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Original article

Towards developing diagnostic criteria for early
knee osteoarthritis: data from the CHECK study

J. Runhaar1, M. Kloppenburg2, M. Boers3, J. W. J. Bijlsma4 and
S. M. A. Bierma-Zeinstra1,5; and the CREDO expert group

Abstract

Objectives. There is a general consensus that a shift in focus towards early diagnosis and treatment of knee OA

is warranted. However, there are no validated and widely accepted diagnostic criteria for early knee OA available.

The current study aimed to take the first steps towards developing diagnostic criteria for early knee OA.

Methods. Data of 761 individuals with 1185 symptomatic knees at baseline were selected from the CHECK study.

For CHECK, individuals with pain/stiffness of the knee, aged 45–65 years, who had no prior consultation or a first

consultation with the general practitioner for these symptoms in the past 6 months were recruited and followed for

10 years. A group of 36 experts (17 general practitioners and 19 secondary care physicians) evaluated the medical

records in pairs to diagnose the presence of clinically relevant knee OA 5–10 years after enrolment. A backward se-

lection methods was used to create predictive models based on pre-defined baseline factors from history taking,

physical examination, radiography and blood testing, using the experts’ diagnoses as gold standard outcome.

Results. Prevalence of clinically relevant knee OA during follow-up was 37%. Created models contained 7–11

baseline factors and obtained an area under the curve between 0.746 (0.002) and 0.764 (0.002).

Conclusion. The obtained diagnostic models for early knee OA had ‘fair’ predictive ability in individuals presenting

with knee pain in primary care. Further modelling and validation of the identified predictive factors is required to

obtain clinically feasible and relevant diagnostic criteria for early knee OA.
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Introduction

Despite the high prevalence of knee OA and its burden

to patients and healthcare, the diagnosis of knee OA is

not straightforward. In 1986, Altman and colleagues

developed the so-called ACR criteria for knee OA [1].

Although the ACR criteria were originally presented as

classification criteria, they were soon also used as diag-

nostic outcome criteria in OA research. The ACR criteria

include case criterion sets based on clinical features

(‘clinical ACR criteria’) only and based on clinical fea-

tures combined with radiography (‘clinical þ radiograph-

ic ACR criteria’) or lab testing (‘clinical þ laboratory ACR

criteria’). These ACR criteria were validated among knee

pain patients in secondary care and modelled to distin-

guish OA from inflammatory arthritis (mainly RA) [2].

Accepted definitions for knee OA based on structural

features, like Kellgren and Lawrence (KL) criteria [3] or

OARSI scores [4], represent late-stage disease as struc-

tural features develop slowly over time [5, 6].
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Patients with symptoms of knee OA will mainly be

treated in primary care. However, for the clinical diagno-

sis of established knee OA little guidance is available. It

was shown that the clinical ACR criteria, although as-

sessable in primary care, had no prognostic value for

predicting persisting knee complaints or an increase of

disability at 1 year of follow-up in patients with non-

traumatic knee complaints in primary care [7], did not

predict unfavourable outcome after 6 years of follow-up

[8] and seemed to be indicative for late stage disease

[9]. EULAR released evidence-based recommendations

for the diagnosis of knee OA in 2009 that included three

recommended symptoms (persistent knee pain, limited

morning stiffness and reduced function) and three signs

(crepitus, restricted movement and bony enlargement)

that ‘appeared to be most useful’ for the clinical diagno-

sis of knee OA [2]. Also the National Institute for Health

and Care Excellence (NICE) published diagnostic

criteria for the clinical diagnosis of knee OA (age �45,

activity-related joint pain and morning joint-related stiff-

ness �30 min) [10].

