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ABSTRACT

Objective To assess the relationship between
pincer morphology and incident radiographic

hip osteoarthritis (RHOA) and study-specific
subgroups.

Methods Hips completely free of RHOA at
baseline and with follow-up within 4-8 years were
drawn from the World COACH consortium. The
lateral centre edge angle (LCEA) was calculated
uniformly on all baseline radiographs. Moderate
pincer morphology was defined as an LCEA =40°,
and severe pincer morphology as an LCEA =45°

in sensitivity analyses. The primary outcome was
incident RHOA defined by a harmonised OA score.
A logistic regression model with generalised mixed
effects with three levels (within-cohort, within-
person and within-hip side correlation) adjusted for
age, biological sex and body mass index (BMI) was
employed. Descriptive statistics are reported for age,
biological sex and BMI.

Results 18935 hips from nine cohorts were
included. 4894 hips (25.8%) had moderate pincer
morphology. Within 8 years (mean 6.0+1.7 years),
352 hips (1.9%) developed RHOA. Moderate
pincer morphology was not associated with RHOA
(OR 1.15(0.92-1.51)), whereas severe pincer
morphology was significantly associated (OR 1.50
95% CI 1.05 to 2.15). Moderate pincer morphology
in groups aged 40-50 (RR 2.67, 95% Cl 1.43 to
4.95) and BMI =25 (RR 1.23 95% C1 0.98 to 1.71)
had a higher risk compared with non-pincer hips.
Women (RR 1.20 95% Cl 0.93 to 1.56) with pincer
morphology may be more at risk than men (RR 0.95
95% Cl 0.57 to 1.58).

Conclusion The odds of developing RHOA within
8 years for hips with severe pincer morphology are
1.5 times higher than pincer-free hips, whereas
moderate pincer morphology was not significantly
associated with RHOA. Further research is
necessary to uncover high risk subgroups of pincer
morphology.

1920 Amanda E Nelson,?"?? Michael C Nevitt,®

," Harrie Weinans,* Rintje Agricola

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Pincer morphology, characterised by acetabular
overcoverage of the femoral head, which leads
to impingement, has been proposed as a risk
factor for hip osteoarthritis (OA). Evidence for
the association between pincer morphology and
hip OA, however, remains conflicting.

WHAT ARE THE FINDINGS?

= This study provides evidence that severe
pincer morphology (lateral centre edge angle
>45°) in hips free of radiographic hip OA at
baseline is significantly associated with incident
radiographic hip OA at 4-8 years follow-up.

HOW MIGHT IT IMPACT ON CLINICAL
PRACTICE IN THE FUTURE?

= Given the substantial impact of OA on quality
of life, elucidating the role of pincer morphology
in OA risk may help clinicians to identify at-risk
individuals and guide preventive interventions.

INTRODUCTION

Osteoarthritis (OA) is a debilitating disease that
significantly impacts quality of life." It is, therefore,
essential to identify risk factors for OA, which can
potentially be targeted in prevention and treatment
strategies.”™ Risk factors for hip OA include age,
biological sex, genetics, physical workload, sporting
activities and hip shape.?®>”

Pincer morphology is a hip shape characterised
by acetabular over coverage of the femoral head
and is associated with femoroacetabular impinge-
ment (FAI) syndrome, a motion-related clinical
disorder of the hip.*'! Pincer morphology may
cause repeated abutment between the proximal
femur and the acetabulum during repetitive and
terminal motion of the hip.” Repeated impingement
could lead to intra-articular damage (eg, cartilage
and labral pathology), and ultimately hip OA.®’
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The association between pincer morphology and radiographic
hip osteoarthritis (RHOA) is equivocal.® *™'® In a recent system-
atic review, nine prospective cohort studies did not demonstrate
an association between pincer morphology and RHOA, whereas
cross-sectional studies showed that hips with OA were 3.7 times
more likely to have a lateral centre edge angle (LCEA) =40°°
However, substantial heterogeneity (I2 60%) in meta-analysis
of the prospective studies was observed, making it difficult to
draw conclusions from this review.® Furthermore, study popu-
lations and how pincer morphology is defined and measured
vary significantly across studies, compromising the reported
associations.

