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Abstract

Background: Cam morphology contributes to the development of hip osteoarthritis
(OA) but is less studied in the general population. This study describes its associations
with clinical and imaging features of hip OA.

Methods: Anteroposterior hip radiographs of 1019 participants from the Tasmanian
Older Adult Cohort (TASOAC) were scored at baseline for o angle (cam morphology)
in both hips. Using the Altman's atlas, radiographic hip OA (ROA) was assessed at
baseline. Hip pain and right hip structural changes were assessed on a subset of 245
magnetic resonance images (MRI) at 5 years. Joint registry data for total hip replace-
ment (THR) was acquired 14 years from baseline.

Results: Of 1906 images, cam morphology was assessed in 1016 right and 890 left
hips. Cross-sectionally, cam morphology modestly associated with age (prevalence
ratio [PR]: 1.02 P =.03) and body mass index (BMI) (PR: 1.03-1.07, P = .03) and strongly
related to male gender (PR: 2.96, P < .001). Radiographically, cam morphology was
prevalent in those with decreased joint space (PR: 1.30 P = .03) and osteophytes (PR:
1.47, P = .03). Longitudinally, participants with right cam and high BMI had more hip
pain (PR: 17.9, P = .02). At the end of 5 years of follow-up these participants were also
more likely to have structural changes such as bone marrow lesions (BMLs) (PR: 1.90
P = .04), cartilage defects (PR: 1.26, P = .04) and effusion-synovitis at multiple sites
(PR: 1.25 P =.02). Cam morphology at baseline in either hip predicted up to threefold
risk of THR (PR: 3.19, P = .003) at the end of 14 years.

Conclusion: At baseline, cam morphology was linked with age, higher weight, male
gender, early signs of radiographic OA such as joint space narrowing (JSN) and osteo-
phytes (OST). At follow-up, cam predicted development of hip BMLs, hip effusion-
synovitis, cartilage damage and THR. These findings suggest that cam morphology
plays a significant role in early OA and can be a precursor or contribute to hip OA in

later life.
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1 | BACKGROUND

Cam morphology assessed by a angle, is a shape variation that might
influence the development and progression of hip osteoarthritis
(OA).! It is common in active young adults and middle-aged popu-
lations.>* Nevertheless, recently, a few prospective studies have
reported that cam morphology could be one of the causes of idio-
pathic hip OA in older adults.’ For instance, in a longitudinal study
of women who were followed for 20 years, each degree increase in
o angle was associated with 5% greater risk of radiographic hip OA
and total hip replacement (THR).® Similarly, in another longitudinal
cohort study, presence of cam morphology predicted hip OA over
9 years.” In the Cohort Hip and Cohort Knee (CHECK) study par-
ticipants with moderate and severe cam morphology were 3 to 10
times more likely to develop hip OA.° Recently, the Musculoskeletal
Pain in Ullensaker (MUST) study reported that participants with cam
morphology were more likely to have Kellgren-Lawrence score >2
and reduced joint space narrowing (JSN) (<2 mm).8

These studies show that cam morphology is prevalent in the gen-
eral population and is a major cause of hip OA.>® Early detection and
correction of cam morphology could reduce the prevalence of OA
or improve patient-reported outcomes.” However, most of the liter-
ature on cam morphology is focused on its associations with radio-
logical findings. Moreover, cam morphology in the left and/or right
hip (side-specific) has not been reported elsewhere. Over the last
decade imaging biomarkers such as bone marrow lesions (BMLs),*
cartilage defects,'! high cartilage signal'® and effusion-synovitis'?
have emerged as strong predictors of early OA. But their association
with cam morphology remains undetermined. A community-based
study which examines the links between side-specific cam morphol-
ogy and several risk factors of OA could clarify its natural history.
Thus, the goal of this study is to examine the cross-sectional and
longitudinal associations of right-left cam morphology with clin-
ical, magnetic resonance imaging (MRI) measures of hip structural

change and radiological features of OA.

