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a b s t r a c t

Objective: To determine the association between Criteria for the Early Diagnosis of Knee osteoarthritis 
(CREDO) defined early-stage knee osteoarthritis (KOA) and the prevalence of MRI structural abnormalities, 
using prevalence risk ratios (PRs).
Methods: This study used cross-sectional Osteoarthritis Initiative (OAI) data from 1500 knees without 
radiographic KOA (KL-grade < 2) and with available MRI assessments, after excluding 13 knees with missing 
data. Using clinical factors (e.g. demographics, symptoms, effusion and crepitus), knees were identified with 
early-stage KOA (≥70% probability for CREDO), potential early-stage KOA (30–69% probability) or no KOA 
(< 30% probability). Log binomial regression assessed the PRs of cartilage defects, bone marrow lesions 
(BMLs), meniscal abnormalities, and abnormalities in at least one, multiple, or all investigated structures, 
across CREDO-defined KOA statuses.
Results: Of the 1500 included knees, early-stage KOA was present in 7.7%, potential early-stage KOA in 43.7%, and 
no KOA in 48.5%. Early-stage KOA generally showed higher PRs versus no KOA and versus potential early-stage 
KOA for cartilage defects (PR 1.37, 95% CI 1.23–1.53: no KOA; PR 1.08, 95% CI 0.98–1.19: potential), BMLs (2.38, 
1.78–3.19; 1.48, 1.13–1.93), meniscal lesion (1.26, 0.96–1.65; 1.35, 1.03–1.78), meniscal extrusion (4.53, 2.28–9.01; 
2.03, 1.11–3.71), at least one abnormality (1.30, 1.19–1.41; 1.09, 1.01–1.18), multiple abnormalities (1.81, 1.48–2.22; 
1.38, 1.14–1.67), and all investigated structures (3.22, 1.92–5.41; 2.09, 1.28–3.42).
Conclusion: In non-radiographic OA knees, CREDO-defined early-stage KOA was associated with higher PRs 
of OA features on MRI compared with no KOA. Early-stage KOA also showed higher PRs of these features 
compared with potential early-stage KOA.

© 2026 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights are reserved, 
including those for text and data mining, AI training, and similar technologies. 

Introduction

Knee osteoarthritis (KOA) is an increasingly prevalent disease 
that significantly impacts both individuals and society [1]. An early- 
stage KOA diagnosis would be important, as the disease is con
sidered to be most amenable to treatment during this period [2,3]. 
However, commonly applied diagnostic methods for KOA are limited 
in their ability to identify early-stage disease [4–7]. Radiography has 
limited sensitivity in detecting early structural changes in KOA [4,5]
and established clinical criteria, such as those proposed by the 
European Alliance of Associations for Rheumatology (EULAR) [8] and 
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the American College of Rheumatology (ACR) [9], were primarily 
developed using data from patients with advanced disease [6,7].

The Criteria for Early Diagnosis of Knee osteoarthritis (CREDO) 
were developed to facilitate the application of proactive interven
tions more early in the disease process [10]. The CHECK cohort was 
used, which included patients consulting a general practitioner for 
knee pain for the first time. Baseline clinical and radiographic factors 
that could predict a medical diagnosis of clinically relevant KOA 
within the next 5–10 years were identified [10]. To define the clinical 
reference outcome used to derive these factors, experienced clin
icians first reviewed questionnaire data and examination findings, 
including pain during activities (e.g., rising from sitting/descending 
stairs), morning stiffness, effusion, crepitus, joint line tenderness, 
and basic demographics (age, sex, BMI), and judged for each knee 
whether clinically relevant KOA was present. Afterward, with the 
clinical data available, the clinicians re-evaluated the same knee 
using radiographic information (Kellgren–Lawrence grade, joint 
space narrowing, osteophytes, and images) and provided an updated 
judgment and certainty score [10]. This process established the re
ference outcome against which baseline measures were identified as 
predictive factors (CREDO criteria), supporting both clinical-only and 
clinical-plus-radiographic CREDO model variants [10,11]. Our im
plementation uses the clinical-only model [11].

The CREDO model is used to calculate the probability of devel
oping clinically relevant KOA [11]. Model outcomes are interpreted 
as follows: higher probabilities correspond to CREDO-defined early- 
stage KOA, intermediate probabilities indicate potential early-stage 
KOA, and low probabilities indicate no KOA [12,13]. In a validation 
study, the CREDO criteria were applied to participants from the os
teoarthritis Initiative (OAI), consisting of individuals without but at 
elevated risk of developing KOA [14]. Using the clinical-only model, 
those with CREDO-defined early-stage KOA, and to a lesser extent 
those with potential early-stage KOA, experienced significantly 
worse radiographic and symptom progression over nine years 
compared to those with no KOA [14]. The results suggest that 
CREDO-defined early-stage KOA, is associated with structural pa
thology visible on radiographs. However, whether it is also asso
ciated with structural pathology detectable on MRI prior to 
radiographic changes has not yet been investigated.

Compared to radiography, magnetic resonance imaging (MRI) is 
more sensitive to early KOA abnormalities [15–17]. The purpose of 
this study is to test the hypothesis that despite the absence of 
radiographic KOA, those with CREDO-defined early-stage KOA will 
have a higher prevalence of MRI knee joint structural abnormalities. 
In individuals without radiographic OA, but at elevated risk of KOA, 
we determined the cross-sectional association between MRI struc
tural abnormalities and early-stage KOA, potential early-stage KOA 
and no KOA, using the CREDO criteria.

