Diagnostic criteria for early hip osteoarthritis; first steps, based on the CHECK study
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Abstract

Objectives: Although there is a general focus on early diagnosis and treatment of hip osteoarthritis,
there are no validated diagnostic criteria for early-stage hip OA. The current study aimed to take the
first steps in developing diagnostic criteria for early-stage hip OA, using factors obtained through
history taking, physical examination, radiography and blood testing at the first consultation in

individuals presenting with hip pain, suspicious for hip OA, in primary care.

Methods: Data of the 543 individuals with 735 symptomatic hips at baseline who had any follow-up
data available from the prospective CHECK cohort study were used. A group of 26 clinical experts
(GPs, Rheumatologists and Orthopedic surgeons) evaluated standardized clinical assessment forms of
all subjects on the presence of clinically relevant hip OA 5 to 10 years after baseline. Using the expert
based diagnoses as reference standard, a backward selection method was used to create predictive
models based on pre-defined baseline factors from history taking, physical examination, radiography

and blood testing.

Results: Prevalence of clinically relevant hip OA during follow-up was 22%. Created models contained
4 to 8 baseline factors (mainly WOMAC pain items, painful/restricted movements, and radiographic

features) and obtained area under the curve between 0.62 + 0.002 and 0.71 + 0.002.

Conclusion: Based on clinical and radiographic features of hip OA obtained at first consultation at a
GP for pain/stiffness of the hip, the prediction of clinically relevant hip OA within 5 to 10 years was

‘poor’ to ‘fair’.
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Key messages
e There is currently no accepted or validated reference standard for early-stage hip OA
e Early diagnosis could facilitate early treatment, and structural changes to the joint might still
be reversible.
e Questionnaires, physical examination, and radiography were limited in identifying subjects

who had clinically relevant hip OA within 5 to 10 years.
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Introduction

The lifetime risk for hip osteoarthritis (OA) has been estimated as one in four, with prevalence
increasing with age (1, 2). In theory, like knee OA, diagnosing hip OA earlier in the disease process
would allow for targeted treatment options with potential greater effectiveness, as joint damage is

not yet irreversible and pain has not become chronic (3, 4).

Traditionally, hip OA is diagnosed based on radiographic features, like the Kellgren and Lawrence
score (5). Altman and colleagues showed that the combination of radiographic and clinical features
best discriminated between patients with hip pain due to OA and those with hip pain due to other
causes (6). More recently, a focus on clinical features useful for the diagnosis of hip OA has emerged
(7-10), as most individuals with hip OA are treated in primary care where guidelines recommend
against the use of radiography for OA diagnosis (11, 12). Specific clinical signs and symptoms, like
limited range of motion (ROM), tenderness in the groin, and age over 60 years, predicted the
presence of radiographic hip OA in patients with hip pain aged =50 years and under treatment of a
general practitioner (GP) (8). In other studies among patients in primary care, ROM tests alone were

also proven to be diagnostic for the presence of radiographic features of hip OA (7, 9).

Unfortunately, these studies on the use of clinical signs and symptoms for diagnosing hip OA showed
lower specificity for diagnosing early or mild OA (8, 9). This is not surprising, as structural features of
hip OA (used reference standard in these studies) develop slowly over time and are generally seen as
manifestations of late-stage disease (13) and the known discordance between symptoms and
structural features on radiography (14). Therefore, there is currently no accepted or validated

reference standard for early-stage hip OA.

The current study used an expert based diagnosis of clinically relevant hip OA 5 to 10 years after the
first consultation in primary care with pain/stiffness of the hip as the reference standard (future
diagnosis). Next, using the expert based diagnosis as reference standard, we aimed to find possible

early-stage diagnostic criteria based on a set of clinical and radiographic factors obtained at first

120Z YoJel €0 uo Jasn AlisiaAlun a8y Ag £6017€19/1 | Lgeay/ABojojewnayl/ee0L 0L /10p/ajoile-aoueape/ABojojewnayl/wod dno-olwapese//:sdjy Wwolj papeojumod



consultation. As the set of predicting factors have been collected at first consultation and the
outcome was established 5 to 10 years later, the criteria should be seen as diagnostic criteria for

early-stage hip OA.