2 | METHODS

2.1 | Participants

This study was conducted as part of the Tasmanian Older Adult
Cohort (TASOAC) study, a prospective, population-based study
that was initiated in 2002 aiming to identify the environmental,
genetic, and biochemical factors associated with the development
and progression of OA at multiple sites (hand, knee, hip, and spine).
Subjects between the ages of 50 and 80 years where randomly
selected from the electoral roll in southern Tasmania (population

229 000), with an equal number of men and women. The overall
response rate was 57%.1° As TASOAC was designed to examine
community-dwelling older adults; institutionalized older adults
were excluded. Participants also were excluded if they reported
contraindications for MRI. Of all initially eligible participants a
total of 1100 participants were enrolled between March 2002 and
September 2004. Follow-up data from 3 clinic visits were collected
for 875, 769 and 568 participants respectively. These visits were
conducted approximately 3 years, 5 years and 14 years from base-
line (Figure 1).18

Of 1100, 1099 participants attended a clinic at baseline. Of these
participants' 2198 hips, 288 were excluded due to prior hip replace-
ment, or corrupted images. Thus, 1906 radiographs were included
in this study and right and left cam morphology was assessed in
1016 and 890 hips respectively. Written informed consent was ob-
tained from all participants, and the Southern Tasmanian Health and

Medical Human Research Ethics Committee approved this study.'*

2.2 | Demographics

Self-administered questionnaires were used to assess demographic
characteristics, medical history, and lifestyle factors. Age was re-
corded at baseline and at every follow-up. In this study, we stratified
age into 3 groups: category O included participants who were 50-
59 years old; category 1 included participants who were 60-69 years
old and category 2 included those who were 70 years or older.
Height and weight were measured by stadiometer using standard
protocols, and body mass index (BMI) calculated. The data for BMI
were further stratified into 3 categories: normal (BMI: 18-25 kg/m?),
overweight (BMI: 25-30 kg/m?) and obese (BMI: 30+ kg/m?).

2.3 | Hip pain

At baseline hip pain was self-reported using a standardized question-
naire. The presence and severity of hip pain for all the participants
at 3 and 5 years from baseline were determined using a Western
Ontario and McMaster Universities Osteoarthritis (WOMAC) index

pain score.””

24 | THR

Data for the incidence of primary (first-time) hip replacement be-
tween 1 March 2002 and 21 September 2016 were determined by
data linkage to the Australian Orthopaedic Association National
Joint Replacement Registry (AOANJRR).®
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FIGURE 1 Flow chart showing the measures used in the current study at each time point BMLs, bone marrow lesions; ROA, radiographic

osteoarthritis; THR, total hip replacement

2.5 | Hip MRI protocol

A hip protocol was added in the later stages of the study and
MRI of the right hip was acquired at approximately 3 and 5 years
after baseline. Of 245 consecutive randomly chosen participants,
Short tau inversion recovery (STIR) MRIs for 228 and 215 partic-
ipants were available at 3 and 5 years from baseline.”” Thus, in
total 443 MRIs from both time points were used to assess imaging
biomarkers.

2.6 | MRI

The right hip was imaged using a 1.5 Tesla GE Signal whole-body
magnetic resonance scanner. A set of sagittal images was obtained
with a slice thickness of 3.5 mm and an inter-slice gap of 1.5 mm
using a STIR-weighted, fat saturation, 2-dimensional fast spin-echo
sequence was obtained.’* Using Osiris X software (University of
Geneva) imaging markers such as bone marrow lesions (BMLs),*”
high cartilage signal,"” hip cartilage defects'® and hip effusion-

synovitis19 were assessed.