Methods

The osteoarthritis initiative

This study used data from 1513 knees of 1423 participants from 
the Osteoarthritis Initiative (OAI). The OAI is a multi-center, long
itudinal, observational study based in the USA, which tracks in
dividuals at elevated risk of developing KOA. Participants were 
primarily recruited from university research units and tertiary hos
pitals. The primary inclusion criteria were men and women aged 
between 45 and 79 who were at elevated risk of symptomatic fe
moral-tibial KOA on the basis of age, knee symptoms in the past 12 
months, past injury or surgery, a family history of KOA, frequent 
knee bending, or overweight/obesity. All ethnic minorities were in
cluded. Exclusion criteria included inflammatory arthritis, contra
indications to 3 T MRI, and bilateral end-stage KOA. Full description 

of the cohort can be found on the official website (https://nda.nih. 
gov/oai/study-details).

Participant knees

In the OAI cohort, MRI readings were not conducted using a 
centralized protocol. Instead, sub-studies were designed around 
specific hypotheses, with investigators selecting patient samples 
whose MRIs were reviewed for those specific analyses. Therefore, 
caution is warranted when combining MRI assessments from dif
ferent sub-studies, as scoring methods may vary. We identified two 
sub-studies which included only knees without radiographic OA 
(Kellgren and Lawrence Grade (KL) ≤1) at the time of MRI assess
ment and were therefore useful for the present study. Other sub- 
studies were excluded because they included knees with radio
graphic osteoarthritis at baseline or employed different MRI grading 
methods and assessors. The first sample was derived from a study 
that selected knees of participants with a KL 0 in both knees at the 
12-month OAI visit, referred to as the ‘Lower risk sub-sample’ 
(Sharma et al., 2016 [18]). The second sample, referred to as the 
‘Higher risk sub-sample’ (Roemer et al., 2015 [17]), was derived from 
a study that included participants who had at least 1 knee that de
veloped incident radiographic OA (KL grade of ≥2 on the poster
oanterior view) during the following 4 years and controls matched 
to sex, age, and contralateral KOA status (i.e., KL grade 0, 1, or 2+ in 
the other knee). From the ‘Higher risk sub-sample’, the baseline MRI 
and clinical data were used. In the present study, n refers to the 
number of knees.

MRI abnormalities

All selected OAI participants underwent knee MRIs using a 3.0 T S 
Trio MR scanner and quadrature transmit-receive extremity radio- 
frequency coils. We sourced the MRI assessment data from prior OAI 
repositories. The MRIs of the ‘Lower risk sub-sample’ were read by 
three experts (Dr. Michel Crema, Dr. Ali Guermazi, and Dr. Frank W 
Roemer), who were blinded to hypotheses, KL gradings, and all other 
data [18]. Two of these assessors also read the MRIs for the ‘Higher 
risk sub-sample’ (FWR and AG), for which they were blinded with 
regard to clinical data [17].

Both studies used the modified MRI osteoarthritis Knee Score 
(MOAKS) to grade cartilage defects, bone marrow lesions (BMLs), 
and meniscal status [19]. The minimum score indicating an MRI 
abnormality was standardized using thresholds from Roemer et al. 
(2015) [17]. Cartilage abnormality was scored separately for four 
patellofemoral and ten tibiofemoral (TF) subregions. It was con
sidered present if scored ≥1.1 (0–3.3) indicating moderate to severe 
cartilage damage in at least one of the subregions. The presence of 
BMLs was measured in the same subregions and deemed present if 
scored ≥2 (on a scale of 0–3), indicating that > =33% of any subregion 
was affected. Meniscal lesion was assessed using MOAKS [19] (range 
0–8). Following the threshold described by Roemer et al. (2015) [17], 
a lesion was considered present if any meniscal region scored ≥2, 
thereby contrasting normal or signal abnormality with the presence 
of horizontal, vertical, complex, or root tears and/or partial, com
plete, or progressing maceration. Tear assessment included four re
gions: the anterior and posterior compartments of the medial and 
lateral meniscus. Maceration was assessed in two additional regions: 
the medial and lateral body. Meniscal extrusion was assessed in the 
coronal plane, but differently across the sub-samples which war
rants caution with the interpretation of the pooled outcome mea
surements. In the ‘Higher risk sub-sample’, extrusion was considered 
present if extruded ≥3 mm (2 on a scale of 0–3), while in the ‘Lower 
risk sub-sample’ an extrusion was considered present if ≥50% ex
truded (scored 2, on a scale of 0–2). The number of structures 
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involved was measured, encompassing the presence of cartilage 
defects, BMLs, and meniscal abnormalities (including either lesion or 
extrusion). This measurement aimed to determine whether in
dividuals exhibited abnormalities in at least one, multiple, or all of 
the investigated structures combined.

