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s u m m a r y

Objective: This paper aims to (i) identify differences in measures of hip morphology between four racial
groups using anteroposterior (AP) hip x-rays, and (ii) examine whether these differences vary by sex.
Methods: 912 hip x-rays (456 individuals) from four racial groups (European Caucasians, American
Caucasians, African Americans and Chinese) were obtained. Males and females (45e75 years) with no
radiographic hip OA (Kellgren and Lawrence < Grade 2 or Croft < Grade 1) were included. Eleven features
of hip joint morphology were analysed. Linear regression with generalised estimating equations (GEE)
was used to determine race and sex differences in hip morphology. Post-hoc Bonferroni procedure was
used to adjust for multiple comparisons.
Results: The final analysis included 875 hips. Chinese hips showed significant differences for the majority
of measures to other racial groups. Chinese were characterised by more shallow and narrow acetabular
sockets, reduced femoral head coverage, smaller femoral head diameter, and a lesser angle of alignment
between the femoral neck and shaft. Variation was found between other racial groups, but with few
statistically significant differences. The average of lateral centre edge angle, minimum neck width and
neck length differed between race and sex (p-value for interaction < 0.05).
Conclusions: Significant differences were found in measures of morphology between Chinese hips
compared to African Americans or Caucasian groups; these may explain variation in hip OA prevalence
rates between these groups and the lower rate of hip OA in Chinese. Sex differences were also identified,
which may further explain male-female prevalence differences for OA.
© 2019 The Authors. Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
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Introduction

Hip OA is a leading cause of pain and disability globally due to its
effects on functional movement and mobility1. The disease also
represents a significant economic burden due to associated
healthcare costs and loss of work2,3. Around 2.46 million adults in
England over 45 have hip OA, which is expected to double by 2020
due to population aging1,3e5. Identifying predisposing risk factors
for hip OA will allow preventative interventions to be designed for
at-risk individuals6.
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The prevalence of hip OA is known to vary between racial
groups7e9; in Chinese, hip OA is reportedly 80e90% lower than in
American Caucasians8. In African American males, prevalence of
hip OA appears slightly higher than in American Caucasian males
(21% vs 17%)9. Therefore, some population groups may be at
increased risk of disease development.

Shape and morphological differences of the proximal femur
and/or acetabulum are known to be associated with increased risk
of hip OA10e16. Osseous deformities at the femur head-neck junc-
tion create a non-spherical head shape (cam morphology)11,13,14,
while shape variants of the acetabulum include over-coverage
(pincer morphology) and under-coverage (dysplasia)13,14. These
morphologies may cause abnormal contact between the femur and
acetabulum which, when symptomatic, lead to femoroacetabular
impingement syndrome14. Previous studies have also identified
racial differences in cartilage composition at the knee, which has
implications for the hip17. Identifying variation in hip morphology
associatedwith OAmay allow identification of at-risk individuals or
population groups.

Differences in hip joint shape and morphology have been
identified between racial groups and the sexes. Chinese hips show
reduced coverage with a more spherical head shape of the femur
than Caucasians7,18, while African Americans show differences in
proximal femur and acetabular measures to Caucasians19. Among
African Americans20, Chinese8 and Japanese21, males show greater
prevalence of radiographic hip OA (RHOA) than females, with
Caucasian groups showing mixed results20,22. Pincer-type mor-
phologies are more common in women, with cam-type morphol-
ogies more prevalent in males12,23,24. These differences may lead to
increased risk of OA through changes in joint biomechanics and
loading10.

To date, hip joint morphology has not been compared in Euro-
pean Caucasians, American Caucasians, African Americans and
Chinese in a single study. Our aims include (i) to determine which
features of hip morphology vary among these groups; and (ii) to
investigate the interaction between race and sex on morphological
features. Understanding the impact of race and sex on hip
morphology will deepen our understanding of pathways to disease
development, underlining differences impacting on other OA-
related outcomes with reported racial disparities, i.e., pain and
function25,26, or surgical prosthesis types27.
Methods

Description of cohorts

X-Ray data was acquired from three population-based studies;
Chingford (European Caucasians), the Johnston County (JoCo)
Osteoarthritis Project (American Caucasians, African Americans),
and the Beijing Osteoarthritis Study (Chinese). Recruitment and
sampling details are reported elsewhere20,28,29. Each cohort ac-
quired images using a standardised radiographic protocol.
Chingford (CHIN) study

Chingford is a prospective, longitudinal cohort of OA and oste-
oporosis in women from the general population; all women aged
45e64 years and registered at the London-based practice were
invited to participate29. Supine AP hip x-rays were obtained with a
film-focus distance of 100 cm using a 70 kV peak (KvP).
Johnston County (JoCo) osteoarthritis project

The Johnston County Osteoarthritis Project (JoCo OA) is a US-
based prospective, longitudinal cohort study of OA in a civilian,
non-institutionalised population of African Americans and Cauca-
sians, aged from 45 years, who were permanent residents in one of
six townships in Johnston County; age and ethnicity data identified
eligible households along streets within each township selected
using stratified random sampling methods20. Supine AP hip x-rays
were taken with feet in 150 internal rotation, with a film focus
distance of 100 cm and 81KvP.
Beijing osteoarthritis (BOA) study

The Beijing Osteoarthritis (BOA) Study enlisted men and women
over 60 from 3 central districts of Beijing, China; participants were
recruited from randomly selected neighbourhoods in a randomly
selected health section from each district28. Supine AP pelvic ra-
diographs were obtained with feet in 15-300 internal rotation, us-
ing a film focus distance of 101 cm and 70-80KvP8.
Inclusion criteria

We aimed to select a random sample of 120 male hips and 120
female hips from each cohort to ensure adequate representation of
each sex and racial group. Minimal sample size was determined a
priori using Chingford mean (30.830) and standard deviation
(6.830) data, based on an estimated difference of 30 in the lateral
centre edge angle [LCE]. At 80% power, using a significance level of
p ¼ 0.05, the minimal number of hips to be included in each group
was 81. Random selection was performed using automated tech-
niques. The demographic details and a supine bilateral ante-
roposterior (AP) hip radiograph of each selected individual were
obtained. Individuals were selected based on the following criteria:
aged 45e75 and with no radiographic evidence of hip OA (Kellgren
and Lawrence < Grade 230 or Croft < Grade 131), as to avoid mea-
surements of interest being affected by bony remodelling from
disease processes.
Hip morphology assessment

Morphometric data was obtained from included x-rays using
OxMorf 2.0.0, a validated software program developed by the
University of Oxford that assesses 23 hip morphology parameters.
This software has shown high reproducibility for using hip
morphologymeasures to predict incident total hip replacement in a
population-based cohort11,19,32.

