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Brief Report
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Abstract: In the Innovative Medicine’s Initiative Applied Public-Private Research enabling OsteoArthritis 
Clinical Headway (IMI-APPROACH) knee osteoarthritis (OA) study, machine learning models were trained 
to predict the probability of structural progression (s-score), predefined as >0.3 mm/year joint space width 
(JSW) decrease and used as inclusion criterion. The current objective was to evaluate predicted and observed 
structural progression over 2 years according to different radiographic and magnetic resonance imaging 
(MRI)-based structural parameters. Radiographs and MRI scans were acquired at baseline and 2-year follow-
up. Radiographic (JSW, subchondral bone density, osteophytes), MRI quantitative (cartilage thickness), and 
MRI semiquantitative [SQ; cartilage damage, bone marrow lesions (BMLs), osteophytes] measurements were 
obtained. The number of progressors was calculated based on a change exceeding the smallest detectable 
change (SDC) for quantitative measures or a full SQ-score increase in any feature. Prediction of structural 
progression based on baseline s-scores and Kellgren-Lawrence (KL) grades was analyzed using logistic 
regression. Among 237 participants, around 1 in 6 participants was a structural progressor based on the 
predefined JSW-threshold. The highest progression rate was seen for radiographic bone density (39%), 
MRI cartilage thickness (38%), and radiographic osteophyte size (35%). Baseline s-scores could only predict 
JSW progression parameters (most P>0.05), while KL grades could predict progression of most MRI-based 
and radiographic parameters (P<0.05). In conclusion, between 1/6 and 1/3 of participants showed structural 
progression during 2-year follow-up. KL scores were observed to outperform the machine-learning-based 
s-scores as progression predictor. The large amount of data collected, and the wide range of disease stage, 
can be used for further development of more sensitive and successful (whole joint) prediction models. Trial 
Registration: Clinicaltrials.gov number NCT03883568.
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Introduction

Osteoarthritis (OA) is a heterogeneous disease with 
respect to potential causes, but also in terms of disease  
progression (1). Many OA patients show little or no 
progression, which complicates the evaluation of disease-
modifying efficacy of treatment candidates in clinical 
trials (2,3). Predicting structural and/or symptomatic OA 
progression prior to patient inclusion would be helpful for 
trials investigating treatments such as disease-modifying OA 
drugs (DMOADs). Recently, a combination of biomarkers 
with potential prognostic utility in DMOAD trials based on 
multivariable modeling has been reported suggesting that 
once properly qualified, these biomarkers could be used to 
enrich future trials with participants likely to progress (4).  
In the Applied Public-Private Research enabling 
OsteoArthritis Clinical Headway (APPROACH) study, 
part of the Innovative Medicine’s Initiative (IMI), machine 
learning models were used to select people with knee OA with 
an increased risk of structural and/or pain progression over 
2 years (5). Structural progression was defined as minimum 
radiographic joint space width (JSW) loss of 0.6 mm  
over 2 years and expressed as a structure score (s-score). 
Pain progression was defined as increasing or sustained high 
self-reported pain and expressed as a pain score (p-score). 
Both scores ranged from 0–1, reflecting the likelihood of a 
participant being a progressor at 2 years. Participants with 
the highest combined s- and p-scores, based on radiographic 
and questionnaire data from a screening visit, were included 
in the IMI-APPROACH cohort. The comparison between 
the 2-year actual and predicted radiographic and pain 
progression in APPROACH has been reported previously (6).  
While previous studies have developed and evaluated 
machine learning models to predict OA progression with 
varying success (7-9), this is the first cohort that included 
participants based on a higher likelihood of progression. 
Further, previous studies generally developed and evaluated 
models using only one (structural) OA characteristic, usually 
JSW. A multitude of structural OA parameters were collected 
in the IMI-APPROACH cohort, including additional 
radiographic measures and a spectrum of magnetic resonance 
imaging (MRI) assessments including bone and cartilage 

measures, which can all be used for evaluation of progression 
(prediction) (10,11). 