The CREDO criteria

The CREDO criteria refer to factors incorporated into a diagnostic 
model to identify early-stage KOA by calculating the probability of 
developing clinically relevant KOA [10,14]. Using this model, the 
probability of developing clinically relevant KOA was calculated and 
categorized in three categories: 1) a threshold identifying no KOA 
(< 30% probability of developing clinically relevant KOA), 2) a 
threshold identifying potential early-stage KOA (30–69% probability) 
and 3) a high threshold identifying early-stage KOA (> =70% prob
ability). These thresholds were selected based on evidence that has 
shown that they lead to better predictive values compared to other 
explored thresholds [14]. The positive predictive value (PPV) and a 
negative predictive value (NPV) of the CREDO criteria were pre
viously assessed in the CHECK cohort [14], with incident KOA de
velopment (clinically relevant KOA 5–10 years after first 
presentation in primary care) as a reference standard. The threshold 
for early-stage KOA demonstrated a PPV of 0.80 (95% CI 0.76–0.84) 
and a NPV of 0.78 (95% CI 0.74–0.82) and the threshold for potential 
early-stage KOA demonstrated a positive predictive value (PPV) of 
0.68 (95% CI 0.64–0.72) and a negative predictive value (NPV) of 0.70 
(95% CI 0.66–0.74) [14]. In a previous study, the original model re
ported by Wang et al. (2022) [14] was modified to exclude joint line 
tenderness as a factor in the model [13]. Following this adjustment, 
the model’s predictive performance was reassessed in the original 
CHECK cohort, as previously described [11]. This evaluation involved 
predicting a clinical diagnosis established through combined clinical 
and radiological criteria [11]. Excluding joint line tenderness did not 
affect the model’s predictive performance, resulting in an Area 
Under the Curve (AUC) of 0.742 (95% CI, 0.738–0.746). The present 
study used the following modified logistic regression model 
(Figure 1): Logit = −6.622 + (Age × 0.034) + (Female × 0.652) + (BMI × 
0.118) + (WOMAC difficulty descending stairs × 0.454) + (WOMAC 
difficulty rising from sitting × 0.397) + (WOMAC morning stiffness × 
0.466) + (Effusion × 1.443) + (Crepitus × 0.475).

Age and BMI were included as continuous variables, while all 
other predictors were dichotomous. Sex was coded as 1 for female 
and 0 for male. Individual McMaster Universities osteoarthritis Index 
[20] (WOMAC) items assessing difficulty descending stairs, difficulty 
rising from sitting, and morning stiffness (stiffness after first waking 
in the morning over the previous 7 days) were included as separate 
variables. Patient-reported clinical features, including WOMAC 
items, knee effusion, and crepitus, were originally scored on a 0–4 
scale over the past 7 days but were dichotomized for the model, with 
scores ≥2 (‘moderate’ severity or higher for symptoms, and ‘some
times’ or more frequent for effusion [swelling] and crepitus 
[grinding, clicking, or other noises]) coded as positive (1).

Baseline data

Different timepoints were used for the two sub-samples. Data for 
each participant/knee were extracted to match the timepoint of the 
MRI assessment (OAI timepoint 0 for the ‘Higher risk sub-sample’ 
and timepoint 1 for the ‘Lower risk sub-sample’), including age, sex, 
BMI, physical examinations (joint line tenderness, joint effusion, 
crepitus), WOMAC symptom subscales for pain (0−20), function 
(0−68) and knee stiffness (0−8), and comorbidities using the 
Charlson Modified Comorbidity score [21].

Statistical analysis

The analyses were performed using Stata (version 16; StataCorp, 
College Station, TX, USA). The baseline characteristics of the participants 
were given as mean values ± standard deviation (SD) for continuous 
variables and as number and proportions for categorical variables. We 
used log binomial regression to assess the prevalence risk ratio (PR) of 
MRI knee abnormalities associated with early-stage KOA, potential early- 
stage KOA and no KOA at the time of MRI assessment. Only one time
point was included per knee. The CREDO criteria were derived from 
variables including age, sex, and body mass index, as well as difficulty 
descending stairs, difficulty rising from sitting, morning stiffness, knee 
effusion, and crepitus (Figure 1). Because these variables are integral to 
the definition of the CREDO subgroups, adjusting for them in the re
gression models could obscure the relationship between CREDO classi
fication and the outcomes of interest. Therefore, we chose to present 
unadjusted models. The knee was used as the unit of analysis, and 88 
participants (5.9% of the total sample) contributed data from both knees. 
To account for the non-independence of observations in these cases, we 
applied cluster-robust standard errors in the generalized linear models, 
which adjusts variance estimates for clustering at the participant level. 
However, this model did not converge when estimating the PR for the 
presence of at least one MRI abnormality. In that case, a log-binomial 
model was used instead. Knees were excluded from analysis if data re
quired to assess the CREDO criteria were missing (n = 13). Additionally, a 
small number of knees with missing MRI abnormality data were ex
cluded from analyses involving those specific variables (n = 15 in total). 
The number of participants with missing values is provided in Supple
mentary Appendix Table 1.

To ensure that the results were not influenced by combining the 
sub-samples, we conducted additional separate analyses in the 
‘Higher risk sub-sample’ and ‘Lower risk sub-sample’. There were 47 
participants whose MRI images were assessed in both sub-samples. 
These were used to calculate the agreement between the MRI as
sessments using Cohen’s Kappa, based on the dichotomized struc
tural outcomes. The Kappa value for cartilage defects was 0.58 (p 
< 0.001) indicating a moderate agreement, for BMLs it was 0.35 (p = 