With a lack of treatment options that can cure OA,

there is general consensus that a shift in focus towards

early diagnosis and treatment is warranted [11–13]. By

identifying OA patients early in the disease, treatment

can potentially start prior to the occurrence of irrevers-

ible joint damage, before pain becomes chronic and

triggers sensitization of the central nervous system, and

before severe decline in physical functioning has

occurred [11–13]. In theory, in the early phase of OA,

treatment options are applied when the disease is more

amenable to modification [13]. As of today, there are no

validated and widely accepted criteria for early knee OA

available. Like for established OA (in primary care), val-

idation of diagnostic criteria for early OA is challenging

with the lack of a gold standard [2].

One way to overcome the lack of a gold standard in a

research setting is to obtain a clinical expert based

diagnosis to identify clinically relevant cases of knee

OA. The first aim of the current study was to obtain a

clinical expert based diagnosis of clinically relevant knee

OA development 5–10 years after first presentation, in

patients aged 45–65 years who consulted their general

practitioner (GP) for knee complaints. Next, using the

clinical expert based diagnosis as gold standard, we

aimed to develop diagnostic criteria for early knee OA

based on a set of pre-defined clinical and radiographic

factors obtained at first consultation. As the set of pre-

dicting factors have been collected at first consultation,

these should be seen as early diagnostic criteria.

Methods

Cohort

Individuals were eligible for the Cohort Hip and Cohort

Knee (CHECK) cohort if they had pain or stiffness of the

knee, were aged 45–65 years, and had no prior consult-

ation (recruited via media campaign) or a first

consultation with the GP for these symptoms no longer

than 6 months before recruitment. Exclusion criteria

were: presence of a clear pathological condition

(assessed through history taking and/or physical exam-

ination) other than OA that could explain the existing

complaints (e.g. other rheumatic disease, previous hip

or knee joint replacement, congenital dysplasia, osteo-

chondritis dissecans, intra-articular fractures, septic

arthritis, Perthes’ disease, ligament or meniscus dam-

age, plica syndrome, Baker’s cyst), comorbidity that did

not allow physical evaluation and/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 (see Wesseling et al. for

details [14]). The CHECK study has been approved by

the Medical Ethics Committee of the University Medical

Center Utrecht (02/017-E) and all patients provided

informed consent prior to data collection. For the pre-

sent study, data of the 761 individuals with 1185 symp-

tomatic knees at baseline who had any follow-up data

available were selected from the CHECK cohort. At

baseline there were 832 individuals with knee symptoms

included in the CHECK cohort.

Baseline measures

At baseline, all knees were physically examined to

evaluate range of motion and the presence of pain on

flexion and on extension, warmth, crepitus (during

squatting), bony swelling at the joint margins, joint line

tenderness, patellofemoral (PF) grinding (presence of

pain upon isometric contractions of the m. quadriceps

while pressure is put onto the knee cap), effusion (refill

test), Heberden and/or Bouchard nodes, and BMI were

determined. All subjects completed one Western Ontario

and McMaster Universities OA Index (WOMAC) ques-

tionnaire (not limb or joint specific) [15] and additional

demographical questions to determine symptomatic

joints (left/right knee or both), age, sex, ethnicity, meno-

pausal status (women only), marital status, education

level, chronic conditions, employment status, (former)

occupation, number of days with �30 min of physical

activity, smoking status and alcohol consumption.

Standardized posterior–anterior (PA) and lateral radio-

graphs were centrally read for the presence of medial

and lateral osteophytes (0–3 scales) on the femur, tibia

and patella, for joint space narrowing (JSN) in the med-

ial, lateral and patellofemoral compartments (0–3

scales), and for KL grading (0–4 scale) [3]. With the

Knee Images Digital Analysis (KIDA) [16], medial knee

alignment angles were determined on the PA radio-

graphs. Blood testing included high-sensitive CRP

(hsCRP).

Follow-up measures

At 5, 8 and 10 years after baseline, the above procedure

was repeated, and patients were also questioned for the

occurrence of osteochondritis dissecans, intra-articular

Diagnostic criteria for early knee OA
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fractures, bacterial arthritis, ligament or meniscal

trauma, plica syndrome, and Baker’s cyst.