Our aim is to perform an individual participant data (IPD)
meta-analysis on the association between pincer morphology
at baseline and the risk of developing RHOA within 4-8
years follow-up. Additionally, we will study this association in
subgroups stratified by age, biological sex and body mass index
(BMI).

METHODS

Study design and participants

Participants were drawn from the Worldwide Collaboration on
OsteoArthritis prediCtion for the Hip (World COACH) consor-
tium. The World COACH consortium is a global collaboration
of all available prospective cohort studies with prospective pelvic
or hip imaging. The consortium profile has been published in
detail elsewhere.'”

In this study, we included all cohorts with a follow-up antero-
posterior (AP) pelvic radiograph within 4-8 years of a baseline
radiograph, and therefore included nine cohorts (Cohort Hip
and Cohort Knee (CHECK), Multi-center Osteoarthritis Study
(MOST), Osteo Arthritis Initiative (OAI), Rotterdam Study-I
(RS-I), Rotterdam Study-II (RS-II), Rotterdam Study-III (RS-III),
the Chingford Study, The Johnston County Project (JoCo) and
the Study of Osteoporotic Fractures (SOF)) and excluded two
cohorts (Tasmanian Older Adults Cohort (TASOAC), FAI and
hip osteoarthritis cohort).

All included hips needed to have known BMI, biological sex
and age at baseline. Hips without an original baseline RHOA
score were excluded. Additionally, all radiographs of insuffi-
cient quality for automated pincer morphology measurements
and all AP hip radiographs were excluded as they did not
allow for constructing a horizontal reference line to adjust for
pelvic rotation. Next, we excluded all hips lacking an original
RHOA score at follow-up and excluded all baseline hips with
acetabular dysplasia (AD) as determined by a Wiberg centre
edge angle<25°. We chose to do this in order to compare the
pincer hips to a reference group of hips with normal acetab-
ular coverage. Furthermore, multiple studies have demonstrated
a significant association between AD and RHOA.* "> '® Finally,
we included only hips free of any signs of RHOA at baseline
(any OA score=0). We chose to focus on a population of hips
completely free of RHOA to identify the true predictors of this
disease. This led to a total inclusion of 18935 hips. Data miss-
ingness is described in online supplemental material 3.

Radiographs

AP pelvic radiographs were obtained by cohorts at baseline and
at follow-up between 4 and 8 years (online supplemental mate-
rial 1). All radiographs were obtained based on a cohort-specific
predetermined protocol established by each cohort. Detailed
information about specific radiographic protocols was previ-
ously published.'” Five cohorts (CHECK, OAI, RS-I, RS-II and

RS-1I) had weight-bearing AP pelvic radiographs, one cohort
(MOST) had weight-bearing full-limb radiographs, and three
cohorts (the Chingford Study, JoCo and SOF) had supine AP
pelvic radiographs.

Radiographic measurements

Lateral centre edge angle

To avoid measurement variability across cohorts, uniform
pincer morphology measurements were performed on all base-
line radiographs. The bony outline of the proximal femur and
acetabulum was annotated on the AP pelvic radiographs with a
point set using the BoneFinder software (www.bone-finder.com;
The University of Manchester, UK)." This point set was used to
perform automated radiographic measurements using a previ-
ously published Python script, which was adjusted and validated
on World COACH data.”**!

The LCEA quantifies bony coverage of the femoral head by
the acetabulum (figure 1).>* Moderate pincer morphology was
defined as an LCEA =40°. Sensitivity analyses with an LCEA
threshold of =45° to define severe pincer morphology were
performed to determine whether increased acetabular overcov-
erage influences the risk of developing RHOA.

RHOA grading

Original OA scores per cohort were harmonised into ‘free of
RHOA (any score 0), ‘doubtful RHOA’ (any score 1) or ‘definite
RHOA (KL =2, modified croft =2, modified OA=2 or total hip
replacement).”