Methods

Cohort

For this study, 543 (out of 588) individuals from the CHECK cohort, with 735 symptomatic hips at
baseline, had follow-up data available. Characteristics of the CHECK cohort, a Nationwide Dutch
cohort of patients with hip complaints in primary care, have been described previously (15). Briefly,
individuals were eligible if they had pain or stiffness of the hip, were aged 45—65 years, and had no
prior consultation (when recruited via media campaign) or a first consultation with the general
practitioner for these symptoms no longer than 6 months before recruitment. Exclusion criteria
were: presence of any other clear pathological condition that could explain the existing complaints
(assessed through history taking and/or physical examination), co-morbidity that did not allow
physical evaluation or follow-up of at least 10 years, malignancy in the past 5 years, and inability to

understand the Dutch language. Patients were followed for 10 years at regular intervals.

Baseline measures

All subjects completed the pain and stiffness (Likert) scales of the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) questionnaire (not limb or joint specific)(16) and
additional questions on demographics, physical activity, comorbidities, smoking status, and alcohol
consumption. All hips were physically examined to evaluate the presence of pain at passive flexion,
internal rotation, external rotation, and abduction, passive range of motion (ROM) for flexion,
internal rotation, external rotation, and abduction, and body mass index (BMI) was determined (15).
Standardized weight-bearing anterior-posterior (AP) and faux profil (FP) oblique view radiographs
were centrally graded (matched read with T2, sequence known) for the presence of femoral

osteophytes (grades 0-3), for joint space narrowing (JSN) in the medial and superior aspects of the
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hip joint (grades 0-3), and Kellgren & Lawrence (KL) grading (grades 0-4)(5, 17). Statistical shape
models determined the presence of CAM morphology (Alpha angle >60°) and hip dysplasia (Wiberg
angle <25°) on each AP radiograph as previously described (18, 19). Finally, high-sensitive C-reactive

protein (hsCRP) was determined after a vena-puncture to establish systemic inflammation.

Follow-up measures

At 5, 8 and 10 years after baseline, the above procedure was repeated, and patients were
additionally questioned for the current presence of hip pain (left/right), subluxation, osteochondritis
dissecans, intra-articular fractures, bacterial arthritis, Perthes disease, plica syndrome, and Baker’s

cyst.

Expert diagnoses

A group of 24 experts was recruited; 13 general practitioners (GPs) and 11 secondary care physicians
(6 rheumatologists and 5 orthopedic surgeons). Before evaluation of the medical records, all experts
were queried on the number of years treating OA patients, number of OA patients treated per week,
and their personal assessment of the importance of radiography to diagnose OA (‘not important’,
‘little importance’, ‘some importance’, ‘very important’).

In the first phase, all experts individually evaluated the medical records for 40-50 CHECK participants;
of these, 7 records were evaluated by all experts. Software was developed in-house to optimally
present demographics and all follow-up measures for each individual. First, the clinical data
(questionnaires and physical examination) were presented to the experts. For each joint, the expert
then answered the question “Is clinically relevant OA present in this hip?” for each joint (y/n) and
provided a certainty of his/her diagnosis, ranging from 1 (‘definitely no clinically relevant OA’) to 100
(‘definitely clinical relevant OA’) into the software system. To solely rely on the expertise of the
involved experts, no formal definition of ‘clinically relevant OA’ was provided to the experts.

Next, the radiographic data for the individual were made available: KL grading and the scores for JSN

and osteophytes for each joint at each follow-up time point, but also the actual radiographs. Then
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the question on the diagnosis of OA and its certainty were repeated for each joint. At that time, the

clinical data and corresponding OA diagnoses were still available on a read-only basis.