Thus, the purpose of the current study was to (I) evaluate 
the number of progressors based on different radiographic 
and MRI parameters assessed in this cohort that specifically 
aimed to include a high number of progressors, and (II) 
explore whether the predicted progression (s-score) at 
baseline on radiographs was associated with actual structural 
2-year progression in the IMI-APPROACH cohort and 
how this novel prediction method compares to using 
baseline OA severity as a more traditional method.

Methods

Study sample

Data from the IMI-APPROACH cohort was used, in 
which persons with tibiofemoral knee OA were included 
at five centers throughout Europe, from five completed 
observational OA cohorts [CHECK (University Medical 
Center Utrecht) (12), HOSTAS (Leiden University Medical 
Center) (13), MUST (Diakonhjemmet Hospital, Oslo) (14), 
PROCOAC (INIBIC-Hospital Universitario, A Coruña) (15),  
DIGICOD (Sorbonne Université, Paris) (16)] and, when 
necessary, from outpatient clinics. Machine learning models 
trained on longitudinal data from the CHECK cohort 
were used to calculate the s- and p-scores. Details on the 
design of our machine learning methods for OA progression 
prediction have been published previously (17). Specifically, 
a RandomForest algorithm was used to create both the 
models used to rank potential participants to be invited to the 
screening visits as well as for the model that created the s- and 
p-scores used for the final decisions of inclusion into the IMI-
APPROACH cohort. All models were trained on historical 
data from the CHECK cohort filtered to include only 
participants complying with the inclusion/exclusion criteria 
of IMI-APPROACH (explained below). The set of features 
used by the final inclusion model covered all measurements 
taken at the screening visit of IMI-APPROACH: basic patient 
information (age, sex, BMI), pain intensity questionnaires 
(KOOS, NRS), and radiographic features (bone density, 
eminence height, JSW, femoral-tibial angle, osteophyte 
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area). The most impactful of these features were minimum 
JSW and osteophyte size in the medial tibia. The s-scores 
correspond to the probability estimated by the RandomForest 
algorithm for the positive class (progression). Stratified ten-
fold cross-validation was used to evaluate the predictive 
capacity of our models and perform hyperparameter tuning 
(number of trees, tree depth). As the objective of training 
this model was to perform recruitment decisions, rather than 
employing a generic predictive capacity metric (e.g., F1) we 
created a metric tailored to evaluate the effectiveness of the 
recruitment process. In the IMI-APPROACH screening visits 
inclusion and exclusion criteria were checked as well, after 
which the 75% of participants with the highest combined 
s- and p-scores were included in the IMI-APPROACH 
cohort. Inclusion criteria were described previously and 
included: satisfying the American College of Rheumatology 
(ACR) criteria for knee OA (18), able to walk unassisted, not 
predominantly patellofemoral OA (using patellar grind test), 
no contraindications for MRI or CT, and no secondary OA 
(e.g. due to leg axis deviation >10 degrees or inflammatory 
joint disease) (5). In total, 297 participants were included and 
visited the centers at multiple time points, including baseline 
and 2 years. Among the data collected were radiographs and 
1.5T (in 2 centers; n=74) or 3T (in 3 centers; n=223) MRI 
scans of each participant’s index knee, which was determined 
at screening by the physician. Baseline radiographs were 
used to determine the most affected compartment (MAC; 
medial or lateral) and Kellgren-Lawrence (KL) grade of each 
participant. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the regional ethics committees and Institutional 
Review Boards (UMC Utrecht, Leiden University Medical 
Center, Complejo Hospitalario Universitario de A Coruña, 
AP-HP Saint-Antoine Hospital, and Diakonhjemmet 
Hospital) and informed consent was taken from all individual 
participants. 