Expert diagnosis

A group of 36 experts was recruited: 17 GPs and 19

secondary care physicians (nine rheumatologists, eight

orthopaedic surgeons and two sport physicians). For all

experts, number of years treating OA patients, number

of OA patients treated per week and subjective import-

ance of radiography for diagnosing OA (‘not important’,

‘little importance’, ‘some importance’, ‘very important’)

were obtained prior to medical record evaluation.

All experts independently evaluated the medical

records for 40–50 CHECK participants; of these, seven

were evaluated by all experts. Pairs of experts read the

same records: 17 pairs comprised a GP and a second-

ary care physician, and one pair comprised two second-

ary care physicians. Medical records presented patients’

demographics and all follow-up measures, with in-house

developed software to obtain optimal representation of

the data. First, each expert was presented with all clinic-

al data from the questionnaires and physical examin-

ation for one individual. The expert was asked to answer

the question ‘Is there clinically relevant knee OA present

in this knee?’ for each joint (Y/N) and to provide a cer-

tainty of the diagnosis, ranging from 1 (‘definitely no

clinically relevant OA is present’) to 100 (‘definitely clin-

ically relevant OA is present’), into the software system.

No formal definition of clinically relevant knee OA was

provided to the experts; they were instructed to use

their own clinical expertise to judge this.

As WOMAC scores are lower limb specific and not

knee specific, clinical data from physical examination of

the hips for the individual (e.g. pain upon flexion, ab-/ad-

duction, internal/external rotation, presence of morning

stiffness, and ROM in all directions) were available for

the expert. The software recorded access to these data.

After the experts had provided their diagnoses and

certainty scores, the radiographic data for the individual

were made available. Experts were provided with the KL

grading and the scores for JSN and osteophytes for

each joint at each follow-up time point. The actual radio-

graphs were also available for inspection. Then, the

experts were again asked ‘Is there clinically relevant OA

present in this knee?’ for each joint, and they had to

provide a new certainty score. In this phase, the clinical

data were still available to the expert on a read-only

basis.

After completion, agreement on diagnosis and its cer-

tainty was assessed within each expert pair. All cases

where experts disagreed on the diagnosis were

re-evaluated, except those labelled ‘uncertain’: pre-

defined, experts disagreeing on the presence of clinical-

ly relevant OA, but both scoring the certainty >30 and

<70. In an online consensus meeting each expert pair

re-evaluated the disagreed cases. They followed the

same procedure as before, but now diagnoses and cer-

tainty scores from both experts were presented. Cases

where still no consensus could be reached were also

labelled as ‘uncertain’.

Statistics

Baseline factors were limited to predefined factors

described in literature as diagnostic or prognostic for

knee OA. Factors were checked for completeness and

multiple imputation replaced missing values (creating 50

data sets, as 42% of cases had incomplete data, but

only two variables had >10% of missing values). Next,

categorical factors were dichotomized based on litera-

ture and authors’ expertise. For the selected separate

WOMAC pain, function and morning stiffness questions,

absence of pain/functional limitations/stiffness was

defined by merging the ‘none’ and ‘slight’ categories.

Presence of ‘restricted or painful extension’ was defined

as an extension deficit �1 degree or pain at knee exten-

sion. Presence of ‘restricted or painful flexion’ was

defined as maximal knee flexion �115 degrees or pain

at knee flexion. Osteophytes and JSN were defined as a

grade �2 (equals �‘minimal’). Varus malalignment was

defined as medial knee angle <2 degrees and valgus as

>0 degrees [17].

To identify early diagnostic factors for the presence of

clinically relevant knee OA 5–10 years later, predictive

models (using the expert diagnoses as outcome) were

created with 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). For all

models a backward selection method (P> 0.1 for re-

moval) was used. To correct for correlated measures

within subjects due to possible bilateral complaints,

generalized estimating equations were used. For each

model, area under the receiver operator curve (AUC)

was calculated and odds ratios plus 95% CIs for each

factor within the models were presented.

