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SUMMARY

Objective: To compare early hip osteoarthritis (OA) features on magnetic resonance imaging
(MRI) in high-impact athletes with and without hip and/or groin pain, and to evaluate associations
between early hip OA features, the International Hip Outcome Tool (iHOT33) and Copenhagen
Hip and Groin Outcome Score (HAGQS).

Design: This case-control study evaluated data of the femoroacetabular impingement and hip
osteoarthritis cohort (FORCe). One hundred and eighty-two symptomatic (hip and/or groin

pain >6 months and positive flexion-adduction-internal-rotation (FADIR) test) and 55 pain-free
high-impact athletes (soccer or Australian football (AF)) without definite radiographic hip OA
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underwent hip MRI. The Scoring Hip Osteoarthritis with MRI (SHOMRI) method quantified and
graded the severity of OA features. Each participant completed the iHOT33 and HAGOS.

Results: Hip and/or groin pain was associated with higher total SHOMRI (0-96) (mean
difference 1.4, 95% CI: 0.7-2.2), labral score (adjusted incidence rate ratio (alRR) 1.33, 95% CI:
1.1-1.6). Differences in prevalence of cartilage defects, labral tears and paralabral cysts between
symptomatic and pain-free participants were inconclusive. There was a lower prevalence of
effusion-synovitis in symptomatic participants when compared to pain-free participants (adjusted
odds ratio (aOR) 0.46 (95% CI: 0.3-0.8). Early hip OA features were not associated with iHOT33
or HAGOS.

Conclusions: A complex and poorly understood relationship exists between hip and/or groin
pain and early hip OA features present on MRI in high-impact athletes without radiographic OA.
Hip and/or groin pain was associated with higher SHOMRI and labral scores.

Keywords
MRI; Hip osteoarthritis; Osteoarthritis; Hip pain

Introduction

Hip osteoarthritis (OA) is associated with substantial personal and societal burden®, with

its pathogenesis involving genetic, biological, biomechanical and environmental factorsl=3.
Mechanical joint overload may represent one disease pathway#, with subtle alterations in
bony anatomy (i.e., cam morphology) also related to hip OA development>-8, Repetitive
high-impact physical activity (such as football) might even increase the risk for hip OA%:10,
with many young adults experiencing hip-related pain with sports participation!. Once
established, the radiological joint changes seen in OA are irreversiblel2. Identifying early
disease may be important, as this may represent a point in time where interventions aimed at
slowing disease progression could be effectivel2.

Radiographs are often used to evaluate hip OA but are insensitive to the soft-tissue findings
seen in the early stages of OA10. Magnetic resonance imaging (MRI) provides superior
soft-tissue contrast, enabling assessment of articular cartilage, labrum and other joint
featuresl013.14 Semi-quantitative MRI measures enable structured evaluation of soft-tissues
involved in the pathogenesis of OA, with such approaches recommended for use in clinical
studies of hip OA13. The Scoring of Hip Osteoarthritis with MRI (SHOMRI) is a reliable
and valid semi-quantitative measure, which has been used to characterise and monitor the
burden of hip OAL.

Little is known about hip OA features on MRI in younger people participating in high-
impact physical activity who are free from radiographic OA, and who have or do not

have hip and/or groin painl®. Evaluating early OA features in younger active symptomatic
individuals, may aid in the understanding of early hip joint degeneration and assist in
establishing the relationship between specific OA features and symptoms. The aims of this
study were: 1) to compare early hip OA features on MRI between people with and without
hip and/or groin pain participating in high-impact physical activity (i.e., soccer or Australian
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football (AF)); 2) to compare early hip OA features separately in men and women; and 3)
to evaluate the relationship between early hip OA features, the International Hip Outcome
Tool (iHOT33) and Copenhagen Hip and Groin Outcome Score (HAGOS) symptom and
pain subscales.