The bilateral hip x-rays of 456 individuals were analysed, with
measurements taken from both the right and left hips. A total of 912
single hips were included in the analysis, which was adjusted to
factor in two hips from the same person being included. Readers
were blinded to race, sex and cohort along with subject de-
mographic and clinical information. Hips were read by three re-
searchers in the field of musculoskeletal imaging (KE, KL and CPA).
KE and KL received prior training in the identification of muscu-
loskeletal markers using OxMorf from orthopaedic surgeons spe-
cialising in femoroacetabular impingement (FAI), and against
whom measurement repeatability was tested. Radiologists and
orthopaedic surgeons were available for consultation during the
analysis phase.



Fig. 1. Description of assessed morphological measures: AP alpha angle, FNSA and LCE.
(a) AP alpha angle: the angle between the femoral neck axis and the point where the
bone deviates outside a best-fit circle of the femoral head. (b) Femoral neck shaft
angle [FNSA]: the angle between the neck and shaft axis. (c) Lateral centre edge angle
[LCE]: the angle formed between a line from the lateral sourcil (ls) to the centre of the
femoral head and a line extending vertically from the centre of the femoral head
perpendicular to the teardrop line.1.

Fig. 2. Description of assessed morphological measures: acetabular width, depth and
depth towidth ratio. [AW]Acetabularwidth: the lengthof a lineextending fromthe lateral
sourcil (ls) to the inferior medial rim of the acetabulum (rs). [AD] Acetabular depth: the
length of a line extending from the deepest point of the acetabulum (da) towhere itmeets
the line connecting the lateral sourcil with the inferior acetabular rim at a perpendicular
angle. Acetabular depth to width ratio (not shown): calculated from [AD] and [AW].
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Inter- and intra-reader reproducibility was tested between the
researchers (KE, KL and CPA) using a subset of 50 images. X-rayswere
read in two phases; the initial phase was a pilot study designed to
identifymeasuresof interest,with theremainingx-rays lateradded to
increase study power. The later x-rayswere all read by a single reader
(KE) and reproducibility repeated to ensure consistency.

We examined 11 characteristics of hip morphology previously
suggested as putative factors in the aetiology of OA or on future risk
of total hip arthroplasty (THA). These include measures of acetab-
ular orientation (depth, width, depth to width ratio)33, acetabular
coverage (LCE)11,23,32,33, minimum joint space width as calculated
using Bezier curves30,34,35, femoral head asphericity (AP alpha
angle)11,33, femoral morphology (neck length, minimum neck
width, head diameter)36, femoral alignment (femoral neck shaft
angle [FNSA])37. Pelvic width (inter-acetabular edge distance) along
with the FNSA and acetabular depth to width ratio were measured
due to likely sex-differences19,24. Hip morphology measures are
described in Figs. 1 and 2.

Statistical analysis

Inter and intra-observer reliability was tested using intra-class
correlation coefficients (ICCs) for continuous variables and kappa
tests for non-continuous variables.

Unpaired t-tests compared age and BMI differences between
individuals included and excluded in the analysis. Age and BMI
distributions for each racial group and stratified by sex were
summarised using means and standard deviations. Age and BMI
differences between racial groups were assessed using Kruskal
Wallis tests for non-normally distributed data and one-way anal-
ysis of variance (ANOVA) tests for normally distributed data.

To assess the relationship between racial groups and features
of hip morphology, linear regression analyses with generalised
estimating equations (GEE) were used to obtain mean and
standard error (SE) values for each measurement of interest,
adjusted by age, side and BMI. The GEE approach was used as it
accounts for within person correlation (two hips from the same
individual being included in the analysis)38. A post-hoc Bonfer-
roni procedure corrected for multiple tests of significance using
individual p-values39. Results were stratified by sex. The inter-
action between race and sex on each hip morphological measure
was tested.

Data analysis was performed in STATA version 13 software40.

Results

Reproducibility was excellent for all measures of femoral
morphology (inter-reader ICC range, 0.9e1.0 (95% CI range,
0.8e1.0)). Measures of acetabular morphology showedmoderate to
excellent reproducibility (inter-reader ICC range, 0.5e1.0 (95% CI
range, -0.005e1.0)). Moderate values were found for the alpha
angle (kappa, 0.5e0.6 (SE 0.136e0.140)). ICC thresholds are defined
as <0.5 (poor), 0.5 to 0.75 (moderate), 0.75 to 0.90 (good) and >0.90
(excellent)41.

Included subjects had complete demographic data (age, sex and
BMI) and morphometric data available for all assessed variables.
From the initial sample of 912 hips, 37 hips were excluded (Fig. 3);
12 due to incomplete demographic data, 15 due to missing
morphometric data, 6 due to poor quality images, and 4 were
excluded due to outlying data. In total, 875 hips (n ¼ 510 females;
n ¼ 365 males) were included. No differences were found for age
and BMI between included or excluded individuals.

Demographic characteristics of the included subjects (875 hips)
are shown in Table I. Statistically significant differences were
identified for age and BMI (p < 0.001) between racial groups in



X-Rays Received

N=912
(F: 536; M: 376)

JoCo AC

N=240
(F: 120; M: 120)

JoCo AA

N=240
(F: 122; M: 118)

CHINGFORD

N=158
(F: 158; M: 0)

BOA

N=274
(F: 136; M: 138)

JoCo AC

N=237
(F: 118; M: 119)

JoCo AA

N=230
(F: 118; M: 112)

CHINGFORD

N=144
(F: 144; M: 0)

BOA

N=264
(F: 130; M: 134)

X-Rays Analysed

N=875
(F: 510; M: 365)

X-Rays Excluded*

N=37
(F: 26; M: 11)

JoCo AC

N=3
(F: 2; M: 1)

JoCo AA

N=10
(F: 4; M: 6)

CHINGFORD

N=14
(F: 14; M: 0)

BOA

N=10
(F: 6; M: 4)

Fig. 3. Consort Diagram showing selection of included 456 individuals (912 hips). Key: European Caucasians (Chingford), American Caucasians (JoCo AC), African Americans (JoCo
AA), Chinese (BOA), Females (F), Males (M). Numbers presented reflect the number of hips. *Reasons for exclusion include missing demographic data, missing morphometric data,
poor quality images or data outliers.
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males and females. Mean age was lower among European Cauca-
sians and Chinese, and higher in American Caucasians and African
Americans. For BMI, mean values were lowest in Chinese, and
highest in African Americans.