In sensitivity analyses, first continuous measures for

age, BMI, duration of complaints and hsCRP were

dichotomized. For age and duration of complaints, the

upper tertile was compared with the lower two tertiles.

BMI was dichotomized at two different cut-offs; <25 vs

�25 kg/m2 and <30 vs �30 kg/m2. hsCRP was dicho-

tomized at �3 mg/l vs >3 mg/l [18]. Second, to evaluate

the potential of overestimation of the obtained models,

AUC values for the final models were calculated after

excluding all knees with mild to moderate radiographic

knee OA (KL grade �2) at baseline, as obtained by sin-

gle reading of baseline radiographs, blinded for clinical

data [14].

Results

Seventy-nine per cent of the 761 selected individuals

were female, baseline age was mean (S.D.) 56 (5) years,

BMI was 26.3 (4.2) kg/m2, median duration of com-

plaints was 11.8 months (interquartile range 25.5 months)

and average WOMAC pain and function (0–100) scores

J. Runhaar et al.
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were 25.7 (17.3) and 24.4 (17.1), respectively. Fifty-six

per cent of individuals had bilateral pain. Baseline preva-

lence of the other selected factors, pooled after multiple

imputation, are presented in Table 1. Mean baseline

concentration for hsCRP was 3.2 (7.7) mg/l.

The experts had 14 (8) years of experience treating

OA patients and treated five OA patients (median, inter-

quartile range 2–20) per week. Prior to evaluating the

medical records, 11% of the experts deemed

radiographs ‘not important’ for OA diagnoses, 22% of

‘little importance’, 36% ‘some importance’ and 31%

‘very important’. Both knees of seven individuals were

evaluated by all 18 expert pairs (252 diagnoses). There

was agreement between expert pairs in 74% of these

diagnoses (intraclass correlation coefficient 0.908; 95%

CI: 0.821, 0.965).

Figure 1 presents the consensus-based diagnoses for

all 1185 selected knee joints. Finally, in 37% of all

knees, clinically relevant OA had developed, based on

the expert diagnoses. In 18% of the knees, the final

diagnosis was uncertain. For optimal contrast, first the

cases diagnosed without clinically relevant knee OA

were compared with the cases diagnosed with clinically

relevant knee OA, ignoring all uncertain cases. First, the

diagnoses obtained after experts’ evaluations of the clin-

ical data only were used as outcome. Next, the diagno-

ses obtained after experts’ evaluations of the clinical þ
radiographic data were used as outcome. Baseline fac-

tors ending up in the final models are presented in

Tables 2 and 3. As hsCRP did not end up in any model

when the diagnoses obtained after experts’ evaluations

of the clinical þ radiographic data were used as out-

come, only models based on clinical factors (model 1)

and on clinical þ radiographic factors (model 2) are pre-

sented in Table 3. Categorizing the continuous variables

in the sensitivity analyses resulted in minor changes in

the predictive abilities, with AUCs ranging from 0.735 to

0.743 for model 1 and 0.744 to 0.752 for models 2 and

3. Excluding knees with radiographic knee OA at base-

line did not affect the AUCs of the obtained models (see

Supplementary Table S1, available at Rheumatology

online).

To evaluate the contribution of individual factors, the

backward selection method for the obtained models (as

presented in Tables 2 and 3) was continued by remov-

ing the least significant factor step by step. After each

removal, AUC was calculated and presented in

Supplementary Figs S1–S4, available at Rheumatology

online.