Radiographs

Standardized posterior-anterior weight-bearing semi-
flexed knee radiographs were performed according to the 
Buckland-Wright protocol (19). In the IMI-APPROACH 
cohort, radiographs were analyzed semi-automatically with 
Knee Images Digital Analysis (KIDA) software to determine 
mean medial, mean lateral, and minimum JSW, subchondral 
bone density of the medial and lateral tibia and femur, and 
osteophyte area of the medial and lateral tibia and femur 
(20,21). The pre-determined definition of progression was a 

decrease in minimum JSW of at least 0.3 mm per year (i.e., 
at least 0.6 mm over 2 years). Additionally, for all parameters, 
progression was determined as a deterioration of at least the 
smallest detectable change (SDC) in the MAC, determined 
previously for all parameters using KIDA software on similar 
knee radiographs and the same observer (20). 

MRI

The IMI-APPROACH MRI protocol included 3D spoiled 
gradient recalled echo (SPGR) scans for quantitative, 
manual, quality-controlled cartilage segmentation 
(qMRI) to obtain the mean medial and lateral cartilage 
thickness (Chondrometrics GmbH, Freilassing, Germany). 
Progression was defined as a decrease exceeding the SDC 
in the MAC. The qMRI SDC was determined previously in 
the IMI-APPROACH cohort (10). 

Triplanar proton density weighted and coronal T1 
weighted scans were used for semi-quantitative (SQ) MRI 
Osteoarthritis Knee Score (MOAKS) scoring of cartilage 
damage (size of cartilage loss as a % of surface area and 
% of area that is full-thickness loss), bone marrow lesions 
(BMLs; number and size) and osteophytes (size) scores in 
IMI-APPROACH (22). Readings were performed by one 
reader with 18 years of experience of standardized MRI 
OA assessment at the time of assessment (FWR). MOAKS 
scores (0–3) of the five medial or lateral tibiofemoral 
subregions were summarized to one score for each feature 
and included only if all subregions in the compartment 
could be scored; progression was defined as an increase 
of at least one full score in the MAC. Progressors for the 
patellofemoral compartment were analyzed as well, where 
the same MOAKS scores were assigned and summarized.

Statistical analysis

Statistical evaluation of 2-year changes in JSW, changes and 
test-retest precision of qMRI, and changes and reliability 
of MOAKS scoring have been performed and published 
previously (6,10,11). Logistic regression was used to 
evaluate whether the s-score could predict actual structural 
progression; the s-score was first rescaled from 0–1 to 
0–10, so that the odds ratios correspond with a 0.1 increase 
in s-score. To compare results with a more traditional 
parameter, logistic regression was used to analyze whether 
baseline KL grade could predict structural progression as 
well. Regression models were not adjusted for confounders 
(such as age or sex), since they were already included in 
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the machine learning model development. Baseline values 
were compared between progressors and non-progressors 
for all structural parameters using independent t-tests for 
continuous parameters and chi square tests for categorical 
parameters (MOAKS). The agreement of being a progressor 
on similar parameters (of JSW/cartilage thickness, 
subchondral bone, or osteophytes) was analyzed with Cohen’s 
κ. Only participants with at least one of KIDA, qMRI and 
MOAKS results at both time points were included. P values 
<0.05 were considered statistically significant. 

Results

The required data was available of 237 participants, and 
baseline data can be found in Table 1. Descriptive statistics 
by sex can be found in Table S1.

The number of progressors for each parameter is shown 
in Table 2 (based on SDC or one score as mentioned 
in Methods, see Table 2 for exact cutoffs). Of the 221 
participants that could be evaluated on minimum JSW, 
40 (16.9%) was a structural progressor according to the 
predefined criterion of minimum JSW decrease of at least 
0.6 mm over 2 years and 51 (23.1%) based on the minimum 
JSW SDC. The highest rates of progression were seen 
for radiographic subchondral bone density (85 of 221; 
38.5%), quantitative MRI (qMRI) cartilage thickness (86 of 
226; 38.1%), and radiographic osteophyte size (78 of 221; 
35.3%). In the patellofemoral compartment, progression 
was low (<15%), except for MOAKS full thickness cartilage 
loss progression (38 of 207; 18.4%; Table 2). Baseline values 
for progressors and non-progressors are shown in Table S2  
for all parameters. Comparing progressors based on 
parameters evaluating similar characteristics showed only 
slight agreement in most cases (κ≤0.20; Tables S3-S5).  
Only progressors based on the number and size of 
MOAKS BMLs showed moderate agreement (κ=0.59), 
and radiographic and MOAKS osteophytes showed fair 
agreement (κ=0.22).