Fig. 1                        

The diagnostic model used to identify CREDO-defined early-stage 
KOA. Using this model, the probability of future KOA was calculated 
and categorized in three categories:: 1) a threshold identifying no 
KOA (< 30% probability of developing clinically relevant KOA), 2) a 
threshold identifying potential early-stage KOA (30–69% probability) 
and 3) a high threshold identifying early-stage KOA (> =70% prob
ability). The model includes age and BMI as continuous variables, 
while all other predictors are dichotomous. Sex is coded as 1 for 
female and 0 for male. Individual WOMAC questions, directed at 
difficulties when descending stairs and rising from sitting, and 
presence of morning stiffness (stiffness after first waking in the 
morning over the previous 7 days), are included as separate vari
ables. Patient-reported clinical features, including WOMAC ques
tions, knee effusion, and crepitus, were originally scored on a 0–4 
scale over the past 7 days but were dichotomized for the model: a 
score of ≥2 (‘moderate’ severity or higher for symptoms, and 
‘sometimes’ or more frequent for effusion (swelling in the last 7 
days) and crepitus (feeling grinding, hearing clicking, or other 
noises) was coded as positive (1).
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0.003) indicating a fair agreement and for meniscal lesion it was 0.58 
(p < 0.001) indicating moderate agreement. There was perfect 
agreement in the assessment of meniscal extrusions, as all 47 were 
graded to not have extrusion in both samples. In the subsequent 
analyses, these 47 participants were, for consistency, considered as 
part of the ‘Higher risk sub-sample’ only. Between the subsamples, 
we compared the baseline prevalence of CREDO-defined early-stage 
KOA and MRI abnormalities, and the PR of MRI abnormalities by 
CREDO-defined early-stage KOA statuses.

Results

Baseline characteristics

This study analyzed data from 1500 knees (1412 participants) 
after excluding 13 knees (0.9%) with missing data required for the 
CREDO criteria. Among the included knees, the mean participant age 
was 59.3 (SD 8.7), 60.3% (903) were female, and mean BMI was 
27.5 kg/m² (SD 4.4) at the time of MRI assessment. Of these knees, 
116 (7.7%) had early-stage KOA, 656 (43.7%) potential early-stage 
KOA, and 728 (48.5%) had no KOA. WOMAC knee awareness or pain 
(≥ 1 on the pain subscale scored 0–20) was present in n = 691 
(46.1%), with a mean pain score of 3.2 (SD 2.5). More details on the 
baseline characteristics are provided in Table 1.

Compared to the ‘Higher risk sub-sample’ (n = 700), there were fewer 
knees in the ‘Lower risk sub-sample’ (n = 800) with early-stage KOA 
(10.7% vs. 5.1%) and potential early-stage KOA (51.1% vs. 37.3%), while 

more knees in the ‘Lower risk sub-sample’ had no KOA (38.1% vs. 57.6%). 
Structural abnormalities were more common in the ‘Higher risk sub- 
sample’ compared to the ‘Lower risk sub-sample’ including cartilage 
defects (81.6% vs. 54.3%), BMLs (31.8% vs. 12.6%), meniscal lesion (36.2% 
vs. 20.5%), and meniscus extrusion (9.1% vs. 0.6%). Furthermore, a greater 
proportion of the ‘Higher risk sub-sample’ had at least one structural 
abnormality (88.2% vs. 62.7%), multiple structures affected (52.8% vs. 
21.9%), or abnormalities in all of the investigated joint structures (carti
lage defects, BMLs, and meniscal abnormalities; 12.1% vs. 3.0%). Baseline 
characteristics by CREDO classification group are presented in 
Supplementary Appendix Table 2.

Associations between early-stage KOA and MRI abnormalities

In the combined sample, compared to knees with no KOA, those 
with early-stage KOA had a significantly greater PR for cartilage 
defects (1.37, 95% CI 1.23–1.53), BMLs (2.38, 95% CI 1.78–3.19), me
niscal extrusion (4.53, 95% CI 2.28–9.01), at least one MRI abnorm
ality (1.30, 95% CI 1.19–1.41), multiple structures affected (1.81, 95% 
CI 1.48–2.22), and abnormalities in all of the investigated joint 
structures (3.22, 95% CI 1.92–5.41). While elevated, the PR for me
niscal lesion was not statistically significant (1.26, 95% CI 0.96–1.65).

In the stratified analysis, early-stage KOA knees derived from the 
‘Higher risk sub-sample’ (n = 700) had a significantly higher PR for 
cartilage defects, BMLs, meniscal extrusion, the presence of at least one 
MRI abnormality, multiple structures affected, and abnormalities in all of 
the investigated joint structures (details provided in Table 2). In the 

Baseline characteristics Combined sample n = 1500 ‘Higher risk sub-sample’ n = 700 ‘Lower risk sub-sample’ n = 800

Age, mean (SD) in years 59.8 (8.7) 60.1 (8.5) 58.6 (8.8)
Female, n (%) 905 (60.3) 465 (66.4) 440 (55.0)
BMI (kg/m2), mean (SD) 27.5 (4.4) 28.3 (4.5) 26.7 (4.2)
WOMAC knee pain score ≥ 1a, n (%) 691 (46.1) 369 (52.7) 322 (40.3)

Pain score if ≥ 1, mean (SD) 3.2 (2.5) 3.6 (2.7) 2.8 (2.1)
WOMAC knee stiffness ≥ 1a, n (%) 728 (48.5) 408 (58.3) 320 (40.0)

Stiffness score if ≥ 1, mean (SD) 2.2 (1.2) 2.3 (1.2) 2.1 (1.1)
WOMAC knee disability ≥ 1a, n (%) 763 (51.0) 413 (59.3) 350 (43.8)

Disability score if ≥ 1, mean (SD) 9.1 (8.7) 10.4 (9.4) 7.6 (7.5)
Patients with ≥ 1 comorbidityb, n (%) 330 (22.0) 174 (24.9) 156 (19.5)
Patients using pain medicationc, n (%) 153 (10.2) 78 (11.1) 75 (9.4)
CREDO Criteria

