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ABSTRACT 

Introduction: Osteoarthritis (OA) is a whole-joint disease, yet its 

assessment has traditionally relied on radiography, which has 

known limitations in visualizing soft tissue and early cartilage 

changes. This systematic review evaluates the utility and 

performance of various imaging modalities in the comprehensive 

assessment of OA. 

Methods: A systematic review of the literature was conducted to 

identify studies comparing imaging techniques (radiography, MRI, 

CT, ultrasound) for OA assessment. Key studies were evaluated 

for design, population, and outcomes. A risk of bias assessment 

was performed for pivotal longitudinal and comparative studies. 

Data on diagnostic performance, correlation with clinical 

symptoms, and prediction of disease progression were 

synthesized. 

Results: The analysis included studies evaluating radiography,  
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MRI, CT, and ultrasound. MRI was consistently found to be the 

most sensitive modality for whole-organ assessment, capable of 

detecting cartilage defects, bone marrow lesions (BMLs), and 

synovitis before they are radiographically apparent. Radiographic 

joint space narrowing (JSN) proved to be a specific (91%) but 

insensitive (23%) marker for MRI-detected cartilage loss.1 BMLs 

and synovitis on MRI were significantly associated with clinical 

outcomes; BMLs strongly predicted knee pain and future joint 

replacement (OR 1.57).2 Ultrasound demonstrated superiority over 

radiography in detecting osteophytes and soft-tissue 

inflammation.5 A high prevalence of MRI abnormalities was 

found in radiographically normal and asymptomatic knees, 

highlighting a significant clinic-radiological discordance.8 

Discussion: The findings confirm a paradigm shift from a 

cartilage-centric view to a whole-organ understanding of OA, 

driven by advanced imaging. While radiography remains the first-

line tool in clinical practice due to accessibility, its limitations for 

monitoring progression and detecting early disease are profound. 

MRI, particularly with quantitative techniques, is the gold 

standard for research and complex cases, identifying key 

prognostic markers like BMLs. The high prevalence of imaging 

findings in asymptomatic individuals complicates their use for 

routine diagnosis but underscores their potential for identifying 

disease phenotypes and therapeutic targets. 

Conclusion: Advanced imaging modalities, particularly MRI, 

provide a comprehensive assessment of OA pathology that far 

exceeds the capabilities of conventional radiography. The future of 

OA management will likely involve an imaging-guided approach 

to phenotype patients and tailor interventions, moving toward a  
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more personalized treatment strategy. 
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INTRODUCTION 

Background: A Paradigm Shift in Understanding OA 

Osteoarthritis (OA) was historically characterized as a degenerative "wear and tear" disease 

focused exclusively on the progressive degradation of articular cartilage. However, significant 

advancements in imaging technology over the past two decades have fundamentally reshaped this 

understanding. OA is now recognized as a far more complex disorder affecting the joint as a 

complete organ.10 Its pathogenesis involves a dynamic and complex interplay between multiple 

articular and periarticular tissues, including cartilage, menisci, ligaments, synovium, subchondral 

bone, and surrounding musculature.12 This conceptual paradigm shift is critical, as it exposes the 

insufficiency of diagnostic approaches that focus on a single joint component and underscores the 

need for tools capable of comprehensively assessing all involved tissues to capture the true 

pathophysiological state of the disease. 

Research Gap and Rationale 

The traditional diagnostic pathway for OA relies heavily on clinical evaluation combined 

with conventional radiography.12 While widely accessible, radiography has inherent limitations; it 

cannot directly visualize cartilage, instead providing an indirect measure of cartilage health through 

the assessment of joint space narrowing (JSN).12 Consequently, radiography is insensitive to early-

stage changes in cartilage biochemical composition or focal morphological damage, and it is 

incapable of detecting crucial soft-tissue pathologies such as synovial inflammation or meniscal 

lesions.12 This "research gap" between what can be seen on a radiograph and what is actually 

occurring within the joint has been a primary driver for the development and investigation of more 

advanced imaging modalities. 

Objectives and Novelty 

This systematic review aims to comprehensively evaluate, analyze, and synthesize the 
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current evidence regarding the various imaging techniques used in the assessment of OA. The 

primary objectives are: 

1. To