After completion, the second phase assessed agreement within expert pairs; each pair had one GP
and one secondary care physician, except one with two GPs. All cases where the expert pair
disagreed on the diagnosis were re-evaluated, except those labelled ‘uncertain’; this pre-defined
label included all cases where experts disagreed, but both with certainty >30 and <70. Re-evaluation
comprised a consensus meeting by conference call (with online access to the data). The expert pair
followed the same procedure as before, but now with their individual diagnoses and certainty scores

made visible. Cases where consensus could still not be reached were also labelled as ‘uncertain’.

Statistics

Baseline factors were limited to predefined factors previously described as diagnostic or prognostic
for hip OA. These factors were checked for completeness and missing values were replaced through
multiple imputation (creating 50 data sets, as 62% of cases had incomplete data, but only six
variables had >10% of missing values). Next, categorical factors were dichotomized based on
literature and authors’ expertise. For WOMAC pain and morning stiffness items, absence of
pain/stiffness was defined by merging the ‘none’ and ‘slight’ categories. Presence of ‘restricted or
painful flexion’ was defined as maximal hip flexion <115 degrees and/or pain at hip flexion. Presence
of ‘restricted or painful internal rotation’ was defined as maximal hip internal rotation <15 degrees
and/or pain at hip internal rotation. Presence of ‘restricted or painful external rotation’ was defined
as maximal hip external rotation <15 degrees and/or pain at hip external rotation. Presence of
‘restricted or painful abduction” was defined as maximal hip abduction <10 degrees and/or pain at
hip abduction (6, 20). Osteophytes and JSN were defined presence in the presence of a grade >2
(equals ‘minimal’ or greater). Multicollinearity between factors (Variance Inflation Factor > 10) was

tested prior to the multivariable regression analyses but was not detected.
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To identify early-stage diagnostic factors for the presence of clinically relevant hip OA 5-10 years
later, models to predict the expert diagnosis as outcome were created in a stepped approach; first all
factors obtained from questionnaires and physical examination were used (model 1). Next, all
radiographic factors were added (model 2) and finally hsCRP (model 3). All models applied a
backward selection method (p > 0.1 for removal). To correct for repeated measures within subjects
due to possible bilateral complaints, Generalized Estimating Equations were used. For each model
area under the receiver-operating curve (AUC) was calculated and odds ratio plus 95% confidence
interval for each factor within the models was presented.

In sensitivity analyses, continuous measures for age, BMI, duration of complaints and hsCRP were
dichotomized. For age and duration of complaints, the upper tertile were compared to the lower two
tertiles. BMI was dichotomized using two different cut-offs: <25 vs. >25 kg/m? and <30 vs. 230 kg/m?.

hsCRP was dichotomized using <3 mg/L vs. >3 mg/L(21).

Results

For the 543 selected individuals, mean (SD) baseline age was 55.7 (5.2) years, BMI was 26.3 (4.1)
kg/m?, median duration of complaints was 20 months (interquartile range 26), and average WOMAC
pain and stiffness (0-100) scores were 27.5 (17.2) and 35.5 (21.0), respectively. Baseline prevalence
of the other selected factors, pooled after multiple imputation, are presented in Table 1. Mean

baseline concentration for hsCRP was 3.4 (7.9) mg/L.

The experts had 18 (10) years of experience treating OA patients and treated median 5 (interquartile
range 13) OA patients per week. Prior to evaluating the medical records, most experts deemed
radiographs important for the diagnosis (63% somewhat, 17% very important). The remainder (21%)
found radiographs to be of minor importance. Both hips of 7 individuals were evaluated by all 12
expert pairs (168 diagnoses). There was agreement between expert pairs in 79% of these diagnoses

(1CC 0.682; 95%Cl 0.375-0.887).