In general, s-scores could not significantly predict a 
participant being a progressor (Table 2), except for minimum 
JSW progression based on the predefined criterion or 
on the SDC [both P≤0.03 and odds ratio (OR) >1.6]. 
However, baseline minimum JSW was used for calculation 
of the s-score. Correcting for baseline minimum JSW by 
including it in the regression model, to evaluate whether 
the s-score has predictive value additional to minimum JSW 
alone, resulted in the s-score no longer being significantly 
predictive of progression (both progression definitions 
P>0.38), confirming that baseline minimum JSW was the 
main driver of the s-score. Moreover, baseline minimum 
JSW seemed a stronger predictor than s-score based on 
P value (P=0.05 and P=0.10 for predefined and SDC-
based progression). The s-score significantly predicted 
patellofemoral progression based on the MOAKS number 
of BMLs, but the odds ratio of 0.48 indicates that a higher 
s-score was actually associated with less progression. KL 
grade, on the other hand, could in most cases significantly 

Table 1 Baseline data of included participants

Parameters Included participants (n=237)

Age (years) 66.4±7.1

BMI (kg/m2) 27.9±5.1

Sex

Male 56 (23.6)

Female 181 (76.4)

Index knee

Right 134 (56.5)

Left 103 (43.5)

Kellgren-Lawrence grade

Grade 0 45 (19.0)

Grade 1 66 (27.8)

Grade 2 51 (21.5)

Grade 3 65 (27.4)

Grade 4 8 (3.4)

Center

Utrecht 128 (54.0)

Leiden 43 (18.1)

A Coruna 32 (13.5)

Oslo 22 (9.3)

Paris 12 (5.1)

Most affected compartment

Medial 201 (84.8)

Lateral 36 (15.2)

Data are expressed as mean ± SD or n (%). BMI, body mass 
index; SD, standard deviation.

https://cdn.amegroups.cn/static/public/QIMS-22-949-supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-949-supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-949-supplementary.pdf


Jansen et al. Predicted and actual structural OA progression3302

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(5):3298-3306 | https://dx.doi.org/10.21037/qims-22-949

Table 2 Structural progressors and associations of s-score and KL grades with progression for all tibiofemoral and patellofemoral parameters

Parameters
Progressors most affected compartment Association s-score Association KL grade

Total No. [237] Progression cut-off Progressors, n (%) P value OR (95% CI) P value OR (95% CI)

Predefined progression (minimum JSW decrease ≥0.3 mm/y) 

KIDA minimum JSW 221 −0.6 mm 40 (16.9) 0.030* 1.63 (1.05–2.53) 0.084 1.30 (0.97–1.75)

TF JSW and cartilage thickness measures (change ≥ SDC or 1 full MOAKS score)

KIDA minimum JSW 221 −0.49 mm 51 (23.1) 0.007* 1.76 (1.17–2.66) 0.051 1.31 (1.00–1.72)

KIDA mean JSW 221 −0.67/−1.53 mm** 16 (7.2) 0.669 1.15 (0.60–2.21) 0.015 1.81 (1.12–2.93)

MRI quantitative 
cartilage thickness

226 −0.132/−0.120 mm** 86 (38.1) 0.446 1.14 (0.81–1.61) <0.001 1.69 (1.34–2.17)

MOAKS % area cartilage 
loss

187 1 score 14 (7.5) 0.485 0.77 (0.38–1.59) 0.056 1.60 (0.99–2.58)

MOAKS % full thickness 
loss

187 1 score 31 (16.6) 0.061 0.60 (0.35–1.02) 0.001 1.77 (1.26–2.49)

TF subchondral bone measures (change ≥ SDC or 1 full MOAKS score)