2.61 | BMLs

Quantitative assessment of subchondral hip BMLs in STIR MRI were
identified as areas of increased signal intensity adjacent to the sub-
chondral bone on the femoral head and/or the acetabulum. The

intra-class correlation coefficient (ICC) of the hip BMLs was 0.99.7

2.6.2 | High cartilage signal

High cartilage signal was identified as an increase in the signal in-
tensity of the articular cartilage due to increased water content that
appears as a bright band in the cartilage, either adjacent to a hip BML
or at any location on the STIR MRI slice if no BML was present. High

cartilage signal was graded as O for absent and 1 for present. The
intra-rater agreement high cartilage signal was 0.88.%

2.6.3 | Hip cartilage defect

Hip defects on either femoral head or acetabulum were identified
as any change in the hip cartilage and were categorized as: grade
0 = normal cartilage, grade 1 = focal blistering or irregularities on
the cartilage surface or a partial thickness defect and grade 2 = full-
thickness defect with bone ulceration and/or exposure of bone. For
this study, cartilage defects were coded as O for absent and 1 for
present regardless of the extent of cartilage damage. The intra-rater
agreement (kappa) for cartilage defects was 0.89 and the ICC was
0.84.'8

2.6.4 | Hip effusion-synovitis

Hip effusion-synovitis was identified and assessed in STIR images.
The observer (HGA) manually selected the magnetic resonance slice
with the largest effusion-synovitis and determined the maximum
cross-sectional area of the bright region by manually drawing con-
tours around the outer edges. In a reliability study of 40 subjects
with repeated measurements after 4 weeks, the intra-rater agree-
ment (kappa) for the presence of hip effusion-synovitis was 0.84.%7

2.7 | Hipradiographs and assessment of hip
radiological OA (ROA)

Anteroposterior radiographs of the pelvis were obtained at the first
visit with the individual weight-bearing and with both feet internally
rotated by 10°. The Altman atlas was used by 2 trained readers (Prof.
Graeme Jones and Dr Helen Cooley) who followed the Osteoarthritis
Research Society International grading system (OARSI) and assessed
the radiographs. Radiographic features of JSN (axial and superior)
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and osteophytes (superior acetabular and femoral) of both hips were
graded separately on a 4-point scale (range 0-3, where O = no dis-
ease and 3 = most severe disease). After combining the JSN and os-
teophytes scores, the presence of radiographic hip OA was defined
as a total score of 1 or greater.°

2.8 | Assessment of cam morphology

At baseline the shape of the proximal femur and acetabulum on
the anteroposterior radiographs was outlined by HA using sta-
tistical shape modeling (SSM) software (ASM toolkit, University
of Manchester, Manchester, UK).21 HA was trained by JW to use
the SSM model developed for the CHECK study.’ In this SSM, the
shape of the anteroposterior radiograph in either 1 or both hips
was assessed by a set of landmark points that are positioned along
the surface of the bone in the image. Each point is placed on the
same landmark of the outline, to allow comparison between the
shapes. The a angle was automatically calculated from this point set
(Figure 2) using MATLAB (V 9.0).” The ICC scores for inter-rater reli-
ability between 2 readers (HA and RA) was 0.96-0.98.

We defined cam morphology and severity of cam in the right
and left hip by using previous published standardized cut off points
established in the CHECK study.’ Furthermore, we also assessed
the associations of moderate and severe cam morphology in each

hip. Severity of cam morphology was categorized as follows. No

FIGURE 2 Measuring cam morphology using statistical shape
modeling

cam morphology, a angle less than 60°; moderate cam morphology,
a angle more than 60° and less than equal to 83°; and severe cam

morphology, a angle more than 83°.>22

2.9 | Statistical analyses

Characteristics of the population are presented as means and SDs.
All analyses were stratified and presented separately for right and
left hip. Overall, cam morphology was absent in 617 participants and
present in 381 participants. In non-cam hips the proportion of THR
was 5%, and in cam hips it was 40%.

In cross-sectional analyses, linear and log binomial regression
was used to test the associations between age, gender, and BMI and
cam morphology. Furthermore, modified Poisson regression was
used to test the association of ROA with cam morphology.

In the longitudinal analyses, modified Poisson regression was
employed to investigate the associations of presence of hip pain
(hip pain = 0 and hip pain >0) and THR with cam morphology. To
estimate the longitudinal association of hip pain severity and cam
morphology, linear regression was applied. Analyses for all statis-
tical models (Poisson regression) estimating associations between
MRI findings and cam morphology were restricted to the right hip.

