruitment have been
described elsewhere [25, 43, 52].

In this study, we included all SHIP-2 and SHIP-Trend
participants with a complete hip protocol of the whole-
bodyMRI. Overall 3317 of 6753 adults (SHIP-2 and SHIP-
Trend) participated voluntarily in the MRI examination.
Reasons for dropping out were, for example, known
claustrophobia, metal implants, personal reasons, or a
pacemaker. Of 3317 potential participants, 34 did not
complete their pelvic MRI as a result of acute claustro-
phobia. Moreover, we excluded 57 MRIs because of
missing data (36), THA (18), extreme deformity (two), or
suboptimal quality (one). In total, 3226 MRI were eligible
for the current study (Fig. 1). Each participant provided
written informed consent, and the local ethics commission
approved the study. Of 3226 participants, 50.8% (n = 1639)
were women. The mean age was 53 6 14 years with no
difference between sexes. Body weight, body height, body
mass index (BMI), and waist circumference were higher in
men (Table 1).

MRI Protocol

ApelvicMRIwas performed as part of a standardized whole-
body MRI in a 1.5-Tesla MR scanner (Magnetom Avanto;
Siemens Medical Systems, Erlangen, Germany). All partic-
ipants were placed in a supine position. Four trained techni-
cians (AD, PB, BO, VR) performed all MRI examinations
in a standardizedmanner. The complete imaging protocol and
procedure is given by Hegenscheid et al. [21, 22].

Center-edge angle and alpha angle were assessed using
coronal turbo inversion recovery magnitude sequence

(repetition time 4891 msec; echo time 67 msec; flip angle
180°; voxel size 2.1 x 1.6 x 5.0 mm; scan time 12:09
minutes) and an axial proton density-turbo spin echo-fat
saturation sequence of the pelvis (repetition time
3230 msec; echo time 34 msec; flip angle 180°; voxel size
1.6 x 1.6 x 3.0 mm; scan time 2:43 minutes).

Image Analysis

All measurements were performed by a trained observer
(CBF) using OsiriX version 5.8.5 software (OsiriX, Ber-
nex, Switzerland). The observer was blinded to partic-
ipants’ sex, age, and all other clinical characteristics. The
results were automatically documented and transferred to
the SHIP database. All measurements were performed on
the coronal planar image through the femoral head center,
which was identified by using axial slices simultaneously.

The center-edge angle was measured as the angle be-
tween the vertical axis of the pelvis and a line connecting
the femoral head center and the lateral acetabular margin
(Fig. 2). The vertical axis of the pelvis was represented by a
line connecting the center points of the femoral head of
both sides. In all measurements, the center of the femoral
head was assessed through the center of a best-fitting circle
outlining the femoral head [1, 45].

The alpha angle quantifies the femoral head-neck junction.
As described by Nötzli et al. [39], it is calculated as the angle
between the femoral neck axis and a line connecting the
femoral head center and the point where the femoral head
loses its sphericity. To measure it, the best-fitting circle in the
femoral head is drawn. Using the point where the head-neck
junction first leaves the circle, a line is drawn to the femoral
head center. Then the femoral neck axis was formed by con-
necting the femoral head center and the center of the femoral
neck, which is found through the midpoint at the narrowest
part of the femoral neck. Gosvig et al. [17] modified the alpha
angle for the AP plane. In the present study, we measured the
alpha angle according to Nötzli et al., but in the coronal plane
through the femoral head center (Fig. 3) [26, 28].

Data Analysis and Processing

To assess observer reliability in measuring center-edge angle
and alpha angle, one examiner (CSF) measured 25 cases
twice. Then another examiner (JL) measured the cases again.
Intrareader and interreader variability was analyzed by Bland
and Altman plots [6]. The intrareader and interreader vari-
ability of all measured parameters ranged between -0.49%6
2.46% and 1.78%6 4.35%, respectively (mean of difference
6 SD). No intrareader and interreader variabilities were
identified; thus, a good-quality standard was achieved.

Standard descriptive statistics such as mean values,
SDs, ranges, and percentiles were used to describe the
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study cohort. We used the Student’s t-test for numeric
variables and the chi-square test for categorical varia-
bles. All reported p values were two-tailed; p values <
0.05 were considered statistically significant.