When incorporating the uncertain cases into the anal-

yses, once as incident OA cases and once as cases of

no OA, predicting ability of the obtained models

TABLE 1 Baseline pooled prevalence, presented as per-

centage of knees with the factor out of 1185 knees

Pooled prevalence (%)

Questionnaire and physical examination items

Sex (female) 80
Bilateral pain 72
Heberden/Bouchard nodes 52

Joint line tenderness 45
Bony swelling 4

Warmth 4
Effusion 7
Crepitus 45

PF grinding 31
Painful/restricted extensiona 51

Painful/restricted flexionb 30
WOMAC functionc

Descending 30

Ascending 41
Rising 37

Standing 19
Walking 14
Sitting 15

WOMAC paind

Walking 17

Standing 21
Stairs 48
Night 32

Rest 26
WOMAC stiffnesse

Morning stiffness 50

Radiography items
Medial TF osteophytesf 11

Lateral TF osteophytesf 16
Medial JSNf 6
Lateral JSNf 1

Varus malalignmentg 41
Valgus malalignmenth 12

PF osteophytesf 11
PF JSNf 3

aPresence defined as extension deficit �1 degree or pain
at knee extension. bPresence defined as flexion deficit

�1 degree or pain at knee flexion. cPresence defined as
�moderate difficulties. dPresence defined as �moderate
pain. ePresence defined as �moderate stiffness. fPresence

defined as �‘minimal’. gPresence defined as medial knee
angle <2 degrees. hPresence defined as medial knee angle

>0 degrees. JSN: joint space narrowing; PF: patellofemoral;
TF: tibiofemoral; WOMAC: Western Ontario and McMaster
Universities Osteoarthritis Index.

FIG. 1 Percentages for expert diagnoses

Expert diagnoses are based on clinical data (upper row),

on clinical and radiographic data (middle row) and

summed (bottom row). Blue bars represent knees with-

out OA, yellow bars represent knees with an uncertain

diagnosis and red bars represent knees with OA.

Diagnostic criteria for early knee OA
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presented in Tables 2 and 3 was only slightly reduced

with AUCs ranging from 0.725 to 0.764, corresponding

to 1.6–6.0% lower AUCs (Supplementary Table S2,

available at Rheumatology online).

Discussion

Based on an extensive set of baseline factors that are

thought to be related to knee OA development, the

obtained models had a ‘fair’ distinction between cases

with and without clinically relevant knee OA. As the

follow-up time between baseline and the evaluation of

incident knee OA was 5–10 years, the models should be

interpreted as diagnostic for early stage knee OA,

among middle-aged subjects who first present with

knee symptoms suggestive for early stage knee OA in

primary care. Our purpose was to develop diagnostic

criteria, not to improve on classification criteria. ACR

(and other) classification criteria are intended for use in

research, where, after initial selection of patients based

on clinical diagnosis, a homogeneous subset can

be selected through application of the criteria.

Classification criteria are not the gold standard for

clinical diagnosis and should not be used for diagnostic

purposes (although this is frequently done).

The obtained models had AUC ranging from 0.75 to

0.76, depending on the set of baseline factors and the

data available to the experts when obtaining their diag-

noses. Predictive ability of the obtained models mainly

relied on factors from history taking and physical exam-

ination (AUC 0.75), with factors from radiography and

hsCRP not adding much more (AUC ranging from 0.75

to 0.76). This is confirmed in the presented

Supplementary Figures, available at Rheumatology on-

line, where radiographic factors and hsCRP were among

the first factors to be removed (weakest association with

the outcome), without large reductions in AUC. This

highlights the importance of history taking and

physical examination in early diagnosis of knee

TABLE 2 Final models for developing clinically relevant knee OA based on the evaluation of clinical data only

Item Value

Questionnaire and physical examination items at baseline

Odds ratio (95% CI)
WOMAC pain—stairs 1.99 (1.36, 2.92)
WOMAC pain—night 1.52 (1.06, 2.20)

WOMAC function—rising 1.61 (1.08, 2.39)
Sex (female) 1.87 (1.20, 2.92)

Joint line tenderness 2.36 (1.73, 3.22)
Effusion 1.86 (1.09, 3.16)
BMI 1.07 (1.03, 1.12)

Pooled AUC (pooled S.D.) 0.746 (0.002)
Questionnaire, physical examination and radiographic items at baseline

