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Predictive value of MRI features for development of
radiographic osteoarthritis in a cohort of participants
with pre-radiographic knee osteoarthritis—the
CHECK study
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Abstract

Objective. To determine whether MRI features are associated with development of radiographic knee OA

and can be used as a predictive tool in early knee OA.

Methods. In 148 participants of the Cohort Hip and Cohort Knee study (mean age 56 years, 78% women),

with a Kellgren Lawrence (KL) score41, we obtained semi-quantitatively scored knee MRI scans and

radiographs at baseline. After 5 years, we determined the development of radiographic knee OA (KL52).

We calculated odds ratios (ORs), with 95% CIs adjusted for age, sex and BMI, to identify MRI features

associated with OA development. With these MRI features, we constructed an internally validated pre-

diction model, for which we measured the area under the receiver operating characteristics curve, sen-

sitivity and specificity.

Results. Radiographic OA developed in 28% of the participants after 5 years. Statistically significant

associations were: cartilage defects OR = 1.7 (95% CI: 1.1, 2.6), osteophytes OR = 3.1 (1.7, 5.7), bone

marrow lesions OR = 2.0 (1.2, 3.4), effusion OR = 2.1 (1.2, 3.5) and meniscal pathology OR = 2.8 (1.3, 6.3).

With the combined MRI features in a prediction model, the sensitivity was 66%, the specificity 67% and

the optimism-corrected area under the receiver operating characteristics curve 0.685.

Conclusion. In early knee OA, MRI depicts significantly associated pathology in cartilage, bone and

menisci, whereas the radiograph fails to detect these changes. Although MRI has potential for identifying

patients at risk for developing radiographic knee OA, it cannot be used as an absolute diagnostic tool in

early knee OA due to its low discriminative ability.
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Rheumatology key messages

. Single MRI features have insufficient discriminative power to be useful as predictors of knee OA.

. Combined MRI features in a prediction model add to the identification of early knee OA.
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Introduction

Knee OA is a complex and slowly developing disease

involving the entire joint [1]. During the development of

OA, several stages can be distinguished: a preclinical/mo-

lecular stage, a pre-radiographic stage, a radiographic

stage and an end stage [2]. The Kellgren and Lawrence

(KL) scoring system has been the classic method for

diagnosing and categorizing OA on radiographs. It com-

prises the presence of osteophytes (OSTs), joint space

narrowing sclerosis and bony deformities [3]. It is widely

accepted that radiographic OA is present with a KL score

of52 [4]. MRI has become popular as a more compre-

hensive method that is more sensitive than conventional

imaging to OA-related changes, including abnormalities in

cartilage, subchondral bone, menisci, ligaments and

synovia [5�7]. These abnormalities can already be seen

on MRI of patients with knee pain, but a KL score of41

[8]. It is still unknown which of the patients in this early,

pre-radiographic OA stage are at increased risk of pro-

gressing to definite OA. Earlier identification of patients

at risk of developing radiographic OA (KL52) might pro-

vide a window of opportunity for modifying the course of

this disease. OA-related features on MRI are therefore po-

tentially interesting as biomarkers in clinical trials aimed at

modifying disease. Earlier studies investigating these ima-

ging biomarkers often included patients in more advanced

stages of OA, or investigated only specific MRI features

and their association with development of OA [2, 9].

Therefore, the objective of this study was to determine

which structural abnormalities depicted on MRI in pre-

radiographic knee OA (KL score41) are associated with

development of definite radiographic OA, and whether

these MRI features can be used as predictors (single or

in combination) of radiographic knee OA. Related is the

question of whether MRI is potentially useful for diagnos-

ing early knee OA.

Methods

Study design and participants

We included participants of the Cohort Hip and Cohort

Knee study (CHECK), who were suspected of having

early symptomatic knee OA. The CHECK study is a longi-

tudinal prospective observational cohort of 1002 partici-

pants with pain and/or stiffness of a knee and/or hip,

recruited in 10 centres in the Netherlands in 2002�05.