We analyzed the correlation between both sides (left and
right) using Spearman’s correlation coefficient. Associations
of the center-edge angle and alpha angle with demographic
and anamnestic data, including possible interactions between

Table 1. Study cohort characteristics

Parameter Total Men Women p value*

Number 3226 1587 1639

Age (years) 53 6 14 (21-90) 53 6 14 (21-90) 52 6 13 (21-88) 0.802

Weight (kg) 80 6 15 (44-143) 88 6 13 (53-143) 73 6 13 (44-126) < 0.001

Height (cm) 170 6 9 (146-202) 177 6 7 (156-202) 164 6 6 (146-189) < 0.001

BMI (kg/m2) 28 6 4 (17-48) 28 6 4 (18-42) 27 6 5 (17-48) < 0.001

Waist† (cm) 90 6 13 (55-145) 96 6 11 (66-145) 84 6 12 (55-122) < 0.001

Data are presented as mean 6 SD (range).
*sign test.
†waist circumference (data for two women and one man were missing).

Fig. 1 The flow diagram shows the cohort from inclusion to the final study population.
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the parameters, were determined by linear regression analysis.
We tested fractional polynomials for potential nonlinear
associations between age and the angles. Interactions between
age and sex were tested and p < 0.1 was considered statisti-
cally significant for these analyses.

Stratified by sex, age-specific upper and lower reference
limits were calculated by quantile regressions for the 2.5th
and 97.5th percentiles. According to previous studies, ref-
erence values were additionally calculated by the 95% ref-
erence interval (mean6 1.96 SD) [15, 41]. All processing of
statistics was performed with Stata 14.1 (Stata Corp LLC,
College Station, TX, USA).

Results

Mean Center-edge Angle and Alpha Angle in
This Population

The mean center-edge angle was 31° (6 7°) with a corre-
sponding calculated normal range of 17° to 45°. The mean

alpha angle was 55° (6 8°) with a corresponding calculated
normal range between 39° and 71°. Men (30° 6 7°) had a
lower center-edge angle than women (32°6 8°) (p < 0.001,
b = 1.4°; 95% confidence interval [CI], 0.9°-1.9°) and a
higher alpha angle (57° 6 8° versus 52° 6 7°, p < 0.001,
b = 5.7°; 95% CI, 5.2°-6.3°). Moreover, there was a dif-
ference of 3° between right (30° 6 8°) and left (33° 6 8°)
for the center-edge angle (p < 0.001; 95% CI, 3.0°-3.4°).
No side differences were detected for alpha angle (55° 6
10° versus 54°6 10°, p = 0.976; Table 2). As a result of the
differences in sex, separate normal ranges were calculated
for men and women (Table 3). Furthermore, because of
known associations with sex and age, figures and formulas
with adjusted reference values for women (Fig. 4A) and
men (Fig. 4B) for the center-edge angle were developed.
Accordingly, figures and formulas for the alpha angle
(women: Fig. 4C, men: Fig. 4D) were provided.

Factors Associated With Center-edge Angle and
Alpha Angle

Center-edge Angle

For the center-edge angle, we observed associations be-
tween increasing center-edge angle and increasing age,
increasing height, decreasing BMI, and decreasing waist
circumference. As age increased, the center-edge angle

Fig. 2 Wiberg’s center-edge angle is composed of a and b; a =
line perpendicular to the connection line between each fem-
oral head center (C1 und C2); E = lateral acetabular margin; b =
line through C1 and E.

Fig. 3 The alpha angle (a) is composed of A and B; A = axis
through the departure of the radius (r) of the femoral head; B =
femoral neck axis; C = center of the femoral head.
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increased likewise, more so in younger patients than older
patients (p < 0.001). Furthermore, women had a 1.4° higher
center-edge angle thanmen (p < 0.001; 95%CI, 0.9°–1.9°).
As a result of these associations, age- and sex-adjusted
reference values were calculated for women (Fig. 4A) and
men (Fig. 4B). The association between BMI and center-
edge angle increases with higher BMI (eg, 0.4° from
20 kg/m2 to 25 kg/m2 and 1.4° from 30 kg/m2 to 35 kg/m2,
p < 0.001). Weight had no association with the center-edge
angle (Fig. 5). In contrast, height was linked to the center-
edge angle; per 10-cm of height, the center-edge angle
decreases approximately by 1° (p < 0.001; Fig. 6). Waist
circumference was negatively associated with center-edge
angle (p < 0.001). Apart from these associations, we
observed a tight correlation between left and right hips (r =
0.647, p < 0.001). The alpha angle was not associated with
center-edge angle (p = 0.058).