Study design

Participants

This case-control study used baseline data of the femoroacetabular impingement and

hip osteoarthritis cohort (FORCe). The FORCe study is an ongoing prospective study
investigating changes to hip joint structures in 184 symptomatic men and women (cases)
participating in high-impact physical activity (soccer or AF)17. A convenience sample of 55
pain-free men and women participating in high-impact physical activity were recruited to
match the mean age and sex distribution of the 184 symptomatic participants of the FORCe
study and serve as a control group. Symptomatic and control participants were participating
in the same league/competition level and were recruited between August 2015 and October
2018 from sporting clubs or organisations and via online or print advertising in Melbourne
and Brisbane, Australia. This study had ethics approval (La Trobe University Human
Ethics Committee [HEC 15-019 and HEC 16-045] and the University of Queensland
Human Ethics Committee [2015000916 & 2016001694] and all participants provided
written informed consent. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines were followed18.

The eligibility criteria for symptomatic and control participants are described in Table I. For
symptomatic participants, each hip was classified as either 1) symptomatic or 2) other. The
contralateral hip was classified as other if 1) no hip and/or groin was reported; or 2) hip
and/or groin pain was reported but the participant had a negative FADIR test (Appendix (A),
Table I). Control participants had no history of hip and/or groin pain and a negative FADIR
test in both hips.

Radiographs

Each participant underwent a supine anteroposterior (AP) pelvis radiograph using a
standardised protocol (Appendix (A)). Features of radiographic hip OA were evaluated
using the OARSI atlas!® by a blinded registrar orthopaedic surgeon (RA) with more than
10 years’ experience reading pelvic radiographs. This resulted in a Kellgren and Lawrence
(KL) classification (KL) (grade 0-4), with hip OA defined as a KL grade of 2 or greater0.
Intra-observer reliability for KL classification had a kappa of 0.87 (95% CI: 0.71,1.0)21,

Magnetic resonance imaging

Each participant underwent an unenhanced 3.0 T MRI (Phillips Ingenia, The Netherlands).
Participants were positioned in supine with patient positioning aids used to maintain each
hip in internal rotation and neutral abduction/adduction, with a 32-channel torso coil placed
over the hips and pelvis, with right and left hips imaged independently. The MRI protocol
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included the following sequences: coronal proton density (PD) spectral attenuated inversion
recovery (SPAIR), sagittal PD SPAIR and oblique axial PD SPAIR (Appendix (A), Table II).

SHOMRI scoring

All MRI scans were evaluated by one musculoskeletal radiologist (RS) with 8 years of
experience, who was blinded to radiographic and clinical findings. The SHOMRI scoring
system has been defined previously®. Briefly, eight different OA features were evaluated
including: articular cartilage (graded 0-2), bone marrow edema pattern (BMEP) (graded
0-3), subchondral cysts (graded 0-2), labrum (graded 0-5), paralabral cysts (present or
absent), intra-articular bodies (present or absent), effusion-synovitis (present or absent) and
ligamentum teres (graded 0-3). Articular cartilage, BMEP and subchondral cysts were
evaluated in six femoral and four acetabular subregions, with the labrum evaluated in four
acetabular subregions!®. Intra-observer reliability was determined in 20 randomly selected
hips, re-read 2 weeks after the initial scoring.

OA feature scoring

For cartilage, acetabular and femoral subregions were combined, providing a total cartilage
score (0-20). BMEP and subchondral cysts were evaluated in 10 subregions, with a total
feature score ranging from 0 to 30 and 0 to 20, respectively. The labrum was scored in

four subregions (0-20). Ligamentum teres was scored from 0 to 3. The remaining features
(paralabral cysts, intra-articular bodies and effusion-synovitis) were scored as present or
absent. To be consistent with previous studies?223, the total SHOMRI score (0-96) was
calculated for each hip by adding the scores for each of the eight OA features, with a higher
score indicating more severe whole joint degenerative change.

Dichotomous scoring

Cartilage defects were scored as present if cartilage loss was evident in at least one
acetabular or femoral subregion and were defined as: any cartilage defect (grade one or
grade two) or full-thickness defect (grade two only). A labral tear was scored as present

if a grade two or above finding was reported in one or more subregions. For BMEP and
subchondral cysts, acetabular and femoral subregions were combined, with the feature
scored as present if a grade one or above was scored in at least one subregion. Ligamentum
teres tears were scored as present if a partial (grade two) or full-thickness tear (grade three)
was reported. Finally, paralabral cysts, intra-articular bodies and effusion-synovitis were
scored as present or absent.