The study population and selection have been described

previously in detail [10]. In short, inclusion criteria were

patients with pain and/or stiffness of the knee and/or

hip, age between 45 and 65 years, who had never, or

not >6 months ago, visited their general practitioner for

these symptoms for the first time. Exclusion criteria were

conditions other than OA explaining their existing com-

plaints, like rheumatic diseases and previous hip or knee

joint replacement. For the current study, participants with

knee complaints and a KL score of 41 at baseline were

asked to enter this substudy. When the participant had

knee pain on both sides, the knee causing the patient

most difficulty was designated the signal knee and used

in this study. MRI scans of each participant’s most af-

fected knee was acquired. These CHECK participants

were selected in three centres (Leiden University

Medical Center, University Medical Center Utrecht and

Medical Spectrum Twente). The Medical Ethics

Committees of all participating centres approved this

study, and all participants gave written informed consent

before entering the study. The study is in accordance with

the ethical standards of the responsible committee on

human experimentation (institutional and national) and

with the Declaration of Helsinki of 1975, as revised in

2000.

Radiographic assessment

Standardized weight-bearing, posterior�anterior (PA)

view, semi-flexed (7�10�) radiographic views were

acquired of the femorotibial joint (FTJ) [11]. The baseline

and 5-year follow-up knee radiographs were scored pair-

wise by trained observers using the 5-point KL score

(grade 0�4), with the observers being blinded for MRI in-

formation [3, 12]. The interobserver reliability was as-

sessed with prevalence-adjusted bias-adjusted kappa

(PABAK) scores and the percentage agreement [12]. The

PABAK score is calculated as 2� � 1 (with �= observed

proportion of agreement) and takes into account the ef-

fects of bias of the low prevalence of radiographic fea-

tures in this CHECK study. The PABAK score for

reliability on progression of OA (KL score) in the knee

from 0 to 5 years was 0.82, with a 90% average agree-

ment [12]. We defined development of radiographic OA of

the signal knee as a KL grade of 52 on the 5-year radio-

graph or when the participant received a total knee

arthroplasty.

MRI assessment

Signal knees were imaged in a dedicated knee coil in a 1.5

T magnet using a standardized protocol. We focused on

the femorotibial joint because of our correlation with the

KL scores as assessed on the conventional AP images of

the knee. We used a validated and semi-quantitative knee

OA scoring system to assess OA defects in the femoroti-

bial joint in which cartilage defects, OSTs, bone marrow

lesions (BMLs), subchondral cysts, Baker’s cysts, effusion

and meniscal extrusion were scored graded from 0 (ab-

sence) to 3 (severe), except for a meniscal tear, which is

either absent or present [5]. In addition to this, we defined

meniscal pathology as presence of a meniscal tear and/or

presence of meniscal extrusion (grade51). Furthermore,

we calculated the number of knees with structural FTJ OA

on MRI at baseline, according to the proposed criteria by

Hunter et al. [7], modified for our available data. We deter-

mined FTJ OA on MRI to be present when a definite OST

(grade 2 or higher) and a full-thickness cartilage loss

(grade 3) was present, or when one of these features

was present, combined with two or more other OA fea-

tures: a subchondral BML or cyst, extrusion or tearing of a

meniscus, or partial cartilage loss, where full-thickness

cartilage loss was absent.
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The MRI images were scored by two different teams,

scoring in consensus within that team. The first team con-

sisted of a musculoskeletal radiologist (I.W., with >20

years of experience) and two trained research fellows

(P.K. and R.S.). The second team consisted of a muscu-

loskeletal radiologist (J.L.B., also with >20 years of ex-

perience), a fellow in musculoskeletal radiology (B.J.)

and a trained research fellow (K.vO.). During the assess-

ment, the teams were blinded to radiographic information,

the patient’s symptoms, the patient’s age and other clin-

ical data. We measured the interobserver reliability for the

two teams, using 104 MRI scans that were scored by both

teams. The weighted kappa for cartilage defects was

0.42, for OSTs 0.69, for BMLs 0.43, for Baker’s cysts

0.61, for effusion 0.67 and for meniscal pathology 0.65.

Statistical analyses

We used descriptive statistics for the baseline patient

characteristics. We calculated the prevalence frequencies

of MRI features and tested the difference in prevalence of

pathology between the medial and the lateral menisci

using the Chi-square test.