Sex differences

Table II presents adjusted mean and SE data for all hip mea-
sures by sex. Male hips showed greater mean values than females
for nearly all measures including, acetabular measures (depth
and width), LCE, min JSW, AP alpha angle, and femoral measures
(head diameter, neck width and length). Female hips were
characterised by greater acetabular depth to width ratio, inter-
acetabular distance and FNSA. Statistically significant differ-
ences were found for the majority of measurements, except the
acetabular depth to width ratio. For unadjusted results, see
Appendix 1.

Racial differences

Adjusted mean and SE for each hip measure by race and sex is
summarised in Table III. Statistically significant differences based
on Bonferroni corrected p-values are shown between males and
females for each racial group by the symbols given; for example,
acetabular depth is significantly different for Chinese males and
females to each of the other groups, but no significant differences
were found between the remaining three groups (Table III). For
unadjusted results, see Appendix 2.

Chinese hips had significantly lower mean values for the
majority of measures, including measures of acetabular orien-
tation (acetabular depth, width, and depth to width ratio), the
proximal femur (head diameter, neck width and neck length),
and LCE. Chinese hips had lowest mean values for inter-
acetabular distance, and highest mean values for the minJSW.
In Chinese females, significant differences were observed for the
minJSW (BOA, mean 4.03 mm; vs CHIN 3.53 mm (p ¼ 0.001), vs
JoCo-AA 3.53 mm (p < 0.001), and AP alpha angle (BOA, mean
52.160; vs CHIN 77.540 (p < 0.001) compared to some, not all,
racial groups.

African Americans had highest mean values for acetabular
depth, acetabular depth to width ratio, LCE and FNSA, with the
lowest values for minJSW and AP alpha angle. African American
males also had highest mean values for femoral neck length. For the
majority of measures, statistically significant differences were only
identified in comparison to Chinese, except for the AP alpha angle,
inter-acetabular distance and FNSA (females only). In females, the
inter-acetabular distance and FNSA were statistically significant
compared to all other groups; for example, FNSA (JoCo-AA mean
133.360; vs CHIN 128.450 (p ¼ 0.008); vs BOA 128.560 (p < 0.001);
vs JoCo-AC 130.560 (p ¼ 0.043)).

Caucasian groups showed higher mean values for inter-
acetabular distance, and statistically significant to African Ameri-
cans and Chinese (CHIN mean 156 mm; vs JoCo-AA 142.49 mm
(p < 0.001); vs BOA 137.05mm (p < 0.001) and JoCo-AC 150.35mm;
vs JoCo-AA 142.49 mm (p ¼ 0.001); vs BOA 137.05 mm (p < 0.001)).
European and American Caucasians showed higher mean values for
acetabular width and femoral head diameter than other groups,
significant only to Chinese. European Caucasian females and
American Caucasian males showed the highest average values for
the AP alpha angle and femoral neck width.

Between Caucasian groups, European Caucasian females
showed higher mean values for some measures of the acetabu-
lum (depth and width) and proximal femur (head diameter, AP
alpha angle, neck width). American Caucasians exhibited greater



Table I
Demographic characteristics of the included subjects (875 hips)

Characteristic Females (n ¼ 510) Males (n ¼ 365)

European Caucasian
(CHIN)

American Caucasian
(JoCo)

African American
(JoCo)

Chinese
(BOA)

p-value American Caucasian
(JoCo)

African American
(JoCo)

Chinese
(BOA)

p-value

n 144 118 118 130 119 112 134

Age (years) 54.24 (5.80) 69.85 (3.38) 69.31 (3.05) 64.05
(3.08)

0.0001 68.61 (2.70) 68.89 (2.91) 64.27
(2.46)

0.0001

BMI 25.18 (3.39) 28.29 (4.74) 28.87 (4.90) 24.90
(3.50)

<0.0001 26.62 (3.05) 27.43 (5.40) 24.94
(3.29)

<0.0001

Key: (CHIN) Chingford; (JoCo), Johnston County Cohort, (BOA) Beijing Osteoarthritis Study.

Table II
Hip morphology variables between males and females, adjusted for age, BMI and side (n ¼ 875)*

Variables/Sex Females Males p-valuey
n 510 365

Acetabular Orientation
Acetabular depth (mm) (mean/se) 32.81 (.172) 36.68 (.254) <0.001
Acetabular width (mm) (mean/se) 61.08 (.274) 69.20 (.370) <0.001
DWR (mean/se) .538 (.003) .530 (.003) 0.082
Acetabular Coverage
LCE (0) (mean/se) 29.02 (.398) 30.51 (.450) 0.019
Joint Space Width (jsw)
Min jsw (mm) (mean/se) 3.72 (.042) 3.92 (.055) 0.007
Femoral Head Asphericity
AP AA (0) (mean/se) 55.80 (1.12) 62.43 (1.19) <0.001
Femoral Morphology
Head diameter (mm) (mean/se) 53.52 (.206) 60.55 (.293) <0.001
Neck width (mm) (mean/se) 35.91 (.176) 42.24 (.226) <0.001
Neck length (mm) (mean/se) 55.99 (.395) 59.08 (.526) <0.001
Femoral Alignment
FNSA (0) (mean/se) 130.18 (.360) 128.17 (.430) 0.001
Anatomical Distance
Inter-ace dist. (mm) (mean/se) 145.16 (.645) 134.16 (.699) <0.001

Key:(DWR) Acetabular depth to width ratio, (LCE) Lateral centre edge angle, (Min jsw) Minimum joint space width, (AP AA) Antero-posterior alpha angle, (FNSA) Femoral neck
shaft angle, (Inter-ace dist.) Interacetabular edge distance.