Patient reported outcome measures

Demographic information (age, sex, height, weight, football code participation and training/
competition frequency) was collected. Each participant completed the iHOT3324 and the
HAGOS25, which are recommended patient reported outcome measures (PROM) in young
to middle-aged people with hip and/ or groin conditions28.

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2022 March 07.
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Statistical analysis

Data analyses were performed with SPSS version 25 (SPSS Inc, Chicago, Illinois, USA)
and Stata/IC 15.0 for Windows (StataCorp LC, College Station, Texas, USA). Intra-observer
reliability for OA feature scores (including total SHOMRI) were determined with intra-
class correlation coefficients (ICC) using a two-way mixed-effects model with absolute
agreement?’. Intra-observer reliability for individual OA features (dichotomous scoring) was
determined with kappa and prevalence adjusted bias adjusted kappa (PABAK). The kappa
statistic conveys the proportion of agreement greater than expected by chance; however,

the magnitude of the kappa coefficient is affected by the prevalence of a finding and bias
between observers. The PABAK adjusts for differences in prevalence of each hip OA feature
and bias between observers; therefore, providing a more complete assessment of observer
agreement28.

Linear regression models utilising generalised estimating equations (GEE) to account for
within-person correlation between right and left hip data were used to evaluate differences

in total SHOMRI score between symptom groups, with 95% confidence intervals (Cl) and
associated P values estimated using bootstrapping (1,000 repetitions) to account for right
skew in total SHOMRI scores??. Differences between groups in individual OA feature scores
(cartilage, BMEP, subchondral cysts, labral and ligamentum teres) were evaluated using
negative binomial regression utilising GEE, with group differences reported as incidence
rate ratios (IRR) with associated 95% CI and P-values. For the presence of individual

OA features (dichotomous scoring), the prevalence of each feature was reported per hip

for primary analysis, with per-person prevalence reported descriptively (Appendix (A),
Table I11). Differences between groups in feature prevalence were evaluated using logistic
binomial regression utilising GEE, with group differences reported as odds ratios (ORS)
with associated 95% CI and P-values. For the first study aim, data from men and women
were pooled and analyses adjusted for sex, age and body mass index (BMI). For the second
aim of the study, differences between symptom groups were estimated in men and women
separately by including an interaction term between sex and symptom group in the statistical
analyses described above (total SHOMRI score, individual OA feature scores and prevalence
of OA features), adjusted for age and BMI.

For the third aim of the study, Spearman's rank correlation was used to evaluate the
relationship between individual OA feature scores (including total SHOMRI score) and hip
and/or groin pain specific PROMs (iHOT33 and HAGOS symptoms and pain subscales) in
football players overall with hip and/or groin pain, and in men and women with hip and/or
groin pain separately. For all analyses, the total SHOMRI and individual OA features scores
were taken from the most symptomatic hip, as defined by the iIHOT33, with the HAGOS
subscale scores applied to this hip. The absence of non-linear relationships were evaluated
graphically using a locally weighted smoothing filter.

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2022 March 07.
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A total of 539 football players with hip and/or groin pain were screened eligibility, with

182 (symptomatic group) included (Fig. 1). In two symptomatic participants, one hip was
excluded due to the presence of hip OA (KL>2), with the remaining 362 hips included for
these analyses. One hundred and forty-seven asymptomatic football players were evaluated
for eligibility, with 55 participants (110 hips) included in the control group (Fig. 2).
Symptomatic and control participant characteristics are presented in Table Il. The prevalence
of KL grade one was low in both symptomatic (4%) and control (5%) participants.
Symptomatic participants had a median symptom duration of 24 months (interquartile range
18-49 months).

Percent agreement ranged from 80 (ligamentum teres tears) to 100% (BMEP). For OA
feature scores, ICCs ranged from 0.66 to 0.91. For individual features (dichotomous scoring)
kappa values ranged from -0.01 to 0.89, with PABAK 0.60 to 0.99 (Table I1I).