Explanatory analyses

We determined the associations of various MRI features

with development of radiographic OA using binary logistic

regression analyses and calculated odds ratios (ORs) with

95% CIs. The dependent variable was development of

radiographic OA, and the independent variables were

the various MRI features. We calculated crude ORs as

well as the adjusted ORs corrected for age, sex and

BMI. Since the highest grades of most MRI features in

this early knee OA cohort were rare, we pooled grades 2

and 3 into one category. This accounted for OSTs, BMLs,

Baker’s cysts and effusion. Consequently, the provided

ORs are for 1 U increase in score.

Prediction analyses

First, we calculated the predictive values of the MRI fea-

tures found to have statistically significant association

with development of radiographic OA, encompassing sen-

sitivity, specificity, the positive and negative predictive

values and the area under the curve (AUC) of the receiver

operating characteristics curve. Second, we developed a

prediction model that incorporated all single MRI features

found to have statistically significant association with de-

velopment of radiographic OA. We chose this construc-

tion, since stepwise methods are prone to unstable

predictor selection in small sample sizes, especially

when the variables are correlated [13]. We used rounded

scores of 1 or 2 [14] to value each predictor in the model

instead of estimating the regression coefficients, since the

risk of overestimating these coefficients is relatively high in

a small sample size [13]. We assigned a score of 2 for

independent predictors identified in a multivariable logistic

regression analysis. We dichotomized predictors that

were only statistically significant in the univariable ana-

lyses and graded these as 1 point per presence of this

MRI feature.

Performance of the prediction model

Finally, we tested the performance of the prediction model

for accuracy, discriminative power, calibration and valid-

ity. Accuracy was measured with sensitivity and specifi-

city. For assessment of the discriminative ability we

calculated the AUC. To test for the calibration of the

score we used the Hosmer�Lemeshow goodness-of-fit

statistic. A P < 0.05 was considered to indicate that the

model was not well calibrated. We tested the validity of

the prediction model using a comprehensive bootstrap

procedure with 100 iterations, for optimism-correction

calculations [15, 16]. The statistical analyses were per-

formed using IBM SPSS version 23.0.

Results

Study population

We selected 169 participants with knee pain and a KL

score of41 at baseline. Of these, 162 MRI scans were

of sufficient quality and available for analyses. On follow-

up, 148 participants attended the hospital for their 5-year

visit. Two participants had received a total knee

arthroplasty in the past 5 years and were thus graded as

‘development of radiographic OA’. In total, we included

the data for 148 participants in the analyses. For details

on the study population, see Table 1.

Prevalence of MRI features at baseline

Table 2 shows the distribution of MRI features at baseline

for 148 knees. Sixteen patients (11%) had a completely

normal MRI scan. We determined that 89 knees (60%) had

some form of cartilage loss, 81 knees (55%) had at least

one OST, and 25 knees (17%) had a BML. Only seven

knees (5%) had a subchondral cyst in the FTJ, and be-

cause of this low prevalence we excluded this MRI feature

fro further statistical analyses. A Baker’s cyst was present

in 38 knees (26%) and effusion was seen in 54 knees

(36%). In total, 80 knees (54%) showed meniscal path-

ology. Prevalence of meniscal pathology was higher in

the medial meniscus, as compared with the lateral menis-

cus, with 70 medial menisci (47%) and 22 lateral menisci

(15%) with a tear and/or extrusion, P< 0.001. Structural

FTJ OA on MRI was seen in 14 knees (9%) at baseline.

TABLE 1 Baseline characteristics of participants with pre-

radiographic knee OA

Baseline
characteristics

Study population
(n = 148)

Age, mean (S.D.), years 56.0 (5.0)

Female, sex, n (%) 115 (78)
Right knee side, n (%) 93 (63)

BMI, median (range), kg/m2 25.7 (17.5�43.2)

KL score of imaged
knee (KL 0/1/2/3/4)

59/89/0/0/0

Baseline characteristics. KL: Kellgren and Lawrence.
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Association of baseline MRI features with develop-
ment of radiographic knee OA

Radiographic knee OA developed in 41 participants

(28%). Cartilage lesions, OSTs, BMLs, effusion and

meniscal pathology seen on MRI all had statistically sig-

nificant association with development of radiographic OA

(Table 2). A Baker’s cyst was not associated with devel-

opment of radiographic OA. Furthermore, the composite

score FTJ OA on MRI was found to have statistically sig-

nificant association with development of radiographic OA,

with an adjusted OR of 9.7 (95% CI: 2.6, 35.6). In the

multivariable logistic regression analysis, only OSTs

were a statistically independent MRI predictor [OR = 2.4

(95% CI: 1.2, 4.7), P = 0.009].