KIDA bone density 221 0.84–1.08 mm Al Eq*** 85 (38.5) 0.384 1.17 (0.82–1.67) 0.916 0.99 (0.78–1.25)

MOAKS BML number 231 1 score 28 (12.1) 0.373 1.25 (0.76–2.05) <0.001 2.07 (1.39–3.08)

MOAKS BML size 200 1 score 25 (12.5) 0.514 0.84 (0.49–1.42) <0.001 3.66 (2.13–6.29)

TF osteophyte measures (change ≥ SDC or 1 full MOAKS score)

KIDA osteophyte size 221 3.2–8.1 mm
2
*** 78 (35.3) 0.214 0.79 (0.55–1.14) <0.001 2.39 (1.79–3.19)

MOAKS osteophyte size 229 1 score 30 (13.1) 0.853 0.95 (0.58–1.56) 0.001 1.90 (1.30–2.77)

PF scores (change ≥1 full MOAKS score)

MOAKS % area cartilage 
loss

207 1 score 27 (13.0) 0.071 1.59 (0.96–2.61) 0.596 1.10 (0.77–1.56)

MOAKS % full thickness 
loss

207 1 score 38 (18.4) 0.065 1.51 (0.97–2.35) 0.606 1.09 (0.80–1.48)

MOAKS BML number 231 1 score 32 (13.9) 0.009 0.48 (0.28–0.84) 0.048 1.40 (1.00-1.94)

MOAKS BML size 179 1 score 21 (11.7) 0.173 0.65 (0.35–1.21) 0.120 1.37 0.92–2.02)

MOAKS osteophyte size 230 1 score 14 (6.1) 0.956 0.98 (0.49–1.96) 0.010 2.04 (1.19–3.49)

*, S-scores are partly based on baseline minimum JSW. After adjusting these models for baseline minimum JSW, s-scores no longer show 
statistically significant association with progression (both models P>0.38); **, cut off depended on whether the most affected compartment 
was the medial side (first number) or lateral side (second number) of the joint; ***, range for different regions (medial and lateral femur 
and tibia). Participants were progressors if at least one of two areas in the most affected compartment surpassed the progression cut 
off. KIDA radiographic bone density is measured in mm Aluminum Equivalent (mm Al Eq) using an aluminum step wedge. KL, Kellgren-
Lawrence; KIDA, Knee Images Digital Analysis; JSW, joint space width; TF, tibiofemoral; SDC, smallest detectable change; MOAKS, MRI 
Osteoarthritis Knee Score; MRI, magnetic resonance imaging; BML, bone marrow lesion; PF, patellofemoral. 

predict progression, as a higher KL grade frequently 
resulted in increased odds of being a progressor, especially 
in the tibiofemoral compartment (Table 2). 

Discussion

The IMI-APPROACH cohort used machine learning 

models to predict pain and/or structure progression in 
people with knee OA and included those with the highest 
predicted progression likelihood. The resulting number 
of structural progressors, especially those based on the 
predefined progressor criterion of at least 0.6 mm minimum 
JSW decrease over 2 years, was lower than expected. Still, 
looking at the number of progressors in the Osteoarthritis 
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Initiative (OAI), which may be considered a somewhat 
comparable cohort, the IMI-APPROACH cohort seems 
to have included a higher percentage of participants 
showing structural progression. Compared to the 23% of 
participants in the current study showing minimum JSW 
progression based on the SDC, only 8% of the OAI showed 
early/short-term JSW progression, with another 6% of 
patients showing late JSW progression that would likely 
not be picked up during the 2-year follow-up of the IMI-
APPROACH cohort (3). Also, 18–24% of patients in the 
OAI showed SDC-based 2-year MRI cartilage thickness 
progression in the OAI, compared to 38% in the current 
study (23). MOAKS scoring progression was higher in the 
OAI though, although they counted within-grade changes 
as well, which were not considered progression in the 
current study (11,24). Also, MOAKS readings in the OAI 
are only available for highly selected subsamples based 
on different outcomes (24). Still, the OAI did not aim to 
specifically include participants showing progression, while 
IMI-APPROACH did, with some success. 