Odds ratio (95% CI)
WOMAC pain—stairs 1.98 (1.34, 2.90)
WOMAC pain—night 1.53 (1.06, 2.20)

WOMAC function—rising 1.58 (1.06, 2.35)
Sex (female) 1.81 (1.16, 2.83)

Joint line tenderness 2.29 (1.68, 3.13)
Effusion 1.85 (1.09, 3.15 )
BMI 1.07 (1.03, 1.12)

Crepitus 1.32 (0.96, 1.81)
Lateral JSN 5.32 (1.14, 24.88)

Pooled AUC (pooled S.D.) 0.749 (0.002)

Questionnaire, physical examination and radiographic items and hsCRP at baseline
Odds ratio (95% CI)

WOMAC pain—stairs 2.05 (1.39, 3.03)
WOMAC pain—night 1.55 (1.07, 2.24)
WOMAC function—rising 1.67 (1.11, 2.49)

Sex (female) 1.90 (1.22, 2.97)
Joint line tenderness 2.43 (1.78, 3.32)

Effusion 1.84 (1.08, 3.13)
BMI 1.08 (1.03, 1.13)
Lateral JSN 4.66 (1.01, 21.65)

hsCRP 0.95 (0.90, 0.99)
Pooled AUC (pooled S.D.) 0.756 (0.002)

AUC: Area under the curve; hsCRP: high-sensitive CRP; JSN: joint space narrowing; PF: patellofemoral; WOMAC: Western
Ontario and McMaster Universities OA Index.
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OA. Unfortunately, physical examinations can be

observer-dependent, so detailed descriptions of the

examinations will be required when implementing cur-

rent diagnostic models.

In many studies, incident knee OA is defined using ei-

ther radiographic features (e.g. incident KL grade �2) or

criteria based on symptoms (e.g. clinical/combined ACR

criteria). Incidence of radiographic knee OA in the

selected CHECK knees was 53%. This is somewhat

higher than the 37% of clinically relevant cases diag-

nosed by the experts. However, as the results in

Supplementary Table S2 (available at Rheumatology on-

line) suggest, the ‘uncertain cases’ (18%) were more

likely to be OA cases than non-OA cases, and the inci-

dence rates for radiographic knee OA and the expert

based diagnoses were both around 50% after 10 years.

Nevertheless, overlap between incident radiographic

knee OA and the expert based diagnoses (when consid-

ering ‘uncertain cases’ as OA cases) was only 59%,

with 18% already showing KL grade �2 at baseline.

Also at baseline, already 43% of knees fulfilled the clin-

ical ACR criteria in CHECK and incidence of the clinical

ACR criteria in those not fulfilling the criteria at baseline

was 21% after 10 years [19]. The number of patients ful-

filling the clinical ACR criteria strongly fluctuated over

time, with few patients fulfilling the criteria at multiple

time points [19], despite stable or progressing KL

scores. These numbers confirm the mismatch between

radiographic features of knee OA, available clinical crite-

ria and clinically relevant knee OA.

The current initiative resulted in different sets of

factors predictive for clinically relevant knee OA after

5–10 years, in individuals presenting with knee pain sug-

gestive for knee OA. However, essential next steps in-

clude truncating models to fewer items (now containing

7–11 factors) or transforming the models into a scoring

scheme, to become feasible in clinical practice, after

which sensitivity, specificity, and positive and negative

predictive values need to be reassessed. For the reduc-

tion of items and to increase the feasibility of the diag-

nostic models, one could consider, in analogy to the

ACR criteria, evaluating the predictive abilities of models

containing ‘x out of y factors’. Of course, all created

models need to be externally validated before a final

conclusion regarding the clinical relevance of the models

can be made. Also, evaluating the additive value of

other known risk factors for knee OA not assessed with-

in the CHECK study, such as occupational overload,

could be considered and the performance of the final

models needs to be compared with existing criteria to

assess their superiority.