* Data shows means and standard errors adjusted for age, BMI and race, using GEE models to account for within person correlation.
y P-values for sex differences.
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values for femoral neck length, FNSA and minJSW. Statistically
significant differences were identified between groups for neck
width (CHIN mean 39.27 mm; vs JoCo-AC 36.09 mm
(p ¼ 0.002)), and AP alpha angle (CHIN mean 77.540; vs JoCo-AC
51.140 (p < 0.001)).

Interaction between race and sex

No significant interaction (P < 0.05) was found between race
and sex for the majority of measures, with the exception of the
LCE, minimum neck width and neck length (Appendix 3,
Figs. 4e6). For these measures, the Chinese showed a signifi-
cant average difference to American Caucasians and African
Americans, and this varied by sex; for example, the difference in
the LCE was greater in females than males, however, for the
other two measures this difference was smaller among females
than males.
Discussion

This study confirms variation exists in hip morphology mea-
sures between European Caucasians, American Caucasians, African
Americans and Chinese males and females.

Chinese hips were markedly different, with significant differ-
ences for the majority of measures, which is consistent with pre-
vious studies7,42,43, Chinese hips were characterised by more
shallow and narrow acetabular sockets and reduced femoral head
coverage. They showed greater joint space width to other groups,
and were only significantly different to European Caucasian fe-
males for the AP alpha angle.

Racial differences between other groups was less marked. Afri-
can Americans had the highest mean values for nearly all measures
related to acetabular morphology (depth, DWR and LCE), except the
acetabular width; this shows African American hips are charac-
terised by wider and deeper acetabular sockets and have greater



Table III
Hip morphology variables among race groups and stratified by sex, adjusted for age, BMI and side (n ¼ 875)*

Variables Females (n ¼ 510) Males (n ¼ 365)

European Caucasian
(CHIN)

American Caucasian
(JoCo)

African American
(JoCo)

Chinese (BOA) American Caucasian
(JoCo)

African American
(JoCo)

Chinese
(BOA)

n 144 118 118 130 119 112 134

Acetabular Orientation
Acetabular depth (mm)

(mean/se)
34.36 (.481)A 33.89 (.383)A 34.49 (.448)A 29.65

(.325)y � �
38.15 (.495)A 38.61 (.558)A 32.76

(.472) � �
Acetabular width (mm)

(mean/se)
63.66 (.790)A 62.45 (.674)A 61.93 (.785)A 57.86

(.459)y � �
71.14 (.766)A 71.11 (.812)A 64.27

(.668) � �
DWR (mean/se) .540 (.007)A .544 (.005)A .560 (.007)A .514

(.006)y � �
.537 (.007)A .544 (.006)A .510

(.006) � �
Acetabular Coverage
LCE (0) (mean/se) 30.71 (.987)A 31.35 (.935)A 31.73 (1.00)A 24.01

(.774)y � �
31.38 (.792)A 32.10 (.900)A 27.03

(.816) � �
Joint Space Width (jsw)
Min jsw (mm) (mean/se) 3.53 (.119)A 3.70 (.122) 3.53 (.101)A 4.03 (.064)y� 4.01 (.107) 3.79 (.099) 4.04 (.095)
Femoral Head Asphericity
AP AA (0) (mean/se) 77.54 (3.70) � �A 51.14 (2.90)y 50.14 (2.53)y 52.16 (2.20)y 62.87 (2.17)� 55.46 (2.14) � 57.11 (2.28)
Femoral Morphology
Head diameter (mm)

(mean/se)
55.36 (.672)A 55.14 (.571)A 54.41 (.571)A 50.50

(.340)y � �
62.21 (.609)A 62.14 (.641)A 56.50

(.524) � �
Neck width (mm) (mean/

se)
39.27 (.554) � A 36.09 (.444)yA 36.96 (.526)A 32.90

(.262)y � �
43.77 (.449)A 42.90 (.494)A 38.54

(.386) � �
Neck length (mm) (mean/

se)
56.17 (1.23)A 59.06 (1.06)A 58.01 (1.08)A 50.96

(.626)y � �
60.92 (.976)A 64.06 (.951)A 53.50

(.963) � �
Femoral Alignment
FNSA (0) (mean/se) 128.45 (.910)� 130.56 (.888)� 133.36 (.866)y � A 128.56 (.691)� 129.58 (.748)A 130.05 (.637)A 125.63

(.831) � �
Anatomical Distance
Inter-ace dist. (mm) (mean/

se)
156.00 (1.84)�A 150.35 (1.75)�A 142.49 (1.77)y � A 137.05

(.996)y � �
137.31 (1.43)�A 130.24 (1.41) � 128.64

(1.11) �
Key: (CHIN) Chingford; (JoCo) Johnston County Cohort, (BOA) Beijing Osteoarthritis Study.
(DWR) acetabular depth to width ratio, (LCE) lateral centre edge angle, (AP AA) Alpha angle, (TIH) triangular index height, (FNSA) femoral neck shaft angle.
Statistically significant differences between racial groups are shown by the following symbols: yEuropean Caucasians (Chin),�American Caucasians (JoCo-AC), � African
Americans (JoCo-AA), A Chinese (BOA).
Each racial group is compared against each of the other racial groups for each sex category.

* Data shows age and BMI adjusted means and standard errors from linear regression analysis, using GEE models to account for within person correlation.
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lateral extension of the acetabulum. Findings show African Amer-
icans have reduced joint space and femoral head asphericity to
other groups.

Our findings correspond to other studies which have evalu-
ated race and sex differences in hip morphology between Afri-
can Americans and American Caucasians18. We similarly found
African Americans had more lateral extension of the acetabulum,
deeper acetabular sockets, less femoral head asphericity and
lesser joint space width than American Caucasians. We also
found male hips showed greater mean values for acetabular
depth and width18, but further that African Americans had
overall higher mean values in males and females for these
measures than American Caucasians, though non-significant.
Our finding of greater femoral head asphericity in African
American and American Caucasian males, also corroborates
previous studies that found increased prevalence of cam
morphology in males for these groups24.

The present study shows differences in hip morphology be-
tween Caucasian populations. Significant variation was identified
between these groups for proximal femur measures (asphericity
and neck width). European Caucasians have a wider femoral
neck, with a wider and more aspherical femoral head. In
American Caucasians, the femoral neck tends to be longer but
more narrowed, at a greater degree of angulation to the femur,
which may have an impact on weight bearing and distribution.