Alpha Angle

We observed associations for an increased alpha angle with
increasing age, increasing height (in women but not in
men), decreasing BMI, decreasing weight, and decreasing
waist circumference. The alpha angle in right and left hips
was the same (r = 0.366, p < 0.001). Furthermore, the mean
alpha angle was 5.7° lower in women than in men (p <
0.001; 95% CI, 5.21°-6.25°). With increasing age, the

alpha angle increased (p = 0.002, 0.3°/10 years) for the
group as a whole; however, we found that the alpha angle
increases with age for women but not for men (p < 0.001).
As a result of these associations, age- and sex-specific
reference values were calculated separately for women
(Fig. 4C) and men (Fig. 4D). With higher BMI, the alpha
angle decreases (p < 0.001). Weight was associated with
the alpha angle as well, whereby the alpha angle narrows as
weight increases (p < 0.001; Fig. 5). Taller patients had
greater alpha angles (p < 0.001; Fig. 6); for every additional
10 cm of height, the alpha angle increased by 2.5°. Greater
waist circumference was associated with a lower alpha
angle (p < 0.001).

Discussion

Radiographic descriptions such as the center-edge angle and
the alpha angle are often used as part of the decision-making
process for orthopaedic hip surgery, but the justification for
use of certain thresholds or values is surprisingly sparse. In
addition, several associations with sex and age are de-
scribed, but other possible associations with anthropo-
metric data are rarely investigated. Moreover, to our
knowledge, there is no study that took those associations
into account while calculating reference values. Therefore,
the aim of the present study was to determine reference
values for the center-edge angle and alpha angle, to

Table 2. Center-edge angle and alpha angle

Parameter Total Men Women

Number 3226 1587 1639

CE right (°)* 30 6 8 (2-61) 29 6 8 (2-61) 30 6 8 (6-61)

CE left (°)* 33 6 8 (4-61) 32 6 8 (4-60) 33 6 8 (7-61)

CE mean (°)* 31 6 7 (7-61) 30 6 7 (10-55) 32 6 8 (7-61)

AA right (°)* 55 6 10 (32-133) 58 6 10 (37-100) 52 6 9 (32-133)

AA left (°)* 54 6 10 (29-109) 57 6 10 (36-101) 52 6 8 (29-109)

AA mean (°)* 55 6 8 (34-111) 57 6 8 (39-96) 52 6 7 (34-111)

Data are presented as mean 6 SD (range); center-edge angle mean and alpha angle mean, and mean of left and right side.
*sign test (men versus women) p < 0.001; paired t-test (total right versus total left); center-edge angle, p < 0.001; alpha angle, p =
0.976.

Table 3. Calculated reference values

Angle Population Mean 95% reference interval

Center-edge angle Total (n = 3226) 32° 17°–45°

Men (n = 1587) 30° 17°–44°

Women (n = 1639) 32° 18°–45°

Alpha angle Total (n = 3226) 55° 39°–71°

Men (n = 1587) 57° 41°–74°

Women (n = 1639) 52° 39°–65°
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investigate associated factors, and to calculate adjusted
reference values. The mean center-edge angle was 31° 6
7° with a corresponding normal range of 17° to 45°. The
mean alpha angle was 55° (6 8°) with a corresponding
calculated normal range between 39° and 71°. We found
that radiographic values differed, depending on age, sex,
and anthropometric data, and calculated reference values
on this basis (Fig. 4).

A limitation of the present study may be the assessment
of the center-edge angle and alpha angle on coronal MR
images. However, becauseMRI examinations are available
and frequently used all over the world, more and more
studies use them to assess those angles [1, 26, 28, 47]. It
may be argued that coronal images are not adequate for
measurements of the alpha angle and direct transfer to ra-
diographic evaluation might be limited as well. However,
as Gosvig et al. [17] revealed, most femoral head-neck

Fig. 5 The association of center-edge angle and alpha angle
with increasing body weight is shown. The alpha angle
decreases, whereas the center-edge angle stays steady.