120Z YoJel €0 uo Jasn AlisiaAlun a8y Ag £6017€19/1 | Lgeay/ABojojewnayl/ee0L 0L /10p/ajoile-aoueape/ABojojewnayl/wod dno-olwapese//:sdjy Wwolj papeojumod



Figure 1 presents the consensus-based diagnosis for all 735 selected hip joints. Based on the clinical
plus radiographic assessment, 22% of all hips had clinically relevant OA and in 11% the final diagnosis
was uncertain. For optimal contrast, the cases diagnosed without clinically relevant hip OA were
compared to the cases diagnosed with clinically relevant hip OA, ignoring the uncertain cases. Several
clinical and radiographic baseline features were significantly associated with the diagnosis based on
the clinical assessment (Table 2) and that based on the clinical plus radiographic assessment by the
experts (Table 3). However, diagnostic accuracy of the models was modest. HsCRP did not end up in
any model. Categorizing the continuous variables in the sensitivity analyses did not materially affect

the models or their AUC (data not shown).

Discussion

The current study showed that, based on clinical and radiographic features of hip OA obtained at first
consultation at a GP for pain/stiffness of the hip, the prediction of clinically relevant hip OA within 5

to 10 years was ‘poor’ to ‘fair’.

The expert based diagnosis of clinically relevant hip OA, used as reference standard, forms both a
strength and a weakness of the current study. Given the slow development of structural features of
OA, the discordance between signs and symptoms, and the fluctuating nature of OA pain, having
clinical experts evaluating individual’s clinical course of signs, symptoms and radiographic features
over a 5-year period to establish a diagnosis of clinically relevant hip OA seemed the optimal method
to establish a reliable reference standard. With an average of 18 years of experience in treating hip
OA patients, the experts seemed well equipped to establish a reliable diagnosis. Of course, the lack

of an external validation of the expert based diagnoses is a limitation to the current study.

Despite the fact that 60% of CHECK participants had radiographic hip OA after 10 years of follow-up,
only 16% of CHECK participants fulfilled the clinical ACR criteria for hip OA at that time point (22).

Giving the fluctuating nature of OA pain it is not surprising the prevalence of clinically relevant hip OA
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during the 5 to 10 years period (22%) was a little higher than prevalence of the clinical ACR criteria at
10 years. Still, the prevalence of clinically relevant hip OA was remarkably lower than the prevalence
of radiographic hip OA. This adds to the existing knowledge, mainly coming from knee OA studies

(13, 23), that there is mismatch between clinical symptoms and radiographic features of hip OA (14).
Alternatively, one could argue that the experts might have under diagnosed the presence of clinically
relevant hip OA. However, if we also consider the ‘uncertain cases’ to be cases of hip OA, still the

prevalence will only be 33%, which remains lower than the prevalence of radiographic hip OA within

this cohort.

The obtained models did not perform as good as anticipated in separating individuals that developed
clinically relevant hip OA within 5 to 10 years from those who did not. Even though all previously
identified factors for relevant for diagnosing hip OA (e.g. ROM, duration of symptoms, pain
characteristics (7-9)) and factors predictive for hip OA development (e.g. BMI, female sex, morning
stiffness, painful/restricted ROM, dysplasia, CAM deformities (18, 19, 24, 25)) were incorporated in
the analyses. Similar methods did result in “fair’ to ‘good’ prediction of clinically relevant knee OA
(26). Possibly, incorporating the two-years’ course of hip symptoms after the first consultation into
the models can increase the discriminating abilities. Also, choosing stricter cut-of scores for the
predictive factors, e.g., <20 degrees to define the presence of dysplasia or 2severe pain for the
presence of pain, could improve the AUC values. However, this will lower the number of individuals
that will meet these criteria and hence limiting the clinical applicability. A recent systematic review
identified abductor weakness and pain when squatting as factor with potential diagnostic value (high

specificity, low sensitivity), which were not incorporated in the current study (10).

