[bookmark: _GoBack]Table 1. Characteristics of the 28 included reports and their validation designs.
	Study
	Joint
	Development / internal data
	External / validation data
	Target outcome
	Prediction horizon
	Predictor modality
	Model / algorithm
	Validation category

	Han et al., 2022
	Knee
	OAI
	MOST
	Radiographic/KL structural progression
	NA
	Radiograph + clinical
	AI/ML prediction model
	L1 independent external

	Almhdie-Imjabbar et al., 2022
	Knee
	OAI and MOST
	OAI ↔ MOST
	mJSN structural progression
	NA
	Radiographic bone texture
	ML / Siamese-network-derived radiologic descriptors
	L1 independent external

	Salis et al., 2024
	Knee
	OAI
	MOST
	End-stage symptomatic + radiographic OA
	~2 to 2.5 y; ~4 to 5 y
	Clinical + radiographic predictors
	ML models (full and reduced predictor sets)
	L1 independent external

	Wang et al., 2025
	Knee
	OAI test set (n=578)
	Independent Taiwan hospital (n=274)
	KL progression
	48 months
	Radiograph + clinical
	Deep learning / multimodal prediction
	L1 independent external

	Nair et al., 2024
	Knee
	OAI
	MOST
	Clinically important WOMAC change
	2 years
	Clinical; clinical + imaging
	Gradient boosting machine
	L1 independent external

	Dunn et al., 2023
	Knee
	OABC/FNIH
	JoCoOA and OAI
	Radiographic structural progression
	NA
	Epigenetic biomarkers
	Machine-learning biomarker model
	L1 independent external

	van den Berg et al., 2026 (morphology)
	Hip
	World COACH pooled cohorts (35,984 hips)
	Leave-one-cohort-out across 9 cohorts
	Incident radiographic hip OA
	4–8 years
	Radiographic morphology + demographics
	GLMM and random forest
	L2 internal-external / LOCO

	van den Berg et al., 2026 (deep learning)
	Hip
	World COACH pooled cohorts (25,090 hips)
	Leave-one-cohort-out across 7 cohorts
	Incident radiographic hip OA
	4–8 years
	DL radiographic features + demographics
	Deep-learning feature models / hybrid models
	L2 internal-external / LOCO

	Blanco et al., 2026
	Knee
	OAI
	PROCOAC
	Pain / clinical progression
	NA
	Clinical + imaging
	Machine learning
	L1 independent external

	Rajamohan et al., 2024
	Knee
	OAI
	MOST
	Incident and progressive OA
	NA
	Imaging + clinical
	Machine learning
	External / contextual

	Rajamohan et al., 2026
	Knee
	OAI
	MOST
	Incident and progressive OA
	NA
	Imaging + clinical
	Sequential / continual-learning framework
	External / contextual

	Rajamohan et al., 2023
	Knee
	OAI
	MOST
	Future total knee replacement
	NA
	MRI / radiographic imaging
	Deep learning
	L1 external; surgical endpoint

	Rajamohan et al., 2025 (RiskFORM)
	Knee
	OAI
	MOST
	Future total knee replacement
	1, 2, and 4 years
	Radiograph + risk factors
	RiskFORM prediction model
	L1 external; surgical endpoint

	Cigdem et al., 2024
	Knee
	OAI
	MOST and independent hospital
	Time to total knee replacement
	NA
	X-ray / MRI features
	Survival / machine-learning models
	L1 external; surgical endpoint

	Cigdem et al., 2025
	Knee
	OAI
	MOST and/or independent hospital
	Time to total knee replacement
	NA
	Imaging + clinical
	Machine-learning survival model
	L1 external; surgical endpoint

	Zhang et al., 2025 (MR-Transformer)
	Knee
	OAI
	MOST
	Future total knee replacement
	NA
	MRI
	Transformer-based model
	L1 external; surgical endpoint

	McCabe et al., 2022
	Knee
	OAI
	MOST
	Future OA occurrence / progression
	NA
	Clinical / radiographic
	Cox prediction model
	Independent external comparator

	Paz-González et al., 2024
	Knee
	OAI
	PROCOAC
	Incident radiographic KOA
	96 months
	Clinical / radiographic
	Stepwise multivariable logistic regression
	Independent external comparator

	Tiulpin et al., 2019
	Knee
	OAI
	MOST
	OA progression / TKR composite
	NA
	Radiograph + clinical
	Deep learning + clinical prediction
	External / contextual

	Lee et al., 2025
	Knee
	OAI
	MOST
	OA progression
	NA
	NA
	AI/ML prediction model
	External / contextual

	Castagno et al., 2025
	Knee
	FNIH/OAI
	POMA
	Rapid radiographic and/or pain progression
	NA
	Imaging + clinical
	Machine learning
	L3 quasi-external

	Yin et al., 2024
	Knee
	OAI
	OAI center/subset holdout
	Incident radiographic OA
	NA
	Imaging
	Deep learning
	L3 quasi-external

	Panfilov et al., 2022
	Knee
	OAI
	OAI held-out data
	OA progression
	NA
	Imaging
	Deep learning
	L3 quasi-external

	Attur et al., 2020
	Knee
	NYU / OAI
	Replication cohort
	OA progression
	NA
	Biomarkers + clinical
	Machine learning
	External / contextual

	IMI-APPROACH validation
	Knee
	European source cohorts
	IMI-APPROACH prospective cohort
	Pain and structural progression
	NA
	Multimodal clinical / imaging
	Machine learning
	External / contextual

	Herrera et al., 2026
	Knee
	OAI / MOST
	Target cohort after adaptation
	Structural progression
	NA
	Imaging
	Transfer-learning model
	Adapted external validation

	Hidaka et al., 2024
	Hip
	Single-center hip OA cohort (361 patients; 1,697 radiographs)
	Five-fold cross-validation
	Progression from KL 0–2 to KL ≥3
	3, 4, and 5 years
	Radiograph + demographics
	EfficientNet-B4 features + gradient boosting
	Internal validation only

	Xu et al., 2025
	Hip
	Two Chinese hospitals (20,745 radiographs)
	Third hospital (1,928 radiographs) + OAI (1,249 hips)
	Current KL severity grading
	Cross-sectional
	Radiograph
	CBAM-enhanced ResNet-50
	External; cross-sectional context


Abbreviations: AI, artificial intelligence; DL, deep learning; GLMM, generalized linear mixed model; KL, Kellgren–Lawrence; KOA, knee osteoarthritis; LOCO, leave-one-cohort-out; ML, machine learning; MOST, Multicenter Osteoarthritis Study; OAI, Osteoarthritis Initiative; OA, osteoarthritis; PROCOAC, Prospective Cohort of Osteoarthritis from A Coruña; TKR, total knee replacement; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index. L1, independent external validation in a distinct cohort or clinical setting; L2, internal-external validation including LOCO designs; L3, quasi-external validation within the same overarching data resource. NA, not reported or not applicable.
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