Predictive values of MRI features at baseline for
development of radiographic OA

Table 3 shows the predictive values of the MRI features

found to have statistically significant association with de-

velopment of radiographic knee OA. Sensitivity was high-

est for cartilage defects, OSTs and meniscal pathology;

however, it was 471%. Full-thickness cartilage defects

(grade 3), OSTs grade52, BMLs grade52 and moder-

ate-to-large effusion had a specificity above 90%.

Furthermore, FTJ OA on MRI showed a high specificity

of 96% (95% CI 90, 99), but had a low sensitivity of

24% (95% CI: 13, 41). In a few of these MRI features

with high specificity (OSTs grade52, effusion grade52

and FTJ OA on MRI), the pretest probability of

TABLE 2 Associations between baseline MRI abnormalities and development of radiographic knee OA after 5 years

Cartilage
defects Osteophytes

Bone marrow
lesions Baker’s cyst Effusion

Meniscal
pathologya

Grade No. ROA (%) No. ROA (%) No. ROA (%) No. ROA (%) No. ROA (%) No. ROA (%)

0 59 13 (22) 67 12 (18) 123 30 (24) 110 28 (26) 94 20 (21) 68 12 (18)

1 61 16 (26) 66 18 (27) 10 3 (30) 24 6 (25) 39 12 (31) 80 29 (36)

2 15 5 (33) 15 11 (73) 15 8 (53) 14 7 (50) 15 9 (60)

3 13 7 (54)
Crude OR (95% CI) 1.5 (1.0, 2.2) 2.9 (1.6, 5.2) 1.8 (1.1, 3.1) 1.5 (0.9, 2.6) 2.1 (1.3, 3.6) 2.7 (1.2, 5.7)
P-values 0.030 <0.001 0.026 0.116 0.004 0.013
Adjusted OR (95% CI)b 1.7 (1.1, 2.6) 3.1 (1.7, 5.7) 2.0 (1.2, 3.4) 1.5 (0.9, 2.6) 2.1 (1.2, 3.5) 2.8 (1.3, 6.3)
P-values 0.013 <0.001 <0.014 0.116 0.007 0.011

Associations between MR features and development of radiographic knee OA (n = 148). MR features in bold indicate statis-

tically significant association with development of radiographic OA. aMeniscal pathology (tear and/or extrusion): 0 for absence
of and 1 for presence of meniscal pathology. bAdjusted for age, sex and BMI. No.: number; ROA: absolute number of

participants developing radiographic knee OA, with percentage in parentheses; OR: odds ratio.

TABLE 3 Predictive values of MR features for development of radiographic knee OA after 5 years

MR features
Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

AUC
(S.E.)

Cartilage defects, any (n = 89) 68 (52, 81) 43 (34, 53) 31 (22, 42) 78 (65, 87) 0.602 (0.060)

Cartilage defects grade 3 (n = 13) 17 (9, 31) 94 (88, 97) 54 (26, 80) 75 (66, 82) 0.536 (0.054)
Osteophytes, any (n = 81) 71 (54, 83) 51 (42, 61) 36 (26, 47) 82 (70, 90) 0.664 (0.059)

Osteophytes, grade 52 (n = 15) 27 (15, 43) 96 (90, 99) 73 (45, 91) 77 (69, 84) 0.626 (0.062)

BMLs, any (n = 25) 27 (15, 43) 87 (79, 92) 44 (25, 65) 76 (67, 83) 0.592 (0.062)

BMLs, grade 52 (n = 15) 20 (9, 35) 93 (87, 97) 53 (27, 78) 75 (67, 82) 0.583 (0.062)
Effusion, any (n = 54) 51 (35, 67) 69 (59, 78) 39 (26, 53) 79 (69, 86) 0.637 (0.060)

Effusion, grade 52 (n = 15) 22 (11, 38) 94 (88, 98) 60 (33, 83) 76 (68, 83) 0.598 (0.062)

Meniscal pathology (n = 80) 71 (54, 83) 52 (43, 62) 36 (26, 48) 82 (71, 90) 0.609 (0.057)
FTJ OA on MR (n = 14) 24 (13, 41) 96 (90, 99) 71 (42, 90) 77 (68, 84) 0.620 (0.062)

Sensitivity, specificity and the predictive values are all depicted as percentages. PPV: positive predictive value; NPV: negative

predictive value; AUC: area under the curve, of the receiver operating characteristics curve; n: number of subjects; BML: bone
marrow lesion; FTJ OA; femorotibial joint OA.
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radiographic OA after 5 years at least doubled, from 28%

to positive predictive values above 60%.