One important factor not available within the CHECK

study was a history of knee joint injury. As knee trauma

has a strong link to knee OA development [6], this is a

TABLE 3 Final models for developing clinically relevant knee OA based on the evaluation of clinical and radiographic data

Item Value

Questionnaire and physical examination items at baseline

Odds ratio (95% CI)
WOMAC function—descending 1.69 (1.09, 2.61)
WOMAC function—rising 1.51 (0.98, 2.32)

WOMAC morning stiffness 1.59 (1.06, 2.37)
Sex (female) 1.79 (1.14, 2.82)

Joint line tenderness 1.68 (1.21, 2.33)
Effusion 4.17 (2.29, 7.59)
Crepitus 1.55 (1.11, 2.11)

Age 1.03 (1.00, 1.07)
BMI 1.12 (1.07, 1.17)

Pooled AUC (pooled S.D.) 0.752 (0.002)
Questionnaire, physical examination and radiographic items at baseline

Odds ratio (95% CI)

WOMAC function—descending 1.52 (0.96, 2.41)
WOMAC function—rising 1.55 (1.00, 2.40)

WOMAC morning stiffness 1.62 (1.08, 2.41)
Sex (female) 1.77 (1.14, 2.76)
Joint line tenderness 1.72 (1.23, 2.41)

Effusion 3.51 (1.93, 6.40)
Crepitus 1.43 (1.02, 2.02)
BMI 1.12 (1.06, 1.17)

Bony swelling 2.06 (0.88, 4.82)
Medial JSN 3.56 (1.56, 8.11)

PF JSN 3.37 (0.94, 12.10)
Pooled AUC (pooled S.D.) 0.764 (0.002)

AUC: area under the curve; JSN: joint space narrowing; PF: patellofemoral; WOMAC: Western Ontario and McMaster
Universities OA Index.
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limitation to the present study. The use of a clinical ex-

pert based diagnosis as gold standard could be seen as

a strength and as a limitation to the current study. The

expert based diagnosis should be seen as a strength as

it is deemed a highly clinically relevant outcome meas-

ure; it does not rely on structural features only (like KL

grading) and fluctuation in symptoms was also covered

by presenting the experts’ data over a 5-year interval.

On the other hand, this outcome measure might be

country specific, as only Dutch experts were involved,

and as it will not be available in other cohort studies, ex-

ternal validation of the current diagnostic criteria will be

challenging. Since the experts did not evaluate the med-

ical files of the participants for the first 5 years of follow-

up, we cannot rule out that some would already have

been diagnosed with clinically relevant knee OA at enrol-

ment. However, as population screening for early stage

knee OA is not a realistic option, the first moment to

diagnose early stage knee OA or clinically relevant knee

OA is at the first consultation in primary care for knee

complaints, which is exactly what was done in our co-

hort. Potential treatment options for those fulfilling the

presented set of criteria at their first consultation (edu-

cation, simple analgesics, and when applicable weight

loss and lifestyle changes) will be identical for individuals

with early stage knee OA and those with clinically rele-

vant knee OA. Finally, the CHECK cohort included

patients presenting not only with knee symptoms, but

also with concurrent hip symptoms, limiting the general-

izability. However, within the current study prediction

models were only run among symptomatic knee joints

and the experts also had access to the clinical hip data

to confirm the presence of hip symptoms within a per-

son. Noteworthy, also patients with clear pathologies

that could explain their symptoms at study enrolment

were excluded. Therefore, the obtained models will only

be applicable to middle-aged patients suspected of

(early stage) knee OA.

In conclusion, the current study created several diag-

nostic models for early knee OA with ‘fair’ predictive

ability in individuals presenting with knee pain, suggest-

ive for (early stage) knee OA, in primary care. As the

included population is the ideal population to undergo

early treatment, these criteria should be seen as a first

step in shifting the focus of the clinical treatment of

knee OA towards the early stage of the disease. Further

modelling and validation of the identified predictive fac-

tors is required to obtain clinically feasible and relevant

diagnostic criteria.
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