No OA 728 (48.5) 267 (38.1) 461 (57.6)
Potential early-stage KOA 656 (43.7) 358 (51.1) 298 (37.3)
Early-stage KOA 116 (7.7) 75 (10.7) 41 (5.1)

MRI Abnormalitiesd

Cartilage defects, n (%) 1002 (67.2) 569 (81.6) 433 (54.3%)
Bone marrow lesions, n (%) 323 (21.6) 222 (31.8) 101 (12.6%)
Meniscal extrusion, n (%) 69 (4.6) 64 (9.1) 5 (0.62%)
Meniscus damage, n (%) 438 (29.4) 250 (36.2) 164 (20.5%)

Number of structures involvede

At least one structural abnormality, n (%) 1108 (74.7) 606 (88.2) 499 (62.7)
Multiple structures affected, n (%) 540 (36.4) 363 (52.8) 174 (21.9)
All of the investigated structures affected, n (%) 108 (7.3) 83 (12.1) 24 (3.0)

Statistics are presented as mean and standard deviation (SD) for continuous variables or n (proportion) for categorical variables. Abbreviations: n = number of knees, KL = 
Kellegren and Lawrence grade. a McMaster Universities osteoarthritis Index (WOMAC) symptoms subscales for pain (0−20), function (0−68) and knee stiffness (0−8), 
identified if scored > 0. b Patients were surveyed using the Charlson Comorbidity Index on the presence of cardiovascular diseases, diabetes, stomach diseases, kidney 
diseases, blood diseases, cancer, depression, rheumatoid arthritis, neurological disorders, or other medical diseases. c Patient-reported use of pain medication on the day they 
completed the questionnaire. dThe minimum score indicating an MRI abnormality was standardized using thresholds from Roemer et al. (2015) [14]. Cartilage morphology 
was scored separately for four patellofemoral and ten tibiofemoral (TF) subregions. It was considered present if scored ≥1.1 (0–3.3) indicating moderate to severe cartilage 
damage. The presence of BMLs was measured in the same subregions and deemed present if scored ≥2 (on a scale of 0–3), indicating that > =33% of any subregion was 
affected. Meniscal damage (tear or maceration) was scored in three subregions on a scale of 0–8 and was considered present if scored ≥2 in any of the regions. Meniscal 
extrusion was scored differently for the sub-samples; in the ‘Higher risk sub-sample’, extrusion was considered present if extruded ≥3 mm (2 on a scale of 0–3), while in the 
‘Lower risk sub-sample’ an extrusion was considered present if ≥50% extruded (scored 2, on a scale of 0–2). eThe cumulative number of abnormalities was measured, 
encompassing the presence of cartilage defects, bone marrow lesions (BMLs), and meniscal abnormalities (including either damage or extrusion). This measurement aimed to 
determine whether individuals exhibited abnormalities in at least one, multiple, or all of these structures combined.

Table 1                                                                                                      

Baseline characteristics for the combined and the higher and lower risk samples separately. 
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‘Lower risk sub-sample’ (n = 800) early-stage KOA knees had a sig
nificantly higher PR for cartilage defects, bone marrow lesions, and 
multiple structures affected, but not of other outcomes (Table 2).

Associations between potential early-stage KOA and MRI abnormalities

Compared to knees with no KOA, those with potential early-stage 
KOA exhibited a higher PR for cartilage defects (1.27, 95% CI 
1.18–1.37), BMLs (1.67, 95% CI 1.35–4.06), meniscal extrusion (2.34, 

95% CI 1.35–4.06) the presence of at least one abnormality (1.19, 95% 
CI 1.11–1.26), multiple structures affected (1.31, 95% CI 1.07–1.44), 
and all of the investigated joint structures (1.54, 95% CI 1.02–2.33), 
but not of meniscal lesion (0.93, 95% CI 0.78–1.11).

In both sub-samples, potential early-stage KOA knees had a sig
nificantly higher PR for cartilage defects and the presence of at least 
one MRI abnormality (Table 3). In the ‘Higher risk sub-sample’, po
tential early-stage KOA knees also had a higher PR for BMLs, me
niscal extrusion and multiple structures affected (Table 3).

Combined Sample (n = 1500) Higher risk sample (KL 0–1) (n = 700) Lower risk sample (KL 0) (n = 800)

No OA Early-stage KOA Early-stage KOA Early-stage KOA

MRI Abnormality Prevalence  
n (totala n, %)

Totala 

n
Prevalence 
n (%)

Risk Ratio  
PR (95% CI)

Totala 

n
Prevalence 
n (%)

Risk Ratio PR 
(95% CI)

Totala 

n
Prevalence 
n (%)

Risk Ratio  
PR (95% CI)