Concerning sex differences, males showed greater mean values
for the majority of assessed hip measures; however, females
showed greater average values for the inter-acetabular distance,
FNSA and acetabular depth to width ratio, reflecting wider
pelvises, a greater neck shaft angle, and a deeper acetabular
socket. Our findings are largely consistent with those identified in
previous studies between American Caucasians and African
Americans18.

Our findings showed a statistically significant interaction be-
tween race and sex for somemeasures of hip morphology which, of
those assessed here, included the LCE, the femoral neck width and
neck length. It would be advisable for future studies on hip
morphology to consider these interactions.

Studies have previously investigated the influence of ge-
netic44,45, lifestyle46,47 and cultural48 factors on OA development;
however, given the significant morphological variation in measures
of the hip joint shown between racial groups, and their potential
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effect on weight distribution and biomechanics, differences in hip
joint morphology are likely to contribute to hip OA prevalence
variation.

This is currently the only study comparing hip morphology
between four racial groups including European Caucasians, Amer-
ican Caucasians, African Americans and Chinese; it is also the only
study comparing different Caucasian groups within the same study,
where significant differences were found in femoral head aspher-
icity and neck width.

Limitations to this study include the use of AP pelvic radio-
graphs, as MRI may be more sensitive to detecting bony changes
around the lateral acetabular surface; however, we are not aware of
large population-based cohorts using this modality for all racial
groups assessed. Given the x-rays were obtained from multiple
sites; differences in equipment and calibration may contribute to a
degree of technical variation in measurements. All morphologies
are affected by patient position, which may change the angle or
length of the pelvic bones in relation to the X-ray film; however,
each cohort obtained x-rays using a standardised radiographic
protocol, and a visual assessment was made to ensure no abnormal
pelvic tilt or rotation was present. Pelvic tilt and rotation was not
quantified due to the obscurity of the pubic symphysis in a pro-
portion of x-rays.

There are sources of bias that may affect interpretation of the
results; hip OA-relatedmorphology would likely already be present
for older adults, and by selecting individuals showing no RHOA we
may be obtaining a depleted proportion of morphological features
related to disease development. Some morphological differences
may be influenced by variation in bone size between individuals.
Use of a UK-based cohort as representative of a European popula-
tion was due to logistical reasons and X-ray availability; possible
inter-population differences may limit the generalisability of these
findings across European groups. Additionally, other confounders
than those considered may have an effect on the level of variation
in the data; however, we were able to account for a number of the
main confounders routinely-collected by cohorts investigating hip
OA.

Given there is variation among racial groups and between
sexes, future studies investigating hip morphology and OA may
want to account for these risk factors. Morphological differences
likely indicate different pathways to disease development, which
potentially require different treatment. Knowing where the
morphological differences lie, future work could explore differ-
ences in baseline and follow up in OA subjects to identify if, and
to what extent, changes have occurred in these measures along
with patterns of expression of OA-related radiographic features;
a modelling approach may help identify which changes in
morphological features, singly or in combination, are associated
with increased risk of hip OA. While this study has confirmed
that significant differences exist in hip morphology between
racial groups, further work could investigate which differences
are clinically meaningful and have an effect on other outcomes
for patients with OA, such as pain and function. Given the dif-
ferences in hip joint morphology, we may also look at intro-
ducing standards for defining and classifying RHOA for different
racial groups (i.e., standardised use of Kellgren and Lawrence
criteria assumes similar presentation and severity of the disease
across all groups).
Conclusion

Hip morphology measures show race and sex differences be-
tween European Caucasians, American Caucasians, African Ameri-
cans and Chinese. Significant differences were identified among all
groups, but in particular the Chinese. Importantly, significant dif-
ferences were identified between races for OA-related measures.
Sex differences were present, with larger average values in males
for the majority of hip measures. These race and sex differences
may help explain prevalence differences in rates of hip OA between
these groups.
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Appendix 1. Hip morphology variables between males and
females, unadjusted for age and BMI (n ¼ 875)*
Variables/Sex Females Males p-valuez

n 510 365

Acetabular Orientation
Acetabular depth (mm) (mean/se) 32.84 (.173) 36.65 (.258) <0.001
Acetabular width (mm) (mean/se) 61.13 (.276) 69.13 (.377) <0.001
DWR (mean/se) .538 (.003) .531 (.003) 0.088
Acetabular Coverage
LCE (0) (mean/se) 29.09 (.401) 30.41 (.448) 0.036
Joint Space Width (jsw)
Min jsw (mm) (mean/se) 3.72 (.042) 3.92 (.055) 0.005
Femoral Head Asphericity
AP AA (0) (mean/se) 55.82 (1.10) 62.41 (1.18) <0.001
Femoral Morphology
Head diameter (mm) (mean/se) 53.56 (.210) 60.49 (.298) <0.001
Neck width (mm) (mean/se) 35.97 (.179) 42.15 (.234) <0.001
Neck length (mm) (mean/se) 55.97 (.391) 59.10 (.523) <0.001
Femoral Alignment
FNSA (0) (mean/se) 130.15 (.360) 128.21 (.431) 0.001
Anatomical Distance
Inter-ace dist. (mm)
(mean/se)

145.31 (.643) 133.95 (.712) <0.001

Key: (DWR) Acetabular depth towidth ratio, (LCE) Lateral centre edge angle, (Min jsw)Minimum joint space width, (AP AA) Antero-posterior alpha angle, (FNSA) Femoral neck
shaft angle, (Inter-ace dist) Interacetabular edge distance.
*Data presented means and standard errors adjusted for age, BMI and race, using GEE models to account for within person correlation.
zP-values for differences between sex.
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Appendix 2. Hip morphology variables among race groups
and stratified by sex, unadjusted (n ¼ 875)*
Variables Females (n ¼ 510) Males (n ¼ 365)

European Caucasian
(CHIN)

American Caucasian
(JoCo)

African American
(JoCo)

Chinese (BOA) American Caucasian
(JoCo)

African American
(JoCo)

Chinese
(BOA)

n 144 118 118 130 119 112 134

Acetabular Orientation
Acetabular depth

(mm)
(mean/se)

34.40 (.291)A 33.93 (.354)A 34.61 (.359)A 29.46 (.320)
y��

38.20 (.473)A 38.67 (.473)A 32.66 (.365)
��

Acetabular width
(mm)

(mean/se)