Outcome measurements

The primary outcome was ‘definite RHOA' defined by the
harmonised RHOA score (OA score=2) within 4-8 years
follow-up from baseline. Additionally, RHOA was defined as an
ordinal outcome ‘free of RHOA, ‘doubtful RHOA’ and ‘definite
RHOA in secondary analyses.

Figure 1 The lateral centre edge angle (LCEA) is measured on an
anteroposterior (AP) pelvic radiograph. The LCEA was constructed
according to the following steps. A horizontal reference line was
constructed to correct for pelvic tilt in the radiograph and was based
on the average of four lines, between (1) both femoral head centres, (2)
the most cranial points of the foramen obturator, (3) the most caudal
point of the ischial tuberosity and (4) the most caudal point of the pelvic
teardrop. To determine the centre of the femoral head, a best fitting
circle was drawn around the femoral head based on the statistical
shape modeling (SSM) points. The LCEA was then formed by two lines
drawn from the centre of the best fitting circle. The first line was drawn
vertically through the centre of the femoral head, perpendicular to the
horizontal reference line. The second line was drawn from the centre of
the best fitting circle to the most lateral bony point of the acetabulum.
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Statistical analysis

All statistical analyses were performed in R V.4.1.1. Univariate
differences in baseline characteristics between complete included
and excluded cases were inspected, meaning the included hips
were compared with the hips that were excluded because of an
OA score of 1 or 2 at baseline (figure 2). The association between
baseline moderate pincer morphology defined by LCEA =40°
and incident RHOA was estimated using a one-stage logistic

Hips wentified from:
Databases (n=11)

Databases removed before
selection:
No follow-up within 4-8 vears
y (n=2 cohorts)

TL230 hips

Missing BM1 and’or/ age and/

or biological sex (n—4.554)

(BMI n-4.239 pgen- 1114,
, biological sex n=2%0)

T2,676 hips

Missing OA score ut baseline
(n=16.106)

>

y

36,570 hips
Insufficient quality radiograph
for automated dysplasia
measurement calculation
y (n=4,457)
52,085 hips

I Missing OA score at follow-up
(n=13.553)

Acetabular dysplasia at
haseline WCEA £ 257
(n=6.895)

31,637 hips

) OA score | {n=10.367) or OA
score 2 (n=2,135) at bascline

y

18,935 hips

Figure 2 Flow of hips from consortium inclusion to final study
population. BMI, body mass index; OA, osteoarthritis.

regression model with generalised mixed effects with three levels:
hip side (left/right), individual and cohort. We corrected for the
cohort in this multilevel model in order to adjust for possible
residual confounding by study differences. The model accounted
for the difference between open (Chingford, JoCo, RS-I, RS-II,
RS-III) and closed population cohorts (CHECK, OAI, MOST,
SOF). The inclusion criteria for various population types vary
notably, with a key distinction centred on enrolment charac-
teristics. The results are expressed as adjusted OR (aOR) and
unadjusted ORs with 95% CI and were adjusted for baseline age,
modelled using splines with three df to account for non-linearity,
biological sex and BMI. A sensitivity analysis was performed
using LCEA =45° to define severe pincer morphology. In the
sensitivity analysis, hips with a 40° <LCEA <45° were excluded
from the reference group in order to compare pincer hips to
a population of hips free of pincer morphology by any defini-
tion. The statistical significance threshold was set at p<0.05. To
investigate the impact of the full-limb radiographs, which are
traditionally not used to define hip morphology, on the associ-
ation between pincer morphology and RHOA, we repeated the
analyses excluding the MOST cohort. Additionally, a continua-
tion ratio model with ordinal outcome RHOA classified as ‘free
of RHOA, ‘doubtful RHOA’ and ‘definite RHOA® was created
to assess the influence of doubtful RHOA as reference group.
Random effects were added to adjust for clustering of cohorts
and individuals, and the model was adjusted for baseline age, sex
and BMI. Moderate pincer morphology was defined as LCEA
=>40°. The model was built in a forward fashion and a relaxed
ordinality assumption for pincer morphology, allowing the
effect of pincer morphology to be different for each level of the
outcome RHOA within 4-8 years. The results were presented
as an effect plot of the marginal probabilities with reference to
the random effects for females, with mean baseline age and BMI
and randomly selected left hip side. Due to limited outcomes, it
was not possible to perform subgroup analyses using the same
logistic regression model used in our primary analysis. Instead,
we reported absolute risk (AR) and relative risk (RR) of devel-
oping RHOA in hips with moderate pincer morphology and
non-pincer hips. These estimates were stratified by age (40-50,
51-60, 61-70 and >70 years of age), BMI (BMI >25and
BMI <25) and biological sex. The AR 95% CI was calculated
based on the observed AR: AR=1.96*sqrt((AR(1—AR))/total
number of individuals. The RR with corresponding 95% CI was
determined by unconditional maximum likelihood estimation.
No additional covariates were included in these stratified risk
estimates. Logistic regression was performed using the lme4
package.”® The continuation ratio model was created using the
GLMMadaptive package.”® The effect plot was created using the
ggplot2 package.*®