Prediction model

Age, BMI and sex were not associated with the outcome

in our sample and therefore excluded from the prediction

model. The final model was built up from the five (single)

MRI features with statistically significant association with

development of radiographic knee OA. Presence of

OSTs was the only MRI feature incorporated in the final

model as a categorical feature, since this was the stron-

gest predictor in the multivariate analysis. We assigned

one point for detection of small OSTs at most (OST = 1),

or two points for presence of moderate-to-large OSTs

(OST = 2). We dichotomized the remaining MRI features

to absence (0) or presence (1). For cartilage defects, we

scored presence of a (grade 3) full-thickness cartilage

defect [Cart_Gr3] (Fig. 1); for a BML the cut-off grade

was52 [BML], and for effusion the cut-off grade was

also52 [Eff]. Meniscal pathology was already

dichotomized as absent or present [Men_path]. The in-

dividual score per participant was then calculated with

the algorithm, score = OST + Cart_Gr3 + BML + Eff +

Men_Path. This score ranged, consequently, from 0 to 6.

The AUC of the final prediction model was 0.722. After

internal validation, the optimism-corrected AUC was

0.685, the sensitivity was 65.9% and the specificity was

67.0%. The optimism-corrected Hosmer�Lemeshow test

had a P value of 0.645, indicating good calibration of

scores.

Discussion

The participants in this study had knee pain and were

suspected of having early knee OA. We found that the

MRI features OST, cartilage defects, BMLs, effusion and

meniscal pathology were associated with development of

radiographic knee OA after 5 years. These MRI features

had insufficient discriminative power to be useful as single

predictors. We combined the five MRI features into one

prediction model and reached fair discriminative power.

However, after internal validation of the prediction model,

we again observed poor discriminative power. Our MRI-

based prediction model improved the risk assessment for

the development of radiographic OA after 5 years, but

cannot be used as an absolute diagnostic tool, due to

the poor discriminative power.

In the proposed MRI definition of FTJ OA, developed

with a Delphi consensus method, the presence of a def-

inite OST next to a full-thickness cartilage defect would

enable an OA diagnosis. Presence of OSTs is a key fea-

ture for scoring and classifying radiographic knee OA, ac-

cording to the KL scale and the ACR classification criteria

[3, 17]. Our results are in line with these standards, with

the most significant predictor in our model being OSTs.

However, the importance of MRI-depicted OSTs has

received less attention in previous publications. In our

sample of knees with a KL score of 0 or 1 on the radio-

graph, OSTs were frequently present on the MRI images,

although their size was usually small. We observed most

of the OSTs in the intercondyllar regions of the femur, and

these OSTs were often not visible on standard PA radio-

graphs (Fig. 2). Our findings are in line with the general

consensus, that MRI has a higher sensitivity than radiog-

raphy for the detection of OSTs [3, 18]. Other predictors

from our model, BMLs and effusion, have been identified

in earlier studies as important biomarkers for OA develop-

ment [19�21]. A systematic review provided evidence for

their correlation, not only with radiographic OA develop-

ment, but also with clinical findings such as pain and stiff-

ness of the knee, underscoring the robustness of our

findings [9]. The last predictor of the prediction model,

meniscal pathology (Fig. 3), has been studied thoroughly

in OA. Although a fair proportion of meniscal abnormalities

are regarded as incidental findings in the elderly without

knee complaints [22], additional evidence is provided that

meniscal pathology is associated with early-stage knee

OA [20, 23].