Previous studies did show that factors like limited ROM (either in a single plain or in multiple
planes)(7, 9) or a combination of factors from history taking and physical examination (8, 10) did
have acceptable to good diagnostic abilities for diagnosing hip OA. As indicated, all these factors

were incorporated in the current study, but only resulted in ‘poor’ to ‘fair’ diagnosis. Three factors
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likely contributed to this discrepancy: 1) the outcome measure/reference standard, 2) handling of
the predictors, and 3) the study design. Previous studies using clinical features to diagnose hip OA all
used radiographic features of hip OA as a reference standard (7-10). Apparently, it is easier to predict
the presence of radiographic features of hip OA based on clinical features than the presence of
clinically relevant hip OA, which will be strongly influenced by the presence of pain and functional
limitations. In contrast to some of the previous studies, predicting factors based on ROM were
dichotomized in the present study. Despite the potential loss of statistical power, the clinical
feasibility of a dichotomous factor was deemed of greater importance. Finally, the indicated studies
all had a cross-sectional design (7-9). In the present study, we intended to create criteria to diagnose
early-stage hip OA. As there is no validated reference standard for early-stage hip OA available, the
best available option is to relate potential diagnostic factors to a relevant outcome in the future.
Intuitively, a period of 5 to 10 years between the assessment of potential diagnostic factors and the
establishment of the reference standard will reduce the strength of their association compared to a

cross-sectional assessment of both factors.

From the presented models in Tables 2 and 3, it is notable that some associations were
counterintuitive. For example, the presence of pain at rest or superior JSN were associated with
reduced odds for having clinically relevant hip OA after 5 to 10 years. However, one must keep in
mind that these are factors within a multivariable model; the presented associations are only true
when adjusted for the other factors in the model. This is illustrated by the non-significant
associations of pain at rest, pain when walking and superior JSN with the presence of clinically

relevant hip OA when tested univariate (i.e. single factor models; data not shown).

In conclusion, features obtained through history taking, physical examination, radiography and blood
testing at the first consultation in individuals presenting with hip pain, suggestive for early-stage hip

OA, in primary care predicted the presence of clinically relevant hip OA within 5 to 10 years only

11
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marginally. Additional factors need to be identified to come to acceptable diagnostic criteria for

early-stage hip OA in primary care.

Funding
This work was supported by the Dutch Arthritis Society (Project ID 15-1-301).
Conflicts of interest

All authors declare no conflicts of interest.

Acknowledgements

We would like to acknowledge the CREDO experts group (N.E. Aerts-Lankhorst, R. Agricola, A.N.
Bastick, R.D.W. van Bentveld, P.J. van den Berg, J. Bijsterbosch, A. de Boer, M. Boers, A.M. Bohnen,
A.E.R.C.H. Boonen, P.K Bos, T.A.E.J. Boymans, H.P. Breedveldt-Boer, R.W. Brouwer, J.W. Colaris, J.
Damen, G. Elshout, P.J. Emans, W.T.M. Enthoven, E.J.M. Frolke, R. Glijsteen, H.J.C. van der Heide,
A.M. Huisman, R.D. van Ingen, M.L. Jacobs, R.P.A. Janssen, P.M. Kevenaar, M. Kloppenburg, M.A. van
Koningsbrugge, P. Krastman, N.O. Kuchuk, M.L.A. Landsmeer, W.F. Lems, H.M.J. van der Linden, R.
van Linschoten, E.A.M. Mabhler, B.L. van Meer, D.E. Meuffels, W.H. Noort-van der Laan, J.M. van
Ochten, J. van Oldenrijk, G.H.J. Pols, T.M. Piscaer, J.B.M. Rijkels-Otters, N. Riyazi, J.M.
Schellingerhout, H.J. Schers, B.W.V. Schouten, G.F. Snijders, W.E. van Spil, S.A.G. Stitzinger, J.J. Tolk,
Y.D.M. van Trier, M. Vis, V.M.l Voorbrood, B.C. de Vos, and A. de Vries) for evaluating the medical

files and their feedback on the manuscript.

Data Availability Statement

The data underlying this article will be shared on reasonable request to the corresponding author.