Cartilage Defects 426 (727, 58.6) 116 93 (80.2) 1.37 (1.23–1.53) 75 64 (85.3) 1.15 (1.02–1.30) 41 29 (70.7) 1.43 (1.15–1.78)
Bone marrow lesions 115 (727, 15.8) 115 44 (38.3) 2.38 (1.78–3.19) 75 32 (42.7) 1.77 (1.26–2.50) 40 12 (30.0) 2.54 (1.44–4.47)
Meniscal extrusion 18 (728, 2.5) 116 13 (11.2) 4.53 (2.28–9.01) 75 12 (16.0) 2.85 (1.39–5.83) 41 1 (2.4) 3.75 (0.40–35.27)
Meniscal lesion 208 (723, 28.8) 116 41 (35.3) 1.26 (0.96–1.65) 75 29 (38.7) 0.98 (0.71–1.36) 41 12 (29.3) 1.35 (0.81–2.24)
Number of structures involved
At least one MRI abnormality 493 (722, 68.3) 115 102 (88.7) 1.30 (1.19–1.41) 75 70 (93.3) 1.10 (1.02–1.19) 40 32 (80.0) 1.34 (1.12–1.62)
Multiple structures affected (2 or more) 223 (722, 30,9) 115 63 (54.8) 1.81 (1.48–2.22) 75 45 (60.0) 1.31 (1.04–1.64) 40 18 (45.0) 2.11 (1.44–3.11)
All of the investigated structures affected 37 (722, 5.1) 115 19 (16.5) 3.22 (1.92–5.41) 75 16 (21.3) 2.42 (1.35–4.35) 40 3 (7.5) 2.47 (0.74–8.24)

Abbreviations: n = number of knees, KL = Kellegren and Lawrence grade. The minimum score indicating an MRI abnormality was standardized using thresholds from Roemer 
et al. (2015) [14]. Cartilage morphology was scored separately for four patellofemoral and ten tibiofemoral (TF) subregions. It was considered present if scored ≥1.1 (0–3.3) 
indicating moderate to severe cartilage damage. The presence of BMLs was measured in the same subregions and deemed present if scored ≥2 (on a scale of 0–3), indicating 
that > =33% of any subregion was affected. Meniscal damage (tear or maceration) was scored in three subregions on a scale of 0–8 and was considered present if scored ≥2 in 
any of the regions. Meniscal extrusion was scored differently for the sub-samples; in the ‘Higher risk sub-sample’, extrusion was considered present if extruded ≥3 mm (2 on a 
scale of 0–3), while in the ‘Lower risk sub-sample’ an extrusion was considered present if ≥50% extruded (scored 2, on a scale of 0–2). The number of structures involved was 
measured, encompassing the presence of cartilage defects, BMLs, and meniscal abnormalities (including either damage or extrusion). This measurement aimed to determine 
whether individuals exhibited abnormalities in at least one, multiple, or all of the investigated structures. a The total number of participants within the specified subgroup for 
whom the outcome value is not missing.

Table 2                                                                                                      

Prevalence and prevalence risk ratios of MRI abnormalities in early-stage KOA compared to no KOA in a combined, higher and lower risk 

sample. 

Combined Sample Higher risk sample (KL 0–1) Lower risk sample (KL 0)

No OA Potential early-stage KOA Potential early-stage KOA Potential KOA

MRI Abnormality Prevalence 
n (%)

Total 
n

Prevalence 
n (%)

Risk Ratio PR 
(95% CI)

Total 
n

Prevalence 
n (%)

Risk Ratio PR 
(95% CI)

Total 
n

Prevalence 
n (%)

Risk Ratio PR 
(95% CI)

Cartilage Defects 426 (727, 58.6) 652 488 (74.8) 1.27 (1.18–1.37) 356 310 (47.5) 1.17 (1.07–1.27) 296 178 (27.3) 1.20 (1.05–1.37)
Bone marrow lesions 115 (727, 15.8) 656 166 (25.3) 1.67 (1.35–2.08) 358 126 (19.2) 1.46 (1.13–1.90) 298 40 (6.1) 1.24 (0.83–1.83)
Meniscal extrusion 18 (728, 2.5) 646 38 (5.9) 2.34 (1.35–4.06) 358 37 (5.7) 1.84 (1.03–3.28) 298 1 (0.2) 0.52 (0.05–4.94)
Meniscal lesion 208 (723, 28.8) 650 176 (27.1) 0.93 (0.78–1.11) 353 123 (18.9) 0.85 (0.69–1.05) 298 53 (8.2) 0.81 (0.60–1.09)
Number of structures involved
At least one MRI abnormality 493 (722, 68.3) 646 527 (81.6) 1.19 (1.11–1.26) 351 322 (49.8) 1.06 (0.99–1.13) 295 205 (31.7) 1.19 (1.06–1.32)
Multiple structures affected (2 or more) 223 (722, 30,9) 646 263 (40.7) 1.31 (1.13–1.52) 351 204 (31.6) 1.23 (1.04–1.44) 295 59 (9.1) 0.92 (0.69–1.24)
All of the investigated structures affected 37 (722, 5.1) 646 53 (8.2) 1.54 (1.02–2.33) 351 46 (7.1) 1.42 (0.88–2.30) 295 7 (1.1) 0.78 (0.32–1.91)

Abbreviations: n = number of knees, KL = Kellegren and Lawrence grade. The minimum score indicating an MRI abnormality was standardized using thresholds from Roemer 
et al. (2015) [14]. Cartilage morphology was scored separately for four patellofemoral and ten tibiofemoral (TF) subregions. It was considered present if scored ≥1.1 (0–3.3) 
indicating moderate to severe cartilage damage. The presence of BMLs was measured in the same subregions and deemed present if scored ≥2 (on a scale of 0–3), indicating 
that > =33% of any subregion was affected. Meniscal damage (tear or maceration) was scored in three subregions on a scale of 0–8 and was considered present if scored ≥2 in 
any of the regions. Meniscal extrusion was scored differently for the sub-samples; in the ‘Higher risk sub-sample’, extrusion was considered present if extruded ≥3 mm (2 on a 
scale of 0–3), while in the ‘Lower risk sub-sample’ an extrusion was considered present if ≥50% extruded (scored 2, on a scale of 0–2). The number of structures involved was 
measured, encompassing the presence of cartilage defects, BMLs, and meniscal abnormalities (including either damage or extrusion). This measurement aimed to determine 
whether individuals exhibited abnormalities in at least one, multiple, or all of the investigated structures. a The total number of participants within the specified subgroup for 
whom the outcome value is not missing.