The strength of this study is its unique study population

of patients with knee pain suspected of having early knee

OA. To the best of our knowledge, we are the first to pro-

pose an MRI-based prediction model for the identification

of these early knee OA patients. Other prediction models

have been proposed for the development of radiographic

knee OA, but these models have mainly focused on the

established risk factors of OA, including age, sex, BMI,

genetic predisposition and occupational risk factors

[24�26]. In the Rotterdam study, an externally validated

prediction model was presented using patient factors,

baseline KL score and genetic and biochemical markers

[24]. Without the baseline KL score in the model, an AUC

of 0.67 with an explained variance of 8% was calculated in

that study. Adding the baseline KL score to the model

raised the AUC to 0.79, with an explained variance of

34%, indicating the additive value of the baseline KL

score. Their AUC of 0.79 is slightly higher than our AUC

FIG. 1 MRI image of full-thickness cartilage loss (grade 3)

Sagittal gradient echo sequence showing full-thickness

cartilage loss (grade 3) of the medial femoral condyle

(white arrow) and grade 2 cartilage loss of the medial tibia

plateau (black arrow).
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of 0.72. In our model, we chose not to incorporate the KL

score at baseline, because our aim was to construct an

MRI-based prediction model. Furthermore, the Rotterdam

study was of a population-based cohort, with likely

greater contrast between those considered and those

not considered to be at risk of developing OA, which

could explain the higher AUC. In the Nottingham study,

another externally validated prediction model, based on

risk factors, showed a slightly lower AUC of 0.69 [25]. The

predictors in this model for incident radiographic knee OA

after a maximum of 12 years were age, sex, BMI, occu-

pational risk, family history and knee injury. MRI was,

however, not used in that study. In an earlier publication

from the CHECK study, a prediction model was presented

(based on quantified radiographic features) with an AUC

of 0.73, which is comparable to our AUC [26].

Unfortunately, this model was not validated. Joint space

width and OST area were the main predictors in this

model, and these are also the key features of the KL

score. Again, no MRI imaging was used. These studies

indicate the potency of prediction modelling in early

knee OA; with our study, the additive value of MRI imaging

is comparatively defined.

However, the true value of MRI imaging might not have

been assessed completely with our study. Two reasons

could be mentioned. First, we validated our MRI-based

prediction model against conventional imaging.

Radiography is known to have several disadvantages,

including the inability to detect small changes, and poor

correlation with knee function and pain [2]. Despite this, a

KL score of52 on the radiograph is often used as an out-

come in explanatory and prediction analyses [2, 9, 27],

presumably since radiography is still the most widely

used imaging technique to accomplish the diagnosis of

FIG. 2 MRI image and corresponding conventional image of a grade 3 osteophyte

(A) Axial gradient echo sequence showing a large osteophyte (grade 3) intercondyllar of the medial femoral condyle (white

arrow). (B) On the corresponding radiograph, scored as a KL grade 1, the large osteophyte is not visible.

FIG. 3 MRI images of a horizontal meniscus tear

(A) Coronal T1-weighted sequence and (B) a sagittal proton density sequence of a left knee showing a horizontal tear

(white arrow) of the anterior horn of the lateral meniscus.
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knee OA [4, 17]. Whether incident radiographic knee OA,

determined on repeated PA views of the FTJ, is the ideal

outcome is therefore questionable. The lack of a true gold

standard has been discussed before, but to date no other

generally accepted imaging outcome exists [27]. Second,

more promising MRI techniques are appearing in the form

of quantifiable MRI and higher spatial resolutions. We

chose a semi-quantitative scoring method, because in

routine clinical MRI reporting, quantified MRI scoring is

neither a standard, nor a nimble procedure. We aimed

to construct a straightforward diagnostic tool, useful in

clinical practice. A limitation to this procedure, at least in

our study, was the moderate-to-fair interobserver reliabil-

ity for the MRI features cartilage defects and BMLs. Semi-

quantitative MRI reporting of these features is known to

be prone to observer variability [28]. According to Landis

and Koch, our lowest-weighted Kappa of 0.43 for cartilage

defects is moderate; our highest-weighted Kappa of 0.83

for effusion is almost perfect [29]. Using Fleiss’ interpret-

ation, these values are fair to good and excellent, respect-

ively [30].

In conclusion, an internally validated prediction model

with five combined MRI features resulted in an optimism-

corrected AUC of 0.676 for incident radiographic knee OA

after 5 years, for participants with knee pain suspected of

having early knee OA. Future research is needed for ex-

ternal validation of our findings, with the possible addition

of other predictors identified in earlier research, to further

investigate the role of MRI imaging in early knee OA.
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