In the IMI-APPROACH cohort, participants were 
included from five previous observational cohorts. While 
this provided the advantage of utilizing available data of 
these participants for the initial progression prediction, it 
also meant that participants had OA for many years without 
undergoing (joint replacement) surgery. Previous research 
has shown that knee OA radiographic progression follows a 
pattern of inertia, where knees that have shown stable OA 
usually remain stable and do not show significant structural 
progression (25). Following this reasoning, participants 
included in the IMI-APPROACH cohort would be 
expected to remain relatively stable, at least structurally. 
It has also been shown previously that KL grade 2 and 3 
knees show more cartilage thickness loss than those with 
KL grade <2, which was confirmed in the current study 
as well, as participants with a higher KL grade showed 
more progression (26). Looking only at participants 
with radiographic OA (KL grade ≥2) resulted in higher 
progression rates (e.g., 50% for MRI cartilage thickness and 
30% for minimum JSW based on SDC; data not shown) 
but also in this subgroup, the s-score was not significantly 
associated with progression. 

The traditional and rather crude KL grade seemed to 
predict structural progression better than the s-score did, 
especially progression of BMLs and osteophytes based 
on OR (Table 2). While the machine learning model 
predicting progression with the s-score was not developed 
for progression prediction of most of the parameters 

evaluated in the current study, as it aimed to predict 
only the likelihood of a minimum JSW loss exceeding  
0.3 mm per year, the machine learning model did include 
other structural parameters such as osteophyte size and 
was hypothesized to also have predictive value for OA 
progression in other structural parameters. Given that 
minimum JSW can be predicted by the s-score and not by 
the KL grade, perhaps the machine learning model was 
too strongly influenced or constricted by minimum JSW to 
be of value for other parameters as well. Also, the current 
study revealed that the different progressor definitions 
do not show a high agreement (Tables S3-S5), which may 
explain why the s-score cannot be reused to predict other 
progression definitions as well. In the comparison between 
JSW and MRI cartilage thickness this could potentially be 
the result of differences in acquisition (such the difference 
in weight-bearing, or the fact that JSW progression is a 
composite result of cartilage loss and meniscal damage 
and extrusion) (27), but even progression on qMRI 
cartilage thickness and MOAKS cartilage scores showed 
only low agreement in this study. This means that, even if 
the progression in one parameter (in this case minimum 
JSW) could have been predicted perfectly, this would not 
necessarily have resulted in a similarly high number of 
progressors in the other structural parameters. However, 
since a previous FNIH study demonstrated that qMRI 
cartilage thickness and MOAKS cartilage scores did show 
good agreement in terms of progression, the low agreement 
here could have been the result of dichotomization of the 
outcomes in the current study, as knees could barely exceed 
the progression threshold for one outcome but barely fail 
for the others. 

In conclusion, despite the fact that the machine-
learning determined s-scores did not significantly predict 
progression and the number of progressors was somewhat 
lower than expected, the IMI-APPROACH cohort seems 
to have included an adequate number of people with knee 
OA showing structural progression. Though the s-score 
could significantly predict minimum JSW progression, 
it could not predict structural progression in any other 
OA characteristic, while the KL grade could for most 
measures. When aiming to predict multiple whole joint 
OA changes in future studies, broader machine learning 
models should be developed, which are trained for multiple 
outcome parameters. The large amount of data collected 
in the cohort, and the inclusion of participants at different 
stages of the disease, can be used for further development 
of models that can predict (whole joint) structural OA 

https://cdn.amegroups.cn/static/public/QIMS-22-949-supplementary.pdf
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progression.
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Supplementary

Table S1 Baseline data of included participants by sex

Parameter Male participants (n=56) Female participants (n=181)

Age (years) 66.5±6.9 66.0±7.8

BMI (kg/m2) 27.8±5.2 28.2±4.6

Index knee

Right 26 (46.4) 108 (59.7)

Left 30 (53.6) 73 (40.3)

Kellgren-Lawrence grade

Grade 0 10 (17.9) 35 (19.6)