63.58 (.479)A 62.61 (.544)A 62.18 (.638)A 57.58 (.459)y
��

71.07 (.673)A 71.13 (.730)A 64.31 (.498)
��

DWR (mean/se) .542 (.005)A .543 (.005)A .559 (.006)A .513 (.006)y�� .539 (.006)A .545 (.005)A .509 (.005)��
Acetabular Coverage
LCE (0)
(mean/se)

30.96 (.661)A 31.36 (.735)A 31.92 (.852)A 23.56 (.791)y
��

31.49 (.727)A 32.27 (.835)A 26.79 (.660)
��

Joint Space Width (jsw)
Min jsw (mm)
(mean/se)

3.57 (.0.75)A 3.66 (.100)A 3.49 (.084)A 4.05 (.062)y�� 3.98 (.100) 3.76 (.094)A 4.09 (.083)�

Femoral Head Asphericity
AP AA (0)
(mean/se)

75.80 (2.27)��A 52.12 (2.27)y 50.91 (1.91)y 52.50 (2.20)y 62.88 (2.00)� 55.65 (1.94)� 56.94 (1.80)

Femoral Morphology
Head diameter

(mm)
(mean/se)

55.45 (.353)A 55.17 (.453)A 54.54 (.462)A 50.25 (.340)y
��

62.14 (.538)A 62.14 (.580)A 56.56 (.394)
��

Neck width (mm)
(mean/se)

38.71 (.323)�A 36.54 (.357)yA 37.49 (.426)A 32.63 (.271)y
��

43.72 (.397)A 42.96 (.474)A 38.54 (.297)
��

Neck length (mm)
(mean/se)

55.44 (.814) �A 59.50 (.776) yA 58.39 (.889)A 51.02 (.601)y
��

60.50 (1.02)A 63.52 (.847)A 54.31 (.723)
��

Femoral Alignment
FNSA (0) (mean/se) 129.67 (.518)� 129.80 (.787)� 132.67 (.710)y�A 128.54 (.673)� 129.50 (.750)A 129.95 (.582)A 125.79 (.779)

��
Anatomical Distance
Inter-ace dist. (mm)
(mean/se)

155.34 (1.05)�A 150.90 (1.42)�A 143.16 (1.44)y�A 136.66 (.984)y
��

137.57 (1.33)�A 130.90 (1.35)� 127.86 (.854)
�

*Data presented means and standard errors unadjusted for confounders, using GEE models to account for within person correlation.
Key:(CHIN) Chingford; Johnston County Cohort (JoCo), Beijing Osteoarthritis Study (BOA).
(DWR) acetabular depth to width ratio. (LCE) lateral centre edge angle, (AP AA) Alpha angle, (TIH) triangular index height (FNSA), femoral neck shaft angle.
yEuropean Caucasians (Chin), � American Caucasians (JoCo), � African Americans (JoCo), A Chinese (BOA).
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Appendix 3
Fig. 4. A margins plot showing the effect between race and sex on Lateral Centre Edge Angle.
Fig. 5. A margins plot showing the effect betwe
en race and sex on minimum neck width.



Fig. 6. A margins plot showing the effect between race and sex on neck length measure.

K. Edwards et al. / Osteoarthritis and Cartilage 28 (2020) 189e200 199
References

1. Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, et al.
The global burden of hip and knee osteoarthritis: estimates
from the global burden of disease 2010 study. Ann Rheum Dis
2014;73(7):1323e30.

2. Chen A, Gupte C, Akhtar K, Smith P, Cobb J. The global eco-
nomic cost of osteoarthritis: how the UK compares. Arthritis
2012;2012. 698709.

3. Versus Arthritis. The State of Musculoskeletal Health 2019:
Arthritis and Other Musculoskeletal Conditions in Numbers
2019.

4. Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best
Pract Res Clin Rheumatol 2014;28(1):5e15.

5. Nho SJ, Kymes SM, Callaghan JJ, Felson DT. The burden of hip
osteoarthritis in the United States: epidemiologic and eco-
nomic considerations. J Am Acad Orthop Surg 2013;21(Suppl
1):S1e6.

6. Agricola R, Heijboer MP, Bierma-Zeinstra SM, Verhaar JA,
Weinans H, Waarsing JH. Cam impingement causes osteoar-
thritis of the hip: a nationwide prospective cohort study
(CHECK). Ann Rheum Dis 2013;72(6):918e23.

7. Dudda M, Kim YJ, Zhang Y, Nevitt MC, Xu L, Niu J, et al.
Morphologic differences between the hips of Chinese women
and white women: could they account for the ethnic differ-
ence in the prevalence of hip osteoarthritis? Arthritis Rheum
2011;63(10):2992e9.

8. Nevitt MC, Xu L, Zhang Y, Lui LY, Yu W, Lane NE, et al. Very low
prevalence of hip osteoarthritis among Chinese elderly in
Beijing, China, compared with whites in the United States: the
Beijing osteoarthritis study. Arthritis Rheum 2002;46(7):
1773e9.

9. Nelson AE, Braga L, Renner JB, Atashili J, Woodard J,
Hochberg MC, et al. Characterization of individual radiographic
features of hip osteoarthritis in African American and White
women and men: the Johnston County Osteoarthritis Project.
Arthritis Care Res 2010;62(2):190e7.
10. Neogi T, Zhang Y. Epidemiology of osteoarthritis. Rheum Dis
Clin N Am 2013;39(1):1e19.

11. Thomas GE, Palmer AJ, Batra RN, Kiran A, Hart D, Spector T,
et al. Subclinical deformities of the hip are significant pre-
dictors of radiographic osteoarthritis and joint replacement in
women. A 20 year longitudinal cohort study. Osteoarthr Cartil
2014;22(10):1504e10.

12. Ganz R, Leunig M, Leunig-Ganz K, Harris WH. The etiology of
osteoarthritis of the hip: an integrated mechanical concept.
Clin Orthop Relat Res 2008;466(2):264e72.

13. Agricola R, Heijboer MP, Roze RH, Reijman M, Bierma-
Zeinstra SM, Verhaar JA, et al. Pincer deformity does not lead to
osteoarthritis of the hip whereas acetabular dysplasia does:
acetabular coverage and development of osteoarthritis in a
nationwide prospective cohort study (CHECK). Osteoarthr
Cartil 2013;21(10):1514e21.