Fig. 4 A-D Sex- and age-dependent reference values for center-edge angle and alpha angle based on fractional polynomials
are shown. Reference values of center-edge angle for women (A) and men (B) increase with age. The formulas for women are
10.04 + 0.181 3 age for the lower limit and 31.68 + 0.241 3 age for the upper limit. For men, the lower limit is calculated by
11.91 + 0.116 3 age and the upper limit by 32.15 + 0.223 3 age. The adjusted reference values for alpha angle increase for
women (C, formula lower limit: 37.19 + 0.0803 age, upper limit 60.31 + 0.1103 age), whereas they stay nearly steady for men
(D, formula lower limit 43.99 + 0.008 3 age, upper limit of 74.58 + 0.036 3 age). All reference values are given with
corresponding 95% CIs.

Volume 476, Number 11 Alpha and Center-edge Angle Normal Values 2255

Copyright � 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



malformations can be detected on AP radiographs at an
acceptable level. Therefore, they concluded that the AP
view is a viable method for epidemiologic acquisition on
the alpha angle. Other studies, for example, the population-
based approach of Laborie et al. [30] or Jung et al. [27], also
used the AP view. Because AP radiographs are the most
similar plane to the coronal view used here and many
similarities in means are given for center-edge angle (Fig.
7) and alpha angle (Fig. 8), we believe that our measure-
ments in coronal MR images are reliable. However, be-
cause of the three-dimensional morphology of the femoral
head-neck junction, it is possible that the alpha angle could
even have been underestimated. Despite this limitation,
other acquisition techniques showed similar values for the
alpha angle [19, 31, 51]. Another weakness of the current
study is the cross-sectional design, which only provides
associations but no cause-and-effect relationships. For
cause-and-effect relationships, longitudinal studies will be
needed. In our opinion, it is nonetheless important to know
the relationships in a normal population, whether they are
associations or causations, because associations have to be
taken into account for surgical decisions as well. A further

upcoming question might be how representative our pop-
ulation is for Pomerania. Through the randomized selection
mechanism and the stratification variables (sex, age, and
city of residence), ours can be considered representative.
Although we did not exclude any participants based on
ethnicity, our study had a relatively homogeneous white
population. Some studies described ethnic differences for
the center-edge angle [34, 44, 51, 55] and the alpha angle
[26, 51]; therefore, the values seen in our study may not
apply to nonwhite individuals. Another limitation is the
possible inclusion of participants with hip pathology.
However, because severe pathology is mostly treated by
surgery with metal implants, these participants are ruled
out because of the contraindication for MRI. Moreover,
whole-body MRI was voluntary and took approximately 2
hours. Therefore, it can be assumed that participants with
severe pain (eg, hip or back pain) did not undergo or
aborted this procedure. Furthermore, we studied a general
population, so it can be expected that the majority of par-
ticipants are healthy and without pathology. As a result of
these reasons, we assume that reliable population-based
reference values are provided, which has been the purpose
of our study.

The values we obtained are in rough accordance with
other studies for both the center-edge angle (Fig. 7) and the
alpha angle (Fig. 8). However, different ranges have been
published as reference values. Wiberg [54] originally de-
clared center-edge angle < 20° as pathologic, whereas the
upper thresholds vary from > 40° [8, 9, 48] to > 45° [18,
31]. For studies on normal values, various results are de-
scribed. Fowkes et al. [14] assessed reference values be-
tween 22.5° and 50.1°. Other small studies described
ranges from 27° to 55° [47] and 23° to 43° [24]. As a result
of the small sample sizes and nonpopulation-based selec-
tion, direct comparison of the results is challenging. In a
large, nonpopulation-based cohort, Werner et al. [53] de-
termined normal values ranging between 18.1° and 48.0°
using 1226 hip radiographs. In a young (mean age, 18.6
years) Norwegian cohort, Laborie et al. [29] described
normal values between 20.8° and 45.0° for men and 19.6°

Fig. 7 A-B Means and SDs of center-edge angle for women (A) and men (B) of previous
studies and the present study are shown for comparison.