12

120Z YoJel €0 uo Jasn AlisiaAlun a8y Ag £6017€19/1 | Lgeay/ABojojewnayl/ee0L 0L /10p/ajoile-aoueape/ABojojewnayl/wod dno-olwapese//:sdjy Wwolj papeojumod



References

1. Murphy LB, Helmick CG, Schwartz TA, Renner JB, Tudor G, Koch GG, Dragomir AD, Kalsbeek
WD, Luta G, Jordan JM. One in four people may develop symptomatic hip osteoarthritis in his or her
lifetime. Osteoarthritis Cartilage. 2010 Nov;18(11):1372-9.

2. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, Fang F, Schwartz TA,
Nelson AE, Abbate LM, Callahan LF, Kalsbeek WD, Hochberg MC. Prevalence of hip symptoms and
radiographic and symptomatic hip osteoarthritis in African Americans and Caucasians: the Johnston
County Osteoarthritis Project. J Rheumatol. 2009 Apr;36(4):809-15.

3. Luyten FP, Bierma-Zeinstra S, Dell'Accio F, Kraus VB, Nakata K, Sekiya I, Arden NK, Lohmander
LS. Toward classification criteria for early osteoarthritis of the knee. Semin Arthritis Rheum. 2018
Feb;47(4):457-63.

4. Roos EM, Arden NK. Strategies for the prevention of knee osteoarthritis. Nat Rev Rheumatol.
2016 Feb;12(2):92-101.

5. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 1957
Dec;16(4):494-502.

6. Altman R, Alarcon G, Appelrouth D, Bloch D, Borenstein D, Brandt K, Brown C, Cooke TD,
Daniel W, Feldman D, et al. The American College of Rheumatology criteria for the classification and
reporting of osteoarthritis of the hip. Arthritis Rheum. 1991 May;34(5):505-14.

7. Holla JF, van der Leeden M, Roorda LD, Bierma-Zeinstra SM, Damen J, Dekker J, Steultjens
MP. Diagnostic accuracy of range of motion measurements in early symptomatic hip and/or knee
osteoarthritis. Arthritis Care Res (Hoboken). 2012 Jan;64(1):59-65.

8. Bierma-Zeinstra SM, Oster JD, Bernsen RM, Verhaar JA, Ginai AZ, Bohnen AM. Joint space
narrowing and relationship with symptoms and signs in adults consulting for hip pain in primary care.
J Rheumatol. 2002 Aug;29(8):1713-8.

9. Birrell F, Croft P, Cooper C, Hosie G, Macfarlane G, Silman A, Group PCRHS. Predicting
radiographic hip osteoarthritis from range of movement. Rheumatology (Oxford). 2001
May;40(5):506-12.

10. Metcalfe D, Perry DC, Claireaux HA, Simel DL, Zogg CK, Costa ML. Does This Patient Have Hip
Osteoarthritis?: The Rational Clinical Examination Systematic Review. JAMA. 2019 Dec
17;322(23):2323-33.

11. National Clinical Guideline C. 2014/10/24 ed2014.

12. McKenzie S, Torkington A. Osteoarthritis - management options in general practice. Aust Fam
Physician. 2010 Sep;39(9):622-5.

13. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet. 2019 Apr 27;393(10182):1745-59.

14. Kim C, Nevitt MC, Niu J, Clancy MM, Lane NE, Link TM, Vlad S, Tolstykh I, Jungmann PM,
Felson DT, Guermazi A. Association of hip pain with radiographic evidence of hip osteoarthritis:
diagnostic test study. BMJ. 2015 Dec 2;351:h5983.

15. Wesseling J, Boers M, Viergever MA, Hilberdink WK, Lafeber FP, Dekker J, Bijlsma JW. Cohort
Profile: Cohort Hip and Cohort Knee (CHECK) study. Int J Epidemiol. 2016 Feb;45(1):36-44.

16. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC:
a health status instrument for measuring clinically important patient relevant outcomes to
antirheumatic drug therapy in patients with osteoarthritis of the hip or knee. J Rheumatol. 1988
Dec;15(12):1833-40.