All analyses were adjusted for covariates such as age, gender,
BMI, presence of ROA, osteophytes, cartilage defects, and BMLs
accordingly. Data on participants from both follow-ups were com-
bined in the analyses, and correlations between repeated measure-
ments on individuals were taken into account by adjusting standard
errors using the sandwich (robust) estimator of variance.?>?* All sta-
tistical analyses were performed using Intercooled STATA 12 (Stata
Corp.).

3 | RESULTS

Table 1 summarizes characteristics of hips with right and left cam
morphology. Proportions of cam morphology in left or right hip in
males was similar and no differences in BMI were noted. Radiological
changes in right and left hip were more or less similar. At follow-up,
presence of hip pain was lower in the left hip in comparison to the
right, while there was no difference in hip pain score. Up to 20% of
the right hip with cam morphology had structural changes such as
cartilage defects, high cartilage signal, effusion-synovitis and BMLs.
At the end of 14 years of follow-up, about 38% of hips with cam
morphology underwent joint replacement.

Table 2 outlines the cross-sectional associations of cam mor-
phology with age, male gender and BMI. Presence of cam mor-
phology in the right hip was modestly associated with age and BMI.
Nevertheless, its prevalence was higher in people over the age of
70 years. Obese individuals were more prone to severe cam of the
right hip. In the left hip, only moderate cam morphology was asso-
ciated with age and BMI. Male gender was strongly associated with
presence and severity of cam in both hips.
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TABLE 1 Characteristics of hips with right and left cam morphology

Baseline®
Age,y
Male gender
Body mass index, kg/m?
Self-reported presence of hip pain, Y/N
Hip radiological osteoarthritis, Y/N
Hip joint space narrowing, Y/N
Hip osteophytes, Y/N
Follow-up®
Presence of hip pain, Y/N°
Hip pain score”
Hip bone marrow lesions, Y/N
Hip cartilage defects, Y/N
Hip high cartilage signal, Y/N
Hip effusion-synovitis, Y/N

Total hip replacement

Left hip cam
Right hip cam morphology (203/1016) morphology (181/890)
Means (SD) or % Means (SD) or %
64.2(7.57) 63.7 (7.55)
150/496 (30.2%) 132/436 (30.2%)
28.4 (4.50) 28.1(4.80)
65/345 (18.8%) 60/345 (17.4%)
85/380 (22.4%) 83/368 (22.5%)

72/300 (24.0%)
40/157 (25.5%)

59/282 (20.0%)
2.70 (6.16)
11/55 (20.3%)
36/188 (19.1%)
30/184 (16.3%)
41/227 (18.0%)
12/32 (37.5%)

69/300 (23.0%)
36/142 (25.3%)

52/282 (18.4%)
2.62(5.96)

14/42 (33.3%)

Note: Wherever possible data is matched for each hip side.

Number of participants might vary due to missing data at baseline and follow-up.

bPresence of hip pain at follow-up and hip pain scare were calculated using Western Ontario and McMaster Universities Osteoarthritis Index.

The cross-sectional associations of cam morphology and severity
with hip radiological findings are presented in Table 3. In comparison
to those without right cam, the prevalence of JSN and osteophytes
was 40% and 75% greater in those with right cam morphology.
Those with left hip cam were 30%-40% more likely to have radio-
logical changes and moderate left cam showed similar associations.

Table 4 demonstrates the cross-sectional and longitudinal asso-
ciations of cam morphology with hip pain and THR. Presence of hip
pain at baseline or at the end of 5 years follow-up showed no associ-
ation with cam morphology. However, participants with severe right
cam morphology and higher BMI were likely to have greater pain
(prevalence ratio [PR]: 17.9, P < .02) than those without cam and nor-
mal weight. At the end of 14 years of follow-up, cam morphology on
either side predicted an almost threefold risk of joint replacement.