Table 3                                                                                                      

Prevalence and prevalence risk ratios of MRI abnormalities in potential early-stage KOA compared to no KOA in a combined, higher and lower 

risk sample. 
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Comparing early-stage KOA to potential early-stage KOA

Compared to knees with potential early‑stage KOA, those with 
early‑stage KOA demonstrated higher PRs for most MRI abnormal
ities in the combined sample, including bone marrow lesions (PR 
1.48, 95% CI 1.13–1.93), meniscal extrusion (PR 2.03, 95% CI 
1.11–3.71), meniscal lesion (PR 1.35, 95% CI 1.03–1.78), the presence 
of at least one MRI abnormality (PR 1.09, 95% CI 1.01–1.18), multiple 
structures affected (PR 1.38, 95% CI 1.14–1.67), and involvement of all 
investigated structures (PR 2.09, 95% CI 1.28–3.42). Although carti
lage defects were more prevalent in early‑stage KOA (80.2% vs 
74.4%), this difference was not significant (PR 1.08, 95% CI 0.98–1.19). 
When stratified by sub-samples, no significant differences were 
observed for individual MRI abnormalities within the higher‑risk 
sub‑sample (KL 0–1), apart from a higher prevalence of all structures 
affected (PR 1.70, 95% CI 1.01–2.86). In the lower‑risk sub‑sample (KL 
0), early‑stage KOA knees showed significantly higher PRs for bone 
marrow lesions (PR 2.05, 95% CI 1.15–3.66) and multiple structures 
affected (PR 2.29, 95% CI 1.51–3.46), whereas other MRI outcomes 
did not differ significantly between groups.

Discussion

This study found that CREDO-defined early-stage KOA is asso
ciated with MRI-detected structural abnormalities. Increased risk 
was observed for cartilage defects, BMLs, and meniscal extrusion, 
and with having abnormalities in multiple or all of the investigated 
joint structures. These findings provide validation that CREDO-de
fined early-stage KOA using clinical factors is associated with 
structural abnormality, even in a non-radiographic OA population 
(KL < 2). This is important knowledge, as many primary healthcare 
providers globally still rely on radiography to diagnose KOA and to 
initiate treatment [22,23]. The findings align with previous studies 
on the diagnostic utility of the CREDO criteria [10,14]. They also 
suggest potential for identifying individuals with knee structural 
abnormalities without imaging, prior to any irreversible radio
graphic changes that may occur.

The studies that initially assessed the MRIs of the included sub- 
samples found associations between MRI abnormalities and the fu
ture development of radiographic KOA [17,18]. This supports that 
their MRI assessment data can be used to identify early-stage joint 
structural KOA at risk of progression to radiographic KOA. Out of the 
MRI abnormalities assessed, the increased risk of meniscal extrusion 
was notable in those with early-stage KOA (PR 4.53, 11% of knees). 
This high risk of meniscal extrusion warrants the need for preventive 
measures, given its association with knee pain, cartilage loss, me
niscal lesion, and progression to clinically relevant KOA [24]. There 
was also a higher PR of BMLs (PR 2.38, 38% of knees) in those with 
early-stage KOA. This further supports that disease management 
would be useful, as the presence of BMLs is considered to be a 
modifiable MRI abnormality [25], has a prominent relationship with 
pain [26], and is a risk factor for structural knee deterioration [27]. 
The presence of BMLs is associated with pain on joint loading [28], 
which is assessed by the CREDO criteria. Furthermore, early-stage 
KOA was to a lesser extent associated with cartilage defects, which 
may be partially related to their high prevalence in no KOA knees as 
well (80% in early-stage KOA vs 59% in no KOA in the present study). 
In addition, early-stage KOA did not exhibit a significantly higher risk 
of a meniscal lesion. This supports that the presence of an MRI ab
normality does not necessarily indicate KOA, as it is common in 
asymptomatic individuals as well (e.g., 43% cartilage defects and 19% 
meniscal lesion in individuals above 40 years of age) [29]. However, 
we found that when MRI abnormalities are present simultaneously, 
the strength of their association with early-stage KOA increases.

Compared to no KOA, potential early-stage KOA was associated 
with a higher PR in all MRI outcomes except for meniscal lesion. The 
findings support prior studies suggesting that CREDO-defined po
tential early-stage KOA warrants risk management [10,14,30]. Direct 
comparisons between early-stage KOA and potential early-stage KOA 
support that early-stage KOA is characterised by more structural 
joint abnormalities on MRI. In the combined sample, early-stage KOA 
was associated with significantly higher PRs across most MRI out
comes, particularly bone marrow lesions, meniscal pathology, and 
measures reflecting multi-structure involvement, whereas differ
ences in cartilage defects were not significant. However, these as
sociations were not consistent across sub-samples. Among knees in 
the ‘Higher risk sub-sample’, only a greater association with the 
outcome all structures affected was significant, whereas in the 
‘Lower risk sub-sample’, early-stage KOA was significantly more 
strongly associated with bone marrow lesions and multi-structure 
involvement. The observation that early-stage KOA was more 
strongly associated with knee abnormalities compared to potential 
early-stage KOA is consistent with a prior study, which reported that 
the radiographic and symptomatic progression of CREDO-defined 
early-stage KOA was twice that of potential early-stage KOA over a 9- 
year period [14]. Meanwhile the prevalence of potential early-stage 
KOA is higher [10,14,30] (8% vs 44% respectively in the present 
study). This may suggest that more costly and limited interventions 
should be prioritized for those with early-stage KOA.