14. Griffin DR, Dickenson EJ, Donnell J, Agricola R, Awan T, Beck M,
et al. The Warwick Agreement on femoroacetabular impinge-
ment syndrome (FAI syndrome): an international consensus
statement. Br J Sports Med 2016;50(19):1169.

15. Lynch JA, Parimi N, Chaganti RK, Nevitt MC, Lane NE, Study of
Osteoporotic Fractures Research G. The association of proximal
femoral shape and incident radiographic hip OA in elderly
women. Osteoarthr Cartil 2009;17(10):1313e8.

16. Nelson AE, Liu F, Lynch JA, Renner JB, Schwartz TA, Lane NE,
et al. Association of incident symptomatic hip osteoarthritis
with differences in hip shape by active shape modeling: the
Johnston County Osteoarthritis Project. Arthritis Care Res
2014;66(1):74e81.

17. Yu A, Heilmeier U, Kretzschmar M, Joseph GB, Liu F, Liebl H,
et al. Racial differences in biochemical knee cartilage compo-
sition between African-American and Caucasian-American
women with 3 T MR-based T2 relaxation time measure-
ments–data from the Osteoarthritis Initiative. Osteoarthr Cartil
2015;23(9):1595e604.

18. Van Houcke J, Yau WP, Yan CH, Huysse W, Dechamps H,
Lau WH, et al. Prevalence of radiographic parameters

http://refhub.elsevier.com/S1063-4584(19)31273-7/sref1
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref1
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref1
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref1
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref1
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref2
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref2
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref2
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref3
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref3
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref3
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref4
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref4
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref4
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref5
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref5
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref5
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref5
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref5
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref6
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref6
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref6
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref6
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref6
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref7
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref7
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref7
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref7
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref7
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref7
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref8
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref8
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref8
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref8
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref8
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref8
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref9
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref9
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref9
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref9
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref9
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref9
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref10
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref10
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref10
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref11
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref11
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref11
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref11
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref11
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref11
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref12
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref12
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref12
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref12
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref13
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref13
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref13
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref13
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref13
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref13
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref13
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref14
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref14
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref14
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref14
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref15
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref15
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref15
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref15
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref15
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref16
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref16
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref16
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref16
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref16
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref16
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref17
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref17
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref17
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref17
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref17
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref17
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref17
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref18
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref18


K. Edwards et al. / Osteoarthritis and Cartilage 28 (2020) 189e200200
predisposing to femoroacetabular impingement in young
asymptomatic Chinese and white subjects. J Bone Joint Surg
Am Vol 2015;97(4):310e7.

19. Nelson AE, Stiller JL, Shi XA, Leyland KM, Renner JB,
Schwartz TA, et al. Measures of hip morphology are related to
development of worsening radiographic hip osteoarthritis
over 6 to 13 year follow-up: the Johnston County Osteoar-
thritis Project. Osteoarthr Cartil 2016;24(3):443e50.

20. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD,
Woodard J, et al. Prevalence of hip symptoms and radiographic
and symptomatic hip osteoarthritis in African Americans and
Caucasians: the Johnston county osteoarthritis Project.
J Rheumatol 2009;36(4):809e15.

21. Iidaka T, Muraki S, Akune T, Oka H, Kodama R, Tanaka S, et al.
Prevalence of radiographic hip osteoarthritis and its associa-
tion with hip pain in Japanese men and women: the ROAD
study. Osteoarthr Cartil 2016;24(1):117e23.

22. Kim C, Linsenmeyer KD, Vlad SC, Guermazi A, Clancy MM,
Niu J, et al. Prevalence of radiographic and symptomatic hip
osteoarthritis in an urban United States community: the Fra-
mingham osteoarthritis study. Arthritis Rheum 2014;66(11):
3013e7.

23. Gosvig KK, Jacobsen S, Sonne-Holm S, Palm H, Troelsen A.
Prevalence of malformations of the hip joint and their rela-
tionship to sex, groin pain, and risk of osteoarthritis: a
population-based survey. J Bone Joint Surg Am Vol 2010;92(5):
1162e9.

24. Raveendran R, Stiller JL, Alvarez C, Renner JB, Schwartz TA,
Arden NK, et al. Population-based prevalence of multiple
radiographically-defined hip morphologies: the Johnston
County Osteoarthritis Project. Osteoarthr Cartil 2018;26(1):
54e61.

25. Ibrahim SA, Burant CJ, Mercer MB, Siminoff LA, Kwoh CK. Older
patients' perceptions of quality of chronic knee or hip pain:
differences by ethnicity and relationship to clinical variables.
J Gerontol Series A, Bio Sci Med Sci 2003;58(5):M472e7.

26. Golightly YM, Dominick KL. Racial variations in self-reported
osteoarthritis symptom severity among veterans. Aging Clin
Exp Res 2005;17(4):264e9.

27. Smith MC, Ben-Shlomo Y, Dieppe P, Beswick AD, Adebajo AO,
Wilkinson JM, et al. Rates of hip and knee joint replacement
amongst different ethnic groups in England: an analysis of
National Joint Registry data. Osteoarthr Cartil 2017;25(4):
448e54.

28. Zhang Y, Xu L, Nevitt MC, Aliabadi P, Yu W, Qin M, et al.
Comparison of the prevalence of knee osteoarthritis between
the elderly Chinese population in Beijing and whites in the
United States: the Beijing Osteoarthritis Study. Arthritis
Rheum 2001;44(9):2065e71.

29. Hart DJ, Mootoosamy I, Doyle DV, Spector TD. The relationship
between osteoarthritis and osteoporosis in the general popu-
lation: the Chingford Study. Ann Rheum Dis 1994;53(3):
158e62.

30. Kellgren JH, Lawrence JS. Radiological assessment of osteo-
arthrosis. Ann Rheum Dis 1957;16(4):494e502.

31. Croft P, Cooper C, Wickham C, Coggon D. Defining osteoar-
thritis of the hip for epidemiologic studies. Am J Epidemiol
1990;132(3):514e22.
32. Nicholls AS, KiranA, Pollard TC, Hart DJ, Arden CP, Spector T, et al.
The association between hip morphology parameters and
nineteen-year risk of end-stage osteoarthritis of thehip: a nested
case-control study. Arthritis Rheum 2011;63(11):3392e400.