Grade 1 20 (35.7) 46 (25.7)

Grade 2 7 (12.5) 44 (24.6)

Grade 3 15 (26.8) 50 (27.9)

Grade 4 4 (7.1) 4 (2.2)

Center

Utrecht 38 (67.9) 90 (49.7)

Leiden 10 (17.9) 33 (18.2)

A Coruna 2 (3.6) 30 (16.6)

Oslo 6 (10.7) 16 (8.8)

Paris 0 (0.0) 12 (6.6)

Most affected compartment

Medial 49 (87.5) 152 (84.0)

Lateral 7 (12.5) 29 (16.0)

Data are expressed as mean ± SD or n (%).
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Table S2 Baseline statistics for progressors and non-progressors

Parameter
Progressors Non-progressors

P value
Total No. Baseline Total No. Baseline

Predefined progression (minimum JSW decrease ≥0.3mm/y)

KIDA minimum JSW 40 3.1±1.0 181 2.5±1.2 0.003

TF JSW and cartilage thickness measures (change ≥ SDC or 1 full MOAKS score)

KIDA minimum JSW 51 3.0±1.1 170 2.4±1.2 0.002

KIDA mean JSW 16 4.1±1.7 205 4.1±1.2 0.927

MRI quantitative cartilage thickness 86 2.7±0.8 140 3.0±0.6 0.022

MOAKS % area cartilage loss 14 5.0 (6.0) 173 4.0 (7.0) 0.531

MOAKS % full thickness loss 31 0.0 (3.0) 156 0.0 (2.0) 0.641

TF subchondral bone measures (change ≥ SDC or 1 full MOAKS score)

KIDA bone density 85 29.5±5.5 136 33.2±5.2 <0.001

MOAKS BML number 28 1.0 (3.0) 203 0.0 (2.0) 0.204

MOAKS BML size 25 1.0 (4.0) 175 0.0 (1.0) 0.032

TF osteophyte measures (change ≥ SDC or 1 full MOAKS score)

KIDA osteophyte size 78 7.9±8.0 143 3.6±4.8 <0.001

MOAKS osteophyte size 30 3.0 (2.3) 199 1.0 (3.0) <0.001

PF scores (change ≥1 full MOAKS score)

MOAKS % area cartilage loss 27 4.0 (4.0) 180 4.0 (4.0) 0.310

MOAKS % full thickness loss 38 1.0 (3.3) 169 1.0 (3.0) 0.254

MOAKS BML number 32 1.0 (2.0) 199 1.0 (2.0) 0.124

MOAKS BML size 21 1.0 (1.0) 158 0.0 (2.0) 0.011

MOAKS osteophyte size 14 5.0 (5.0) 216 1.0 (3.0) <0.001

P values were calculated with independent t-tests for continuous parameters and chi square tests for categorical parameters (MOAKS). 
Mean ± standard deviation is shown for continuous parameters; n (%) is shown for categorical parameters.

Table S3 Agreement of being a progression for different cartilage-related parameters

KIDA minimum JSW KIDA mean JSW
MRI cartilage 

thickness
MOAKS % area 

cartilage loss
MOAKS % full 
thickness loss

KIDA minimum JSW x

KIDA mean JSW 0.178 x

MRI cartilage thickness 0.101 0.123 x

MOAKS % area cartilage loss 0.022 0.011 0.115 x

MOAKS % full thickness loss 0.060 0.060 0.081 0.182 x

Cohen’s κ values of agreement are shown.
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Table S4 Agreement of being a progression for different subchondral bone parameters

KIDA bone density MOAKS BML number MOAKS BML size

KIDA bone density x 

MOAKS BML number −0.050 x

MOAKS BML size −0.016 0.592 x

Cohen’s κ values of agreement are shown.

Table S5 Agreement of being a progression for different osteophyte 
parameters

KIDA osteophyte 
size

MOAKS osteophyte 
size

KIDA osteophyte size x

MOAKS osteophyte size 0.219 x

Cohen’s κ values of agreement are shown.