Our findings show that individuals with CREDO-defined early- 
stage KOA have a higher prevalence of MRI-detected structural ab
normalities compared to those without KOA. Prior research has de
monstrated that such MRI abnormalities are associated with future 
development of radiographic KOA [17,18], suggesting that these 
cross-sectional associations may reflect early structural changes in 
knees at risk of structural progression. This would be consistent with 
previous studies reporting that individuals with CREDO-defined 
early-stage KOA are at increased risk of developing clinically relevant 
knee OA and radiographic KOA over time [10,14]. Future research 
should investigate whether targeted interventions, such as weight 
management/maintenance, and strategies to improve joint loading 
through exercise and education, can alter this trajectory. However, 
our findings also highlight the heterogeneity of structural abnorm
alities within the early-stage KOA population. It is plausible that 
different abnormalities may respond differently to first-line inter
ventions. For example, the presence of meniscal extrusion alters 
knee kinematics and changes force transmission [24], potentially 
influencing treatment outcomes and acting as a confounding factor 
in studies evaluating intervention efficacy. Further research is war
ranted to explore how structural phenotyping can enhance our un
derstanding of disease progression from early-stage to established 
knee OA and inform more targeted intervention strategies.

Imaging is often overutilized in clinical practice, partly to satisfy 
patient expectations [31] and reinforce diagnostic certainty [32]. 
Although this work does not aim to provide diagnostic capability, it 
offers further validation of criteria derived solely from clinical fac
tors. The ability to detect even modest structural associations 
without imaging may help build confidence among clinicians and 
patients in using clinical criteria. Current ongoing efforts to refine 
the CREDO criteria into a clinically applicable tool [33] may help 
bridge the gap between guideline recommendations and practice by 
enabling earlier, imaging-independent identification and manage
ment of individuals at risk of disease progression.

The results are generalizable to individuals who meet the elig
ibility criteria for the OAI cohort. The OAI enrolled adults aged 
45–79 years who were at increased risk for knee OA based on factors 
such as prior knee injury or surgery, obesity, knee symptoms, or 
hand OA, or who had early symptomatic knee OA. Individuals with 
established radiographic knee OA, inflammatory arthritis, bilateral 
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end-stage disease, or conditions that prevented valid imaging or 
longitudinal follow-up were excluded at baseline. Consequently, the 
study population represents a selected group enriched for OA risk 
but without definite radiographic disease at study entry. 
Generalizability beyond the OAI cohort may therefore be limited, 
particularly to younger individuals, those without OA risk factors, 
and broader community or clinical populations that do not meet 
these eligibility criteria. These findings were validated and relatively 
consistent in two OAI sub-samples, enhancing internal validity, but 
caution is warranted when extrapolating to broader populations 
without similar characteristics. One limitation of the study is the 
potential variability in MRI assessments between the two sub- 
samples, as these were conducted for different studies, which could 
affect the consistency of the findings. However, the kappa statistics 
evaluation in 47 participants showed fair to moderate agreement 
and MRI readers of the ‘Higher risk sub-sample’ were also involved 
in the MRI assessments in the ‘Lower risk sub-sample’ [17,18], ad
dressing this concern to some extent. Furthermore, the ‘Higher risk 
sub-sample’ was derived from a case-control study in which controls 
with less radiographic progression were matched based on sex and 
BMI, which are selection factors used in the CREDO criteria. This 
weakened the ability of the CREDO criteria to distinguish those with 
more severe structural abnormality within the ‘Higher risk sub- 
sample’. In addition, different thresholds were used to define me
niscal extrusion in the higher- and lower-risk samples, and the 
method applied in the lower-risk sample was less sensitive com
pared to the higher-risk sample. This difference, combined with the 
lower prevalence of early-stage KOA in the lower-risk sample, may 
have contributed to the pooled outcome appearing to show a 
somewhat stronger association between meniscal extrusion and 
early-stage KOA than in the separate sample analyses. Apart from the 
association with potential early-stage KOA in the lower-risk sample, 
where prevalence may have been too small, the association re
mained evident in both samples. This suggests that while mea
surement sensitivity and threshold differences may have influenced 
the pooled estimate, they did not substantially alter the overall in
terpretation. A strength of this study is that combining these sam
ples resulted in a substantial cohort without radiographic KOA and 
that the majority of MRI readers overlapped between study samples. 
Another strength is that the criteria used can be implemented in 
primary care, increasing opportunities for impact on OA related care.

Conclusion

This study demonstrated that in individuals at risk of KOA with 
normal looking radiographs, those with CREDO-defined early-stage 
KOA exhibit more MRI detected structural joint abnormalities com
pared to knees without OA, and compared to knees with potential 
early-stage KOA. These findings provide validation that CREDO-de
fined early-stage KOA, based on clinical factors, is associated with 
structural pathology and that early-stage KOA can be identified prior 
to radiographic changes, without requiring imaging.
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