Equity, diversity and inclusion statement

The current study includes participants with a variety of ethnic
backgrounds, more women than men and individuals from three
continents from high-income countries. Our study includes
individuals from marginalised communities, including ethnic
minorities, women, elderly and low-income and rural commu-
nities from high-income countries. Details are reported in the
World COACH description paper.’” The author team is gender
balanced and includes both junior and senior researchers with a
variety of academic backgrounds who were actively involved in
the writing process.
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Table 1 Baseline characteristics of included hips, stratified per cohort
Total

CHECK Ching JoCo MOST OAIl RS- RS-l RS-l SOF Total incl.  excluding*
Hips, n (%) 678 815 633 1202 4481 2719 1797 2381 4229 18935 12702
Age, mean (SD) 55.64 (5.28) 53.62 (5.73) 59.25(8.72) 61.09(7.24) 60.66 (8.92) 65.21(6.33) 63.00 (6.40) 56.34 (4.85) 70.38 (4.36) 62.66 (8.36) 65.68 (8.32)
years
BMI, mean (SD) 26.29 (4.23) 25.38(3.97) 29.60 (6.02) 29.93 (5.13) 28.27 (4.64) 26.15(3.45) 27.11(3.83) 27.56 (4.17) 26.38 (4.31) 27.30(4.49) 27.51(4.75)
kg/m?
Men, n (%) 114 (16.8)  0(0.0) 282 (44.5) 378(31.4) 1860 (41.5) 1120 (41.2) 795(44.2) 1065 (44.7) 0(0) 5614 (29.6) 3444 (27.1)
Moderate pincer 143 (21.1) ~ 261(32.0) 149(23.5) 221(18.4) 1014(22.6) 887(32.6) 440(24.5) 522 (21.9) 1257(29.7) 4894 (25.8) 5099 (40.1)
morphology
(LCEA=40°), n (%)
Severe pincer 33(4.9) 73 (9.0) 35(5.5) 55 (4.6) 204 (4.6) 230 (8.5) 93 (5.2) 108 (4.5) 290 (6.9) 1121 (5.9) 1815(14.3)
morphology
(LCEA=45°), n (%)
OAscore=2 follow- 19/63 0172 18/36 3/4 3/10 1711 2/4 36/17 0/53 82/270 3025
up, male/female  (16.7/11.2)  (0.0/8.8) (6.4/10.3)  (0.8/0.5) (0.2/0.4) (0.1/0.7) (0.3/0.4) (3.41.3) (0.0/1.3) (1.5/2.0)

(%/%)
OA score: 0= no RHOA, 1= doubtful RHOA, 2= definite RHOA.

*Excluded hips are defined as all eligible hips for analysis but with OA score 1 or 2 at baseline.
CHECK, Cohort Hip and Cohort Knee; Ching, the Chingford Study; JoCo, The Johnston County Project; LCEA, lateral centre edge angle; LCEA, Lateral Center Edge Angle; MOST,
Multi-center Osteoarthritis Study; OA, osteoarthritis; OAI, Osteo Arthritis Initiative; RHOA, radiographic hip osteoarthritis; RS-, Rotterdam Study-I; RS-Il, Rotterdam Study-II; RS-Ill,

Rotterdam Study-Il (RS-II); SOF, Study of Osteoporotic Fractures.