Fig. 6 The association of center-edge angle and alpha angle
with increasing body height is shown. The alpha angle
increases, whereas the center-edge angle decreases.
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and 43.4° for women. Despite demographic differences,
the present epidemiologic study showed similar but
slightly lower reference values (Fig. 7). Werner et al. [53]
decided that they see no contradiction to the historic cutoff
with their difference of approximately 2°. Because we
assessed lower values as well, smaller angles should not
necessarily be considered pathologic. With respect to the
upper thresholds, our results support the use of center-edge
angle > 45°. Moreover, because of known associations
with age and sex, adjusted reference values seem advan-
tageous. Equally for the alpha angle, a consensus on
thresholds and reference values is lacking. Reasonable
explanations may be attributed to different modalities and
techniques in the assessment of alpha angles. Based on sex
differences, some authors proposed different thresholds for
men and women [15, 17, 31]. Despite different measure-
ment techniques and cohort sizes, some authors described
values similar to our data (Fig. 8). Lepage-Saucier et al.
[31] analyzed thresholds of 68° (men) and 69° (women) on
axial oblique CT data. Based on AP radiographs, Fraitzl
et al. [15] proposed thresholds of 70° for men and 61° for
women, a sex difference of almost 10°, like in the present
study. However, in their population-based study on AP
radiographs, Gosvig et al. [17] documented even greater
differences with cutoffs of 83° for men and 57° for women.
This could be caused by the different compositions of the
populations (age, sex, and region). Like in previous studies
[15, 17, 30], our results support the need for different
cutoffs according to sex and a higher threshold than ini-
tially described byNötzli et al. [39]. Consequently, we tried
to provide reference values based on our epidemiologic
study. Because other factors might influence the alpha
angle more, differentiated reference values might be
needed as well.

With respect to potential associations among age, an-
thropometric data, and hip morphology (center-edge angle
and alpha angle), we found consistent associations of the
center-edge angle with age. In addition, we assessed higher
center-edge angle for women (32° 6 8° versus 30° 6 7°,

p < 0.001; 95% CI, 0.9°–1.9°). This coincides with pre-
vious studies for the association with age [2, 3, 7, 16, 34,
36, 40, 50, 53] like the higher values for women [23, 32,
53], although they had smaller sample sizes,
nonpopulation-based approaches, or different measure-
ment modalities. Therefore, our study provided sub-
stantiation for those associations for white populations.
Consequently, we provided age- and sex-dependent refer-
ence values with a belonging formula for a more accurate
interpretation of center-edge angles. Moreover, we found
an association between body height and center-edge angle.
Because weight was not associated with center-edge angle,
only a minor negative association with BMI and waist
circumference was detected. Another difference was found
in sides (left > right, 33° 6 8 versus 30° 6 8, p < 0.001;
95% CI, 3.0°-3.4°), which is consistent with some studies
[34, 37], but different results are described as well [14, 47,
53, 56]. Because there is no evident explanation, it is
possible that these findings have no clinical relevance [53].

Like in most published studies [4, 15, 17, 27, 30, 46,
49], men had higher alpha angles in our population (57°6
8° versus 52°6 7°, p < 0.001; 95% CI, 5.21°-6.25°). This
coincides with previous studies, although they had differ-
ent populations. Thereby our study points out the differ-
ences in sex for white populations. In contrast to some
other studies [4, 19, 26, 27, 46], the SHIP population
showed a slight increase in alpha angle with age, whereas
an interaction between sex and age was found in which the
alpha angle increases with age for women but not for men.
This among others (smaller sample sizes, different com-
position of the sample sizes, or different ethnicity) might
be a reason for different results. As a result of these asso-
ciations, adjusted reference values were calculated and a
formula was provided for the alpha angle. In addition to
this, body height was positively associated with alpha an-
gle, whereas BMI, weight, and waist circumference had a
negative association.

Characterization of a patient’s hip as normal or patho-
logic can be difficult. This is particularly true when there is

Fig. 8 A-B Means and SDs of alpha angle for women (A) andmen (B) of previous studies and
the present study are shown for comparison. Toogood et al. [49] just presented mixed data
for women and men (*).
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substantial overlap between radiographic features that are
considered normal and those that are not. To date, there is
no consensus on thresholds and reference values. Here, we
provide values that can be readily obtained with re-
producible imaging protocols based on a large population
of adults. In addition to that, certain demographic features
may influence what should be considered normal. There-
fore, we proposed age- and sex-adjusted reference values,
which could be used for better interpretation. Because the
range of normal center-edge and alpha angles is quite wide,
it is likely that only notably abnormal angles may be as-
sociated with pathology. We caution that radiography in
isolation is not enough to label a hip as diseased and that
different populations may have different ranges of normal
angular measurements. Further studies would help assess
reference values for other populations. Moreover, longi-
tudinal studies should be performed for evidence of cause-
and-effect relationships.
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