33. Murphy SB, Ganz R, Muller ME. The prognosis in untreated
dysplasia of the hip. A study of radiographic factors that pre-
dict the outcome. J Bone Joint Surg Am Vol 1995;77(7):985e9.

34. Conrozier T, Jousseaume CA, Mathieu P, Tron AM, Caton J,
Bejui J, et al. Quantitative measurement of joint space nar-
rowing progression in hip osteoarthritis: a longitudinal
retrospective study of patients treated by total hip arthro-
plasty. Br J Rheumatol 1998;37(9):961e8.

35. Leyland KM, Hunter D, Judge A, Bottomley N, Hart D, Gill R,
et al. 391 bezier curves for measuring joint space ON knee
radiographs e reproducibility and VALIDHY. Osteoarthr Cartil
2011;19. S180-S1.

36. Javaid MK, Lane NE, Mackey DC, Lui LY, Arden NK, Beck TJ, et al.
Changes in proximal femoral mineral geometry precede the
onset of radiographic hip osteoarthritis: the study of osteo-
porotic fractures. Arthritis Rheum 2009;60(7):2028e36.

37. Moore RJ, Fazzalari NL, Manthey BA, Vernon-Roberts B. The
relationship between head-neck-shaft angle, calcar width,
articular cartilage thickness and bone volume in arthrosis of
the hip. Br J Rheumatol 1994;33(5):432e6.

38. Hubbard AE, Ahern J, Fleischer NL, Van der Laan M,
Lippman SA, Jewell N, et al. To GEE or not to GEE: comparing
population average and mixed models for estimating the as-
sociations between neighborhood risk factors and health.
Epidemiology 2010;21(4):467e74.

39. Bender R, Lange S. Adjusting for multiple testing–when and
how? J Clin Epidemiol 2001;54(4):343e9.

40. StataCorp. Stata Statistical Software: Release 13. College Sra-
rion TX: Stata Press; 2013.

41. Koo TK, Li MY. A guideline of selecting and reporting intraclass
correlation coefficients for reliability research. J Chiropr Med
2016;15(2):155e63.

42. Lau EM, Lin F, Lam D, Silman A, Croft P. Hip osteoarthritis and
dysplasia in Chinese men. Ann Rheum Dis 1995;54(12):965.

43. Zeng WN, Wang FY, Chen C, Zhang Y, Gong XY, Zhou K, et al.
Investigation of association between hip morphology and
prevalence of osteoarthritis. Sci Rep 2016;6:23477.

44. Loughlin J. Genetic contribution to osteoarthritis develop-
ment: current state of evidence. Curr Opin Rheumatol
2015;27(3):284e8.

45. Evangelou E, Kerkhof HJ, Styrkarsdottir U, Ntzani EE, Bos SD,
Esko T, et al. A meta-analysis of genome-wide association
studies identifies novel variants associated with osteoarthritis
of the hip. Ann Rheum Dis 2014;73(12):2130e6.

46. Lau EC, Cooper C, Lam D, Chan VN, Tsang KK, Sham A. Factors
associated with osteoarthritis of the hip and knee in Hong
Kong Chinese: obesity, joint injury, and occupational activities.
Am J Epidemiol 2000;152(9):855e62.

47. Hui M, Doherty M, Zhang W. Does smoking protect against
osteoarthritis? Meta-analysis of observational studies. Ann
Rheum Dis 2011;70(7):1231e7.

48. Hoaglund FT, Yau AC, Wong WL. Osteoarthritis of the hip and
other joints in southern Chinese in Hong Kong. J Bone Joint
Surg Am Vol 1973;55(3):545e57.

http://refhub.elsevier.com/S1063-4584(19)31273-7/sref18
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref18
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref18
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref18
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref19
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref19
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref19
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref19
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref19
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref19
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref20
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref20
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref20
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref20
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref20
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref20
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref21
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref21
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref21
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref21
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref21
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref22
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref22
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref22
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref22
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref22
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref22
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref23
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref23
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref23
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref23
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref23
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref23
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref24
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref24
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref24
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref24
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref24
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref24
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref25
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref25
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref25
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref25
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref25
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref26
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref26
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref26
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref26
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref27
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref27
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref27
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref27
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref27
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref27
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref28
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref28
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref28
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref28
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref28
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref28
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref29
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref29
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref29
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref29
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref29
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref30
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref30
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref30
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref31
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref31
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref31
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref31
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref32
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref32
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref32
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref32
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref32
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref33
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref33
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref33
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref33
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref34
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref34
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref34
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref34
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref34
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref34
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref35
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref35
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref35
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref35
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref35
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref36
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref36
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref36
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref36
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref36
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref37
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref37
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref37
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref37
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref37
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref38
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref38
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref38
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref38
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref38
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref38
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref39
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref39
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref39
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref40
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref40
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref41
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref41
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref41
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref41
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref42
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref42
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref43
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref43
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref43
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref44
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref44
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref44
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref44
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref45
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref45
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref45
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref45
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref45
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref46
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref46
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref46
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref46
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref46
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref47
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref47
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref47
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref47
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref48
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref48
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref48
http://refhub.elsevier.com/S1063-4584(19)31273-7/sref48

	Differences between race and sex in measures of hip morphology: a population-based comparative study
	Introduction
	Methods
	Description of cohorts
	Chingford (CHIN) study
	Johnston County (JoCo) osteoarthritis project
	Beijing osteoarthritis (BOA) study
	Inclusion criteria
	Hip morphology assessment
	Statistical analysis

	Results
	Sex differences
	Racial differences
	Interaction between race and sex

	Discussion
	Conclusion
	Author contributions
	Conflict of Interest
	Funding
	Acknowledgements
	Appendix 1. Hip morphology variables between males and females, unadjusted for age and BMI (n = 875)*
	Appendix 2. Hip morphology variables among race groups and stratified by sex, unadjusted (n = 875)*
	Appendix 3
	References