RESULTS

Participants

The flow of World COACH hips to the current final study
population is depicted (figure 2). 18 935 hips were included for
analysis. The average time between the baseline and follow-up
radiograph across all cohorts is 6.0+1.7 years. Baseline demo-
graphic data stratified per cohort are presented in table 1. The
excluded hips were on average slightly older (65.68 years vs
62.66 years at baseline) and had a higher prevalence of pincer
morphology as defined by moderate and severe thresholds.

Pincer morphology

A total of 4894 (25.8%) hips had moderate pincer morphology
defined by LCEA =40° and 1121 (5.9%) hips had severe pincer
morphology defined by a threshold LCEA=45°. In females,
3542 (26.6%) hips had moderate pincer morphology and 810
(6.19%) had severe pincer morphology. In males, 1352 (24.1%)
hips had moderate pincer morphology and 311 (5.5%) severe
pincer morphology.

Incident RHOA

Definite RHOA had developed in 352 hips (1.9 %) within 8
years follow-up. The distribution of RHOA incidence per cohort
is 82 hips (12.1%) in CHECK, 72 hips (8.8%) in Chingford, 54
hips (8.5%) in JoCo, 7 hips (0.6%) in MOST, 13 hips (0.3%)

in OAL 12 hips (0.5%) in RS-I, 6 hips (0.4%) in RS-II, 53 hips
(2.2%) in RS-TIT and 53 (1.9%) in SOF.

Association between pincer morphology and RHOA

The association between moderate pincer morphology and inci-
dent RHOA within 8 years was 1.15 (0.92-1.43), (p=0.22).
The association between severe pincer morphology and inci-
dent RHOA was 1.50 (1.05-2.14), with a (p=0.026). The asso-
ciations between pincer morphology and incident RHOA are
summarised in table 2.

The marginal probability for hips with moderate pincer
morphology (LCEA=40°) to develop doubtful RHOA within
4-8 years is 0.20 (95% CI 0.14 to 0.28), compared with 0.17
(95% CI 0.11 to 0.24) for hips free of pincer morphology. The
marginal probability for moderate pincer hips (LCEA=40°) to
develop definite RHOA within 4-8 years is 0.03 (95% CI 0.01
to 0.06), compared with 0.02 (95% CI 0.01 to 0.06) for pincer-
free hips. The effect plot of the marginal probabilities from the
continuation ratio model with ordinal outcome RHOA is shown
in online supplemental material 2.

Sensitivity analysis excluding the MOST cohort

The study population excluding the MOST cohort comprised
a total of 17733 hips. Of all hips in the study population,
only seven hips developed RHOA within 8 years in the MOST

Table 2 Associations between severe and moderate pincer morphology and RHOA

Hips with incident

Definition pincer  Hips with pincer ~ RHOA at follow-up  Absolute risk ~ Unadjusted OR

morphology morphology (%) (%) (%) (95%Cl) P value Adjusted OR (95%Cl)* P value
Moderate pincer 4894 101 101/4894 (2.1) 1.19(0.91 to 1.57) 0.21 1.15(0.92 to 1.43) 0.22
morphology

(LCEA=40°)

Severe pincer 1121 31 31/1121 (2.8) 1.57 (1.10 t0 2.24) 0.013 1.50 (1.05 to 2.14) 0.026
morphology

(LCEA=45°)

*Adjusted for age, biological sex and body mass index (BMI)
LCEA, lateral centre edge angle; RHOA, radiographic hip osteoarthritis.
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cohort. No hips with pincer morphology developed RHOA. The
non-significant association between hips with moderate pincer
morphology and incident RHOA was 1.19 (95% CI 0.90 to
1.56, p=0.22) in the remaining study population (n=17733)
when hips from the MOST cohort were excluded.