Total SHORMI score

In football players, higher total SHOMRI scores were observed in symptomatic [mean
difference (MD) = 1.4 (95% CI: 0.7, 2.2)] and other [M = 1.2 (95% CI: 0.1, 2.2)] hips than
in control hips (Table 1V). When stratified by sex, a similar finding was observed in men,
with symptomatic [M = 1.8 (95% CI: 1.0, 2.7)] and other [M = 1.7 (95% CI: 0.4, 2.9)] hips
having higher total SHOMRI scores. In contrast, symptomatic [M = 0.1 95% ClI: 1.0, 1.2)]
and other [M = 0.4 (95% CI: 2.2,1.4)] hips had similar total SHOMRI scores to control

hips in women (Table 1V). Unadjusted total SHOMRI scores are presented in Appendix (A),
Table IV. An interaction between sex and symptom group was found for total SHOMRI
score, whereby higher scores were found in men but not women in both symptomatic and
other hips when compared to control hips (Table 1V).

Individual osteoarthritis feature scores

In all football players, results for differences in cartilage score between symptomatic, other
and control hips were inconclusive (Table V). For men, higher cartilage scores were found
in symptomatic [adjusted incidence rate ratio (alRR) = 1.60 (95% ClI: 1.15, 2.22)] and other
hips [alRR = 1.61 (95% CI: 1.09, 2.39)] relative to control hips. In women, differences in
cartilage score between symptom groups were inconclusive (Table V).

In all football players, labral scores were higher in symptomatic [aIRR = 1.33 (95% ClI:
1.08,1.64)] and other hips [alRR = 1.32 (95% CI: 1.03, 1.68)] than in control hips. A similar
finding was observed in men, with higher labral scores in symptomatic [alRR = 1.38 (95%
Cl: 1.08, 1.76)] and other [alRR = 1.40 (95% CI: 1.06, 1.85)] hips when compared to
control hips. In women, results for differences in labral score between symptomatic, other
and control hips were inconclusive (Table V).

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2022 March 07.
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In all football players, differences in BMEP and ligamentum teres scores between
symptomatic, other and control hips were inconclusive (Table V). For men, results for
BMEP, ligamentum teres and subchondral cyst scores between symptom groups were
inconclusive. For women, differences in ligamentum score between symptom groups were
inconclusive (Table V).

Of the individual OA feature scores, an interaction between sex and symptom group was
only found for cartilage, whereby higher scores were observed for men but not women in
both symptomatic and other hips versus control hips (Table V).

Prevalence of osteoarthritis features

In all football players, and in men and women, results for differences in cartilage defect
and labral tear prevalence between symptomatic, other and control hips were inconclusive
(Table VI). In all football players, symptomatic [aOR = 0.46 (95% ClI: 0.26, 0.81)] and
other [aOR =0.38 (95% CI: 0.18, 0.77)] hips had a lower prevalence of effusion-synovitis
relative to control hips. In men, a lower prevalence of effusion-synovits was also observed
in symptomatic [aOR = 0.49 (95% CI: 0.25, 0.96)] and other [aOR = 0.36 (95% ClI:

0.15, 0.83)] than in control hips. For women, results for differences in effusion-synovitis
prevalence between symptom groups were inconclusive (Table V1).

In all football players, differences in paralabral cyst prevalence between symptomatic,
other and control hips were inconclusive (Table VI). In men, differences in subchondral
cyst, ligamentum teres tear and paralabral cyst prevalence between symptom groups were
inconclusive. Lastly in women, differences in paralabral cyst prevalence between symptom
groups were inconclusive. The prevalence of all OA features (including features not
compared statistically due to low prevalence) in football players are presented in Fig. 3,
with men and women presented in Appendix (A), Figs. 1 and 2.

No interaction was found between sex and symptom group for cartilage, labral tears,
paralabral cysts or effusion-synovitis.

Correlation between Scoring of hip osteoarthritis with MRI feature Scores, International
Hip Outcome Tool and Hip and Groin Outcome Score

The total SHOMRI and individual OA features scores were not associated with iHOT33 or
HAGOS symptoms and pain subscale scores in all football players, or in men or women
separately (Appendix (A), Table V).