17. Macri EM, Runhaar J, Damen J, Oei EH, Bierma-Zeinstra MA. Kellgren & Lawrence grading in
cohort studies: methodological update and implications illustrated using data from the CHECK
cohort. Arthritis Care Res (Hoboken). Provisionally accepted

18. Agricola R, Heijboer MP, Roze RH, Reijman M, Bierma-Zeinstra SM, Verhaar JA, Weinans H,
Waarsing JH. Pincer deformity does not lead to osteoarthritis of the hip whereas acetabular dysplasia
does: acetabular coverage and development of osteoarthritis in a nationwide prospective cohort
study (CHECK). Osteoarthritis Cartilage. 2013 Oct;21(10):1514-21.

13

120Z YoJel €0 uo Jasn AlisiaAlun a8y Ag £6017€19/1 | Lgeay/ABojojewnayl/ee0L 0L /10p/ajoile-aoueape/ABojojewnayl/wod dno-olwapese//:sdjy Wwolj papeojumod



19. Agricola R, Heijboer MP, Bierma-Zeinstra SM, Verhaar JA, Weinans H, Waarsing JH. Cam
impingement causes osteoarthritis of the hip: a nationwide prospective cohort study (CHECK). Ann
Rheum Dis. 2013 Jun;72(6):918-23.

20. Cibulka MT, White DM, Woehrle J, Harris-Hayes M, Enseki K, Fagerson TL, Slover J, Godges JJ.
Hip pain and mobility deficits--hip osteoarthritis: clinical practice guidelines linked to the
international classification of functioning, disability, and health from the orthopaedic section of the
American Physical Therapy Association. J Orthop Sports Phys Ther. 2009 Apr;39(4):A1-25.

21. Sanchez-Ramirez DC, van der Leeden M, van der Esch M, Roorda LD, Verschueren S, van
Dieen JH, Dekker J, Lems WF. Elevated C-reactive protein is associated with lower increase in knee
muscle strength in patients with knee osteoarthritis: a 2-year follow-up study in the Amsterdam
Osteoarthritis (AMS-OA) cohort. Arthritis Res Ther. 2014 Jun 13;16(3):R123.

22. Schiphof D, Runhaar J, Waarsing JH, van Spil WE, van Middelkoop M, Bierma-Zeinstra SMA.
The clinical and radiographic course of early knee and hip osteoarthritis over 10 years in CHECK
(Cohort Hip and Cohort Knee). Osteoarthritis Cartilage. 2019 Jun 13.

23. Neogi T, Felson D, Niu J, Nevitt M, Lewis CE, Aliabadi P, Sack B, Torner J, Bradley L, Zhang Y.
Association between radiographic features of knee osteoarthritis and pain: results from two cohort
studies. BMJ. 2009 Aug 21;339:b2844.

24, Damen J, van Rijn RM, Emans PJ, Hilberdink W, Wesseling J, Oei EHG, Bierma-Zeinstra SMA.
Prevalence and development of hip and knee osteoarthritis according to American College of
Rheumatology criteria in the CHECK cohort. Arthritis Res Ther. 2019 Jan 5;21(1):4.

25. Saberi Hosnijeh F, Kavousi M, Boer CG, Uitterlinden AG, Hofman A, Reijman M, Oei EHG,
Bierma-Zeinstra SM, van Meurs JBJ. Development of a prediction model for future risk of
radiographic hip osteoarthritis. Osteoarthritis Cartilage. 2018 Apr;26(4):540-6.

26. Runhaar J, Kloppenburg M, Boers M, Bijlsma JW, Bierma-Zeinstra MA. Towards developing
diagnostic criteria for early knee osteoarthritis; data from the CHECK study. Rheumatology (Oxford).
2020;keaab43.