Subgroup analyses

Descriptive statistics stratified by age group, biological sex and
BMI are summarised in table 3. The RR for moderate pincer
hips to develop RHOA was highest in age group 40-50 (RR 2.66
(95% CI1.43 to 4.95, p value 0.004), in hips with BMI =25 (RR
1.29 (95% CI 1.00 to 1.71), p value 0.078) and in female hips
(RR 1.20 (95% CI 0.93 to 1.56), p value 0.16).

DISCUSSION
This first IPD meta-analysis in a large prospective consortium
completely free of RHOA at baseline did not find a signifi-
cant association between moderate pincer morphology defined
by LCEA =40° and incident RHOA within 8 years. However,
severe pincer morphology (LCEA=45°) was significantly associ-
ated with RHOA. Hips with moderate pincer morphology may
also be more likely to progress to doubtful RHOA within this
follow-up compared with non-pincer hips, although no conclu-
sions on clinical significance can be drawn. Subgroup statistics
point in the direction that hips with moderate pincer morphology
in younger individuals (aged 40-50) and with higher baseline
BMI (=25) are more at risk of developing RHOA compared with
non-pincer hips. Additionally, hips in females with moderate
pincer morphology were slightly more at risk to develop RHOA
within 8 years compared with hips in males.

Several previous studies have been unable to establish an
association between moderate pincer morphology and RHOA.?
A large prospective study of over 4000 hips with 9.2 years of

follow-up from the Rotterdam Study found no significant asso-
ciation between pincer morphology, defined as an LCEA=40°,
and RHOA." Similarly, in the CHECK cohort, of 1002 hips
with 10 years follow-up, no overall association was observed;
however, the presence of hip pain at baseline did appear to
modify this relationship, as acetabular overcoverage increased
the risk of developing RHOA in these cases.”” In primary anal-
yses, our study did not find a significant association between
moderate pincer morphology and RHOA. Nevertheless, prior
results from the Rotterdam Study demonstrated that pincer
morphology increased the risk of developing RHOA specifically
in hips that were completely free of RHOA at baseline (KL grade
0)." Furthermore, a cross-sectional study by Faber et al reported
that pincer morphology was associated with an increased risk of
joint space narrowing, providing additional evidence that pincer
morphology may pose a risk for developing RHOA.' Inter-
estingly, in secondary analyses of our study data, severe pincer
morphology (LCEA =45°) was significantly associated with the
development of RHOA, further emphasising the complexity of
this relationship.

In the present study, the average BMI was 27.4kg/m>*
Conflicting evidence exists on the relationship between increased
BMI and hip OA, although a systematic review suggested that
the risk of hip OA increases with BMI in a dose-response rela-
tionship.?® In our study, in a subgroup of people with a base-
line BMI =25 kg/m?, descriptive statistics indicated that pincer
morphology hips—compared with non-pincer hips, had a higher
RR (1.23 vs 0.79) of developing hip OA. Importantly, however,
their CIs overlap.

Our study population consists mostly of female hips (70%),
but the incidence of pincer morphology was similar in female
and male hips (26.6% and 24.1%, respectively). This is in line
with previous findings.”” Research shows that women have

Table 3  Absolute and relative risk of hips with moderate pincer morphology to develop incident radiographic hip osteoarthritis stratified by age

group, BMI and biological sex

Absolute
Hips with moderate Hips with moderate pincer risk, %
Total hips in pincer morphology Hips with incident morphology (LCEA=40°), (95%Cl) Relative risk, %
Strata group, n (LCEA=40°), n (%) RHOA, n (%) and incident RHOA, n * (95%CI) t P value
Age (years)
40-50 1534 307 (20.0) 40 (2.6) 16 1.0 (0.5to 2.66 (1.43 to 4.95) 0.004
1.6)
51-60 6180 1363 (22.1) 149 (2.4) 47 0.8(0.5t0 1.63(1.16t0 2.29) 0.007
1.0)
61-70 7557 2056 (27.2) 110 (1.5) 26 0.3(0.2to 0.83(0.53 to 1.28) 0.45
0.5)
70+ 3664 1168 (31.9) 53 (1.4) 12 0.3(0.1to 0.62 (0.32t0 1.19) 0.18
0.5)
BMI (kg/m?)
<25 6094 1600 (26.3) 125 (2.1) 31 0.5(0.3to 0.93(0.62 to 1.38) 0.76
0.7)
>25 12841 3294 (25.7) 227 (1.8) 70 0.5(0.4to 1.29(1.00to 1.71) 0.078
0.7)
Biological sex
Male 5614 1352 (24.1) 82 (1.5) 19 0.3(0.2to 0.95(0.57 to 1.58) 1
0.5)
Female 13321 3542 (26.6) 270 (2.0) 82 0.6 (0.5to 1.20 (0.93 to 1.56) 0.16
0.7)