Table 5 outlines the longitudinal associations of cam morphology
with structural changes in the right hip. Over 5 years of follow-up,
presence and categories of cam morphology were associated with
higher prevalence of effusion-synovitis (up to 25%) and hip cartilage
defects (up to 26%). Only moderate cam morphology estimated 2-
fold higher prevalence of BMLs.

4 | DISCUSSION

This longitudinal study shows that cam morphology is associated
with several factors that represent progression of hip OA. These re-
lationships were somewhat different for right and left hips and have

been discussed in detail below. In general, cross-sectionally, cam
morphology was modestly associated with older age, and BMI. Men
and those with hip radiological changes such as reduced JSN and
increased number of osteophytes were more vulnerable toward de-
veloping cam morphology. Over 5 years of follow-up, cam morphol-
ogy predicted more hip pain, hip effusion-synovitis, and hip cartilage
defects. BMLs were more likely to develop in participants with mod-
erate cam. Lastly, at the end of 14 years, cam morphology predicted
end stage hip OA. Overall, cam morphology associates with several
important risk factors of OA and might play an important role in its
progression.

We found asymmetry in the associations of right and left cam
morphology and OA facets which could be due to biomechanical
factors, physiological, pathological changes to one joint in compari-

son to the other, lifestyle, injury or genetics.?>%¢

4.1 | Baseline
41.1 | Cam morphology and demographics

Male gender, higher BMI, and increased age are risk factors for hip
OA.% In the current study, in comparison to women, men had a 2- to
6-fold greater risk of having cam morphology in either hip. These
findings are consistent with previous studies.?®??

There is limited data on the relationship between cam morphology,

age and BMI. Here, cam morphology was associated with age and was
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TABLE 3 The cross-sectional associations of cam morphology and cam severity with hip radiological findings

Hip ROA Hip JSN Hip osteophytes
Adjusted Adjusted Adjusted
P P P
n/N PR (95% CI)* value n/N PR (95% CI)* value n/N PR (95% CI)* value
Right hip cam morphology
Absent 287/380 1.00 223/300 1.00 112/157 1.00
Present 85/380 1.18 .08 72/300 1.30 .03 40/157 1.40, .06
(0.98-1.44) (1.03-1.61) (0.99-1.96)
Categories
Moderate cam 47/380 1.12 .40 40/300 1.22 16 20/157 1.14 .57
(0.87-1.43) (0.92-1.63) (0.73-1.78)
Severe cam 38/380 1.28 .05 32/300 1.36 .04 20/157 1.75 .009
(0.99-1.65) (1.01-1.84) (1.15-2.70)
Left hip cam morphology
Absent 257/368 1.00 209/300 1.00 98/142 1.00
Present 83/368 1.30 .008 69/300 1.32 .01 36/142 1.47 .03
(1.07-1.56) (1.06-1.65) (1.03-2.10)
Categories
Moderate cam 46/368 1.48 .001 37/300 1.46 .008 18/142 1.50 .09
(1.20-1.86) (1.10-1.93) (0.94-2.41)
Severe cam 37/368 1.13 5305 32/300 1.20 .23 18/142 1.44 A1
(0.87-1.48) (0.88-1.61) (0.92-2.27)

Note: Dependent variable: radiological findings at baseline. Independent variable: cam morphology and cam severity at both hips.

Bold text represents statistically significant results.

Cam severity categories: no cam morphology = a angle <60°; moderate cam morphology = a angle >60° and <83°; severe cam morphology = a angle

>83°.

Abbreviations: JSN, joint space narrowing; ROA, radiographical osteoarthritis.

2PR (95% Cl) = prevalence ratios with 95% confidence intervals adjusted for age, gender, body mass index at baseline.

more prevalent in older participants (45%), and these associations were
independent from the presence of osteophytes. Although right-left
cam showed slight differences in their associations with age, the mag-
nitude of the results was similar. Cam morphology or defects can be
congenital in nature and prevalent in younger populations. However,
our results show that it could be a part of OA pathogenesis and de-
velop later in life. Our analyses are cross-sectional, but it is likely that
age influences o angle, leading to higher prevalence of cam. It should
be noted that this study did not consider aspects such as history of
physical activity, occupation, or genetics.>%%!

Cam morphology showed an association with BMI, and the risk
of severe cam in the right hip was 2-fold higher in obese partici-
pants. It is believed that BMI might influence cam morphology and
higher BMI may increase joint loading in hips with cam morphol-
ogy and intensify the disease process, perhaps more on one side
than other.*?*% On the other hand, people with hip pain or other
issues may become less active and on average more obese. Injury
or pain may also alter gait, leading to progress of cam in one hip.
Our results support this theory. However, our analyses are cross-
sectional and further longitudinal studies could help determine

these mechanisms.®2**

4.1.2 | Cam morphology and radiological findings
Left cam morphology was associated with radiological hip OA at
baseline. Conversely, JSN was common in both hips with prevalence
of cam morphology ranging from 30% to 40%. Hip osteophytes
were associated severe cam in the right hip (PR: 1.75, Cl: 1.15-2.70)
and presence of cam in the left hip (PR: 1.47, Cl: 1.03, 2.10). Our
results are similar to previous studies. For instance, cam morphol-
ogy at baseline was associated with a 2-fold higher risk of hip OA
over 5 years.’ Higher a angle increased the risk of radiographic hip
OA in woman over 20 years.® A systematic review established that
several radiographic features detected by SSM were associated with
incidence or progression of OA.%* However, these studies do not de-
scribe associations of cam morphology in the left and/or right hip.
Unlike previous studies, we used the OARSI grading system and JSN
and osteophytes both associated with cam morphology. It is spec-
ulated that presence of osteophytes might influence or drive this
shape variation. Perhaps osteophytes alter the joint dynamics, lead-
ing to reduction in joint space that is an indicator of cartilage loss.
However, our examination is limited by cross-sectional analyses and
further studies are required.
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4.2 | Follow-up
421 | Cam morphology and hip pain

Those with right hip cam and higher BMI were more likely to have
hip pain (PR: 17.9, Cl: 1.93, 1.66) at the end 5 years of follow-up, and
this association remained significant after adjusting for osteophytes.
Hip pain has been a subject of controversy in population-based stud-
ies in regard to cam morphology. For instance, cam-type deform-
ity did not predict hip pain in the CHECK cohort.® However, in the
Osteoporotic Fracture study an « angle less than 70° was associated
with lower hip pain.>> We found an interaction between BMI, right
cam morphology and hip pain. Moreover, in this study we demon-
strated that severe cam morphology was linked with obesity (PR:
1.95, Cl: 1.06, 3.56). Perhaps higher BMI might play a role in increas-
ing hip pain in those with cam morphology as it does with increasing
the risk of knee pain and knee OA.%¢

4.2.2 | Cam morphology and hip structural changes
assessed by MRI

Our previous studies have shown that hip BMLs are associated with
hip pain and changes in bone density.®” Similarly, high cartilage sig-
nal assessed by MRI is an indicator of early changes in the cartilage
and is associated with BML and cartilage defects.'® In this study,
BMLs were associated with moderate cam morphology (PR: 1.90,
Cl: 1.01-3.60), but high cartilage signal showed no such associations.
BMLs have emerged as an early and significant marker of develop-
ment of OA and are associated with several structural changes and
predict joint replacement.*>” We are the first to report its link with
cam morphology, especially in the early stages of hip OA and in a
community-based sample.

Over 5 years of follow-up, those with cam morphology had a
higher likelihood of developing cartilage defects (25%). These as-
sociations have not been reported in older adults. However, in a
surgical study of 50 men and women with average age of 28 years,
cartilage lesions at the anterosuperior and superior positions were
significantly larger in patients with cam morphology.38 It is specu-
lated that during flexion in participants with cam morphology, the
transition zone between the labrum and acetabular cartilage are
subjected to compressive and shear stresses. This causes the labrum
to translate away from the joint while the cartilage is pushed in the
opposite direction, preserving the labrum until later in the disease
process.33'39 Consequently, cam morphology may damage the carti-
lage, causing its delamination from the labrum. Our data support this
theory and show that cam morphology, independent of the presence
of BMLs, hip pain, hip ROA and effusion-synovitis, may predict the
development of cartilage defects.’”

Over 5 years, presence of cam morphology predicted effusion-
synovitis at multiple sites (PR: 1.25, Cl: 1.04, 1.50). The associations
of moderate cam morphology with hip effusion-synovitis were con-
sistent in comparison to severe cam morphology. Effusion-synovitis

is common in those with OA and is associated with increase in pain
and joint damage.'’> We have previously established a interlink
between MRI-based structural hip changes such as hip effusion-
synovitis, cartilage defects, BMLs and hip shape.’*® Hypothetically,
cam morphology may damage the cartilage and generate intra-
articular debris which results in inflammation of the synovium.*%*
This could explain the relationship between hip effusion-synovitis
and cam morphology. However, in this study, the association be-
tween presence of cam morphology and presence of hip effusion-
synovitis was independent of the presence of hip pain, hip ROA, hip
BMLs and hip cartilage defects. Thus, cam morphology may be one
of the causes of hip effusion-synovitis.

Overall, structural changes of the hip, including effusion-
synovitis showed modest associations with categories of cam mor-
phology. This could be due to the nature of the sample population
(community-based) and due to the limited number of MRIs. These
results should be replicated in other studies.

4.2.3 | Cam morphology and THR

At the end of 14 years of follow-up, cam morphology in both hips
at baseline predicted a higher risk of THR (for both hips PR ranging
2.60-3.19). Due to limited data we did not conduct analyses for mod-
erate and severe cam morphology.

Previous literature demonstrates that shape variations of the
femoral head predict THR, %2 and in the last few years this con-
cept has been well established.>**?**> Each study has used different
methods to assess cam morphology, but the results are more or less
similar. For example, in the CHECK study, the presence of cam-type
deformity (o angle >60°) predicted 3 times higher risk of hip OA,
while severe cam-type deformity (a angle >83°) predicted 10 times
higher risk of hip OA.® In our study, we used the same methods and
found that right-left cam morphology predicted THR. The magni-
tude of the associations of right-left hip with THR was similar, al-
though right hip predicted a 3-fold risk. This favorability toward the
right hip could be due to the involvement of other factors related to
joint replacement and cam such as higher BMI, more osteophytes

and hip pain.*¢*’

5 | LIMITATIONS

5.1 | There are certain limitations to this study

For assessment of cam morphology, only anterior-posterior radio-
graphs were used, and thus cam morphology located in the ante-
rolateral head neck junction may be missed. However, obtaining
radiographs in all the planes (coronal, axial and lateral) on a large
scale can be economically challenging. On the other hand, the
anterior-posterior view is inexpensive and easily available. In addi-
tion, the Warwick's agreement on femoro-acetabular impingement
(FAI) which includes cam morphology states that anterior-posterior
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radiograph of the pelvis can be used to identify cam or pincer
morphologies.*®

Osteophytes and cam are both features of OA and although we
measured these using different techniques and the shape model was
designed to exclude osteophytes, it is possible that an osteophyte
might be interpreted as cam. Nevertheless, adjusting for presence
of ROA or osteophytes had little effect on the analyses. MRIs were
available for only one hip and for a small number of participants. Thus,

analyses for MRI structural changes were restricted to the right hip.

6 | CONCLUSIONS

This study examined the cross-sectional and longitudinal link be-
tween cam morphology and features of OA. Cross-sectionally, this
shape variation was strongly associated with male gender and there
was a minor but statistically significant association with age and
BMI. Smaller JSN was consistently associated with cam morphol-
ogy, while osteophytes were more common in those with severe
cam. At the end of 5 years, cam morphology predicted hip BMLs,
hip effusion-synovitis, cartilage damage, more hip pain in obese par-
ticipants. Cam morphology at baseline estimated higher risk of THR
at the end of 14 years. In summary, these findings suggest that cam
morphology plays a significant role in early OA and can be a precur-

sor or contribute to hip OA in later life.
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