Discussion

Football players frequently exhibited MRI-defined early hip OA features. The high
prevalence of early hip OA features, irrespective of symptomatic status, suggests a complex
and poorly understood relationship between pain and most OA features. Football players
with longstanding hip and/or groin pain exhibited higher total SHOMRI, labral and cartilage
scores. There was no relationship between OA feature scores (including total SHOMRI) and
the iIHOT33 or HAGOS.

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2022 March 07.
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Cartilage defects were present in 47-51% of football players hips without definite
radiographic hip OA, regardless of whether they had hip and/or groin pain or not. A

higher prevalence of full thickness cartilage defects was found in symptomatic hips than
control hips, with more extensive cartilage damage (i.e., higher cartilage scores) present in
symptomatic hips in men. Overall, there was a low prevalence of full-thickness defects

in football players (17%), suggesting that this feature is unlikely to be the primary

driver of nociception. The severity of cartilage damage was not associated with either the
iHOT33 or HAGOS. Osteoarthritis is an active disease that affects nearly all joint tissues,
with structural changes evident in articular cartilage, synovium, subchondral bone and
surrounding muscles=3.12, The discordant relationship between pain and cartilage damage
is consistent with our earlier systematic review!® and the knowledge that articular cartilage
is deficient of neural supply, and incapable of nociception in early disease3C. Evaluation of
cartilage damage with MRI is challenging due to the closely apposed and curved joint
surfaces and thin layer of acetabular and femoral articular cartilage3:31. Despite this,

the SHOMRI system may provide accurate grading (when compared to hip arthroscopy)
of cartilage damage if performed with high resolution, unenhanced 3-T MR, as in our
study32. While the use of contrast-enhanced MRI might provide superior assessment of
cartilage damage33, such approaches are not without risk'2 and not appropriate in people
without pain. Imaging-defined cartilage damage is associated with poor surgical outcomes34,
As such, further work is needed to establish factors associated with progressive cartilage
damage, and the role that altered cartilage structure plays in expediating whole joint disease.

Labral findings were observed in symptomatic (68—73%) and control (63-75%) football
players. The high prevalence of incidental labral findings in pain-free football players is
consistent with our earlier systematic review showing labral changes on MRI in over 50%
of active individuals without pain®. In general, higher labral scores were observed in
symptomatic participants. However, there was not a relationship between more extensive
labral pathology and pain or symptom severity, consistent with earlier studies using
semi-quantitative MRI measures1°31:35 we did not evaluate for extra-articular causes

of hip and/or groin pain3®. It is possible that an interrelationship may exist between

labral tear severity and PROMs in football players without coexisting extra-articular
conditions. High-resolution, unenhanced 3-T MRI may afford similar accuracy to contrast-
enhanced approaches for the assessment of labral abnormalities3”:38, Despite this, existing
literature supports the use of contrast-enhanced over unenhanced MRI33:39-41 Therefore,
the prevalence and/or severity of labral abnormalities may be underreported in both groups.
Labral damage may increase cartilage loading*243, possibly initiating cartilage degradation
and other soft tissue changes, which may lead to the genesis of symptoms*4. Our findings
suggest that labral abnormalities might represent a normal anatomical variant in some, but
not all people participating in high-impact sports. Further work is needed to understand

if the location or severity of labral abnormalities is associated with the development of
symptoms and/or progression of early hip OA. Clinical treatments that target labral tears
require careful consideration as they may not be appropriate in some high-impact athletes.

We observed a low prevalence of BMEP, subchondral cysts, paralabral cysts and ligamentum
teres tears. While studies in older people have described associations between BMEP,
subchondral cysts and pain severity>35, in our younger cohort of active individuals