14

120Z YoJel €0 uo Jasn AlisiaAlun a8y Ag £6017€19/1 | Lgeay/ABojojewnayl/ee0L 0L /10p/ajoile-aoueape/ABojojewnayl/wod dno-olwapese//:sdjy Wwolj papeojumod



Figure legend

Figure 1. Percentages for expert diagnoses based on clinical data (upper row), on clinical and
radiographic data (middle row), and summed (bottom row). Blue bars represent hips without OA,

yellow bars represent hips with an uncertain diagnosis, and red bars represent hips with OA.
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Table 1. Baseline pooled prevalence for selected factors, presented as percentage of hips with the

factor out of 735 hips.

Pooled prevalence (%)

Questionnaire and physical examination items

Sex (Female) 81%
Bilateral pain 52%
Painful/restricted flexion? 68%
Painful/restricted internal 49%
rotation®

Painful/restricted external 37%
rotation®

Painful/restricted abduction® 44%
WOMAC pain®

walking 20%
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standing 23%

stairs 44%
night 38%
rest 32%
WOMAC stiffness®

morning stiffness 50%

Radiography items

Femoral osteophytes’ 14%
Medial JSN' 8%
Superior JSNf 4%
CAM morphology?® 11%
Dysplasia” 7%

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index. JSN: joint space
narrowing. ? defined as maximal hip flexion <115 degrees or pain at hip flexion. ® maximal hip internal
rotation <15 degrees or pain at hip internal rotation. ¢ maximal hip external rotation <15 degrees or
pain at hip external rotation. ¢ maximal hip abduction <10 degrees or pain at hip abduction. ©
presence defined as >moderate pain/stiffness. f presence defined as >’minimal’. & presence defined
as Alpha angle >60°. " presence defined as Wiberg angle <25°.

Table 2. Obtained models for developing clinically relevant hip OA after 5 to 10 years based on the

evaluation of clinical data only.

Odds ratio 95% confidence interval

Questionnaire and physical examination items

WOMAC pain —walking 0.57 0.33-0.98
WOMAC pain —climbing stairs 2.44 1.57-3.80
WOMAC pain — night 2.23 1.36-3.65
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WOMAC pain —rest 0.58 0.35-0.98

Painful/restricted flexion 1.73 1.12-2.68
Painful/restricted abduction 1.72 1.14-2.60
Pooled AUC (+ pooled SD) 0.698 + 0.007

Questionnaire, physical examination and radiographic items

WOMAC pain —walking 0.62 0.36-1.07
WOMAC pain —climbing stairs 2.43 1.55-3.80
WOMAC pain — night 2.24 1.37-3.65
WOMAC pain —rest 0.56 0.33-0.94
Painful/restricted flexion 1.76 1.13-2.74
Painful/restricted abduction 1.81 1.19-2.74
Femoral osteophytes 1.70 1.03-2.80
JSN superior 0.29 0.09-0.94
Pooled AUC (+ pooled SD) 0.714 +0.007

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index. JSN: joint space
narrowing. AUC: Area under the curve. SD: standard deviation.

Table 3. Obtained models for developing clinically relevant hip OA after 5 to 10 years based on the

evaluation of clinical and radiographic data.

Odds ratio 95% confidence interval

Questionnaire and physical examination items

WOMAC pain —standing 1.63 0.98-2.72
WOMAC pain —night 1.56 0.97-2.50
WOMAC pain —rest 0.59 0.35-1.01
Painful/restricted flexion 1.79 1.11-2.88
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Age 1.03 1.00-1.07
Bilateral complaints 0.64 0.41-0.98

Pooled AUC (+ pooled SD) 0.620 #+ 0.002

Questionnaire, physical examination and radiographic items

Painful/restricted flexion 1.70 1.04-2.77
Painful/restricted internal rotation 1.38 0.94-2.03
Bilateral complaints 0.66 0.43-1.01
Femoral osteophytes 2.20 1.50-3.22
Pooled AUC (+ pooled SD) 0.626 +0.010

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index. JSN: joint space
narrowing. AUC: Area under the curve. SD: standard deviation.
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