*The absolute risk was calculated using the following equation: (number of hips with pincer morphology and RHOA/total number of hips in subgroup).

tThe relative risk was calculated using the following equation: (number of hips with pincer and RHOA/(number of hips with pincer and RHOA+number of hips with pincer only))/
(number of hips with RHOA without pincer morphology/(number of hips with RHOA without pincer morphology+number of hips without pincer morphology or RHOA)).

BMI, body mass index; LCEA, lateral centre edge angle; RHOA, radiographic hip osteoarthritis.
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greater pelvic obliquity and less vertical centre of mass displace-
ment compared with men, which may influence biomechanics
of the hip joint, and could potentially lead to a higher RHOA
risk in female hips with pincer morphology.*® Unfortunately, it
was not possible to perform regression analyses in subgroups by
biological sex in the present study, as only 19 male hips with
pincer developed RHOA.

It is possible that the definition of pincer morphology has
a direct impact on its association with RHOA.*” This is illus-
trated by the significant association between severe pincer
morphology defined by LCEA=45° and incident RHOA, which
was not present in the current population when moderate pincer
morphology was defined by LCEA=40°. Most studies have
relied on an LCEA =40° to define pincer morphology, but based
on results from the present study with almost 19000 hips, we
argue that this threshold may be too low to be clinically relevant.
A recent study of 6807 individuals from the UK Biobank found
a prevalence in the general population of pincer morphology
defined by an LCEA =45°, of 8.1% in females and 8.9% in
males.'® This is similar to the prevalence in this study (LCEA=45°
6.1% in female hips and 5.5% in male hips). In the excluded
hips from the present study, severe pincer morphology preva-
lence was 14.3%. These hips were only excluded from analysis
because they were not free of RHOA at baseline. It may be that
these hips had already developed RHOA as a result of acetabular
overcoverage. This is further supported by the increased RR in
the younger subgroups as pincer morphology may be a consid-
erable risk factor for more rapid development of RHOA. On the
other hand, the LCEA might also be influenced by the presence
of RHOA, for example, due to (subtle) acetabular osteophytes,
which potentially cause false-positive classification of pincer
morphology. This is why we excluded these hips. Subsequent
studies should aim to conduct sensitivity analyses employing this
threshold, which may elucidate a more clinically relevant study
population in the search for modifiable risk factors for RHOA.

Importantly, the definition of pincer morphology as a static
concept (defined only by radiological excessive acetabular
coverage) differs from the dynamic concept of FAI syndrome
with pincer morphology. The definition of FAI syndrome, as
stated by the 2016 Warwick Agreement, does not only pertain
to radiological findings, but to a triad of radiological signs,
clinical signs (hip impingement tests, limited range of motion)
and symptoms (motion or position-related pain in the hip or
groin).'® Clinical signs and symptoms have not yet been harmon-
ised in the world COACH consortium but including those might
enhance the predictive ability and identify hips with pincer
morphology, which are at higher risk of developing RHOA as
this has been shown previously for patients with FAI syndrome
with cam morphology in the CHECK cohort.

This study has several strengths. First, we included hips
completely free of any signs of RHOA at baseline, which differs
from some previous prospective studies.’ *'* This allowed us to
study associations that were unbiased by pre-existing doubtful
RHOA. Though previous prospective studies generally corrected
for baseline RHOA grade in statistical models, we believe
risk factors are best demonstrated when RHOA-free hips are
followed until a subset develops disease. Furthermore, LCEA
measurements may be affected by the presence of osteophytes as
it is possible that spurious osteophytes are mistaken for pincer
hips. We were able to rule out the presence of osteophytes at
baseline as all included hips were completely free of RHOA.
Second, IPD meta-analysis study design is a significant strength.
By collecting, pooling and analysing original cohort data, we
achieved increased statistical power allowing for subgroup and

sensitivity analyses. Our results confirm a robust estimate of the
risk pincer morphology poses to RHOA-free hips within 8 years.
This could inform the clinical approach to patients with severe
pincer morphology, including future treatment and preventa-
tive strategies for hip OA. Finally, we used uniform automated
measurements. Using a validated algorithm to quantify acetab-
ular coverage of all hips on baseline radiographs reduces vari-
ability and bias in predictor measurements.

Limitations

This study is subject to several limitations. First, it has been
suggested that pincer morphology potentially only leads to RHOA
when mixed with other shape features, or specific subtypes of
pincer morphology which were not captured by the LCEA only.*!
The LCEA, however, is presently the most commonly used and
reliable measurement of pincer morphology.’* Furthermore, a
recent study compared radiographs to CT scans and found similar
sensitivity and specificity in defining pincer morphology when
comparing radiographs to CT scans.* Second, we included both
supine and weight-bearing radiographs, which may influence
RHOA grading. However, a study comparing the joint space
width (JSW) on weight-bearing and supine radiographs found
that how the radiograph was obtained does not significantly
impact JSW measurements.** In the present study, we adjusted
for age, biological sex and BMI as these are important in hip OA
research and were harmonised variables in the world COACH
consortium.'” Importantly, unmeasured confounders that were
not incorporated may be important in the association of pincer
morphology and hip OA and should be studied in future work.
Additionally, although the World COACH consortium includes
a large and diverse sample, all cohorts are based in high-income
countries. Given that low-income and middle-income countries
also bear a substantial burden of hip OA, the generalisability of
our findings to these populations may be limited. Finally, we
only studied RHOA, which may differ from clinically relevant
hip OA where symptoms are taken into account. Elucidating the
association between pincer morphology and a clinical definition
of hip OA should be prioritised in future research.

Modifiable risk factors are essential for preventing hip OA in the
general population as well as athletes. Our study shows that severe
pincer morphology only explains a small subset of individuals at
risk for hip OA. However, we argue that severe pincer morphology
is a potentially modifiable risk factor for hip OA for at least three
reasons. First, physical therapy might increase strength and stability
of the joint. Second, activity modification might help avoid excessive
joint loading. Third, surgical interventions might help improve the
joint shape and could potentially aid in preventing OA, although this
is presently unknown. Prevention of hip OA can improve overall
quality of life and aid in relieving the substantial and increasing soci-
etal burden of this disease.*

To the best of our knowledge, our IPD meta-analysis is the first
study of its kind to investigate the relationship between pincer
morphology and the risk of developing RHOA. Severe pincer
morphology defined by an LCEA =45° is significantly associated
with incident RHOA in a population of RHOA-free hips at baseline.
This study offers new insights into a potentially modifiable risk factor
for RHOA in specific subgroups, which contributes to discovering
targets for prevention and treatment of hip OA in the future.

Clinical implications

Pincer morphology, characterised by acetabular over-coverage, is
not currently identified as a risk factor for RHOA in the existing
literature, potentially due to variability in measurement methods,
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thresholds and study populations as well as reader variability in
manual measurements. However, this study provides robust evidence
that severe pincer morphology, defined by a LCEA of 45° or more,
is significantly associated with incident RHOA, whereas a LCEA
of 40° is not. By including only hips free of RHOA at baseline and
accounting for variations in defining the outcome, this analysis avoids
inconsistencies seen in prior research. Since OA significantly impacts
quality of life, understanding how pincer morphology increases the
risk of disease could help identify high-risk individuals and inform
strategies to mitigate this modifiable risk factor.
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