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2022 March 07.
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there was inconclusive evidence of a higher prevalence. Longitudinal studies are needed
to establish if BMEP or subchondral cysts are associated with symptom and/or disease
progression in high-impact athletes. Ligamentum teres tears can be a source of hip and/or
groin pain#®. We did not observe a higher prevalence of ligamentum teres tears in football
players with symptoms or an association between tear severity and PROMs. Reliable

and accurate grading of ligamentum teres tears is challenging with unenhanced MRI46,
Therefore, we may under-report the presence and severity of ligament teres tears, and
subsequently the relationship between such findings and symptoms. The role that effusion-
synovitis plays in the genesis of hip symptoms and progression of joint disease is unclear.
Hip and/or groin pain was associated with a lower prevalence of effusion-synovitis in

all football players, men and women. Our findings are consistent with prior work using
unenhanced MRI247 but differ to those observed in female ballet dancers?’. By using
unenhanced MRI we could not differentiate effusion from synovitis#®49, As such, a
relationship may exist between either feature (effusion or synovitis) and symptoms. The
SHOMRI has a crude scoring (present or absent), meaning we were unable to determine
if the size of effusion-synovitis was associated with symptoms. Further work is required
to understand the role that the presence and/or size of effusion-synovitis plays in the
pathogenesis of hip OA, in particular the progression of cartilage degradation.

In football players and men without definitive radiographic hip OA, longstanding hip and/or
groin pain was associated with higher total SHOMRI scores, indicating a greater number
and/or severity of MRI hip OA features, than pain-free controls. However, total SHOMRI
scores were not associated with the iIHOT33 or HAGOS, suggesting that more extensive
‘whole joint’ disease may be associated with the presence, but not the level of pain or
symptoms. The similarity in SHOMRI scores with those of older individuals22, suggests
that early hip joint disease may be evident in young high-impact athletes. The SHOMRI
score has been used as a measure of whole joint disease?3; however, the relative importance
of each specific OA feature remains unknown. Future studies may investigate if specific
SHOMRI profiles exist in people who display symptom and/or disease progression.

Our finding of no substantive relationship between the severity of hip OA features and
PROMs may be influenced by the reliability of the SHOMRI measure. Intra-observer
reliability values were good to excellent for most OA features. For select features (cartilage,
ligamentum teres and subchondral cysts) we found only modest reliability (0.61-0.66).
Therefore, we may under or over-report the extent of early hip OA and subsequently the
relationship between certain features and symptoms. Although recommended for people
with hip and/or groin conditions, the construct and content validity of the iHOT33 and
HAGOS is still to be clarified0. A relationship may exist between hip OA features and
PROMs that measure different dimensions (e.g., intensity and unpleasantness) of hip and/or
groin pain and/or symptoms.

An interaction between sex and hip and/or groin symptoms was only evident for total
SHOMRI and cartilage score, whereby higher scores were seen in symptomatic and

other hips relative to control hips in men, but not women. Future studies evaluating the
relationship between symptoms and features of early hip OA should consider our findings.

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2022 March 07.
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We recognise that there are number of limitations that require consideration when
interpreting our findings. First, hip and/or groin pain can originate from pathologies present
in bony and musculotendinous structures around the hip joint, as well the lumbar spine and
pelvis®l. Symptomatic participants were not evaluated for other clinical entities observed

in high-impact athletes38, meaning such conditions may have contributed the generation of
symptoms. The FADIR test is sensitive but not specific for intra-articular hip conditions®2,
which prevents us from concluding that hip and/groin symptoms were being generated

from intra-articular hip pathologies alone. The SHOMRI scoring was completed by a

single trained musculoskeletal radiologist and we did not establish inter-observer reliability.
Our cohort consisted of soccer and AF players, and not those participating in other high-
impact physical activities (e.g., ice hockey and handball). This should be considered when
generalising our findings to other groups of athletes. Nonetheless, the high prevalence of OA
features on MRI observed in our cohort is comparable to earlier studies of other high-impact
athletes®3-55, suggesting that high-impact athletes exhibit MRI-defined OA features to a
similar extent. Unenhanced MRI provides variable accuracy relative to contrast-enhanced
approaches for both cartilage and non-osteochondral features (labrum, ligamentum teres and
synovium)334046.49 e used an optimised 3-T MRI protocol which increases confidence in
our findings, as such approaches have comparable accuracy to contrast-enhanced MRI37:96,
Further, the SHOMRI scoring system has demonstrated precision for identification of
cartilage and labral conditions when compared to hip arthroscopy32. We have previously
reported the prevalence of bony morphology in our cohort of football players?l, The
relationship between bony morphology and early hip OA is still to be established in active
high-impact athletes and will be the focus of future studies. The present case-control study
precludes assumptions about causal relationships between OA features present on MRI and
hip and/or groin pain.

Conclusion

Early hip OA features on MRI were prevalent in a high number of football players

without radiographic OA. Our findings suggest a complex relationship between self-reported
symptoms and most hip OA features observed on MRI. Hip and/or groin pain was associated
with more extensive cartilage loss and higher total SHOMRI and labral scores. Labral
findings were present in over 60% of football players with and without pain, questioning

the clinical relevance of this specific feature. Further work is required to establish the

natural history of early hip OA features and the identification of factors associated with the
progression of structural disease in high-impact athletes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(n=514)

Football players with hip and/or groin pain who Football players with hip and/or groin pain who participated in
responded to study advertisements or social media information sessions at soccer or Australian football clubs

(n=89)

Did not complete

pre-screen survey

(n=64) Football players with hip and/or groin pain screened for

participation in the study (n = 539)

Excl

uded during phone/face to face screen (n=257)
Unable to contact (n=126)

Previous surgery or awaiting surgery / Intra-articular injection (n=25)
Not currently playing football (n=22)

Acute hip/groin injury (n=17)

Withdrew consent during phone screen (n=12)

Concurrent injury (n=13)

Unable to commit time to be involved in study (n=11)

Outside age limits (n=10)

Outside of study catchment area (n=8)

Other diagnosed hip/groin condition (n=6)

Previous fracture / congenital disorder (n=3)

Pain <3 or > 8 NPRS (n=3)

Claustrophobic (n=1)

Football players with hip and/or groin pain included for
physical screening (n = 282)

Exel

Football players with hip and/or groin pain and +ive FADIR
test invited to participate in the study (n = 199)

uded on physical screening (n = 83)

-ve FADIR test (n=37)

+ve FADIR test (unable to committime to be involved in study (n=24))
+ve FADIR test (unable to contact (n=16))

Concurrent injury (n=4)

Not currently playing football (n=1)

Withdrew consent (n=1)

Football players with hip and/or groin pain and +ve FADIR test
(n=182)

> Excl

uded from study (n=17)

Did not complete imaging (n=10)

Kellgren & Lawrence grade >2 in both hips (n=3)

Kellgren & Lawrence grade 22 in hip with hip and/or groin pain and
+ve FADIR test (n=3)

Professional soccer player (n=1)

Fig. 1.
Flowchart of symptomatic participants.
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Football players without hip and/or groin pain who responded to study

advertisements or social media/participated in information sessions at soccer or

Australian football clubs (n = 147)

Did not complete
pre-screen survey
(n=37)

v

Football players without hip and/or groin pain screened for
participation in the study (n = 110)

Fig. 2.

Football players without hip and/or groin pain included for
physical screening (n = 81)

Excluded during phone/face to face/survey screen (n = 29)
Previous lower limb surgery (n=13)
Current lower limb/spinal injury (n=6)
Unable to contact (n=3)
Not currently playing football (n=2)
Outside of study area (n=2)
Previous hip/groin pain (n=1)
Did not provide additional personal information (n=1)
Withdrew consent (n=1)

Football players without hip and/or groin pain invited to
participate in the study (n = 60)

Excluded on physical screening (n = 21)
Met criteria but not screened prior to final recruitment of conrol cohort (n=14)
Unable to attend physical assessment (n=5)
+ve FADIR test (n=1)
Congenital disorder (n=1)

Football players without hip and/or groin pain
(n=55)

Flowchart of control participants.

Excluded from study (n = 5)
Did not complete imaging (n=4)
Did not complete patient reported outcome measures (n=1)
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Symptomatic Other

= 73%

-
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3
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Page 17

I3
%
3

40%

Control

a7%
7%
2% 3% 4%
-

Early hip OA features

' Cartilage defect (any) . Bone marrow edema . Labral tear

. Paralabral cyst

Cartilage defect (full) | Subchondral cyst Ligamentum teres tear Effusion-synovitis

Fig. 3. Prevalence of individual osteoarthritis (OA) featuresin symptomatic, other and control

hipsin football players.

Intra-articular loose bodies not included in figure due to low prevalence in symptom groups

(symptomatic 1 %, other and control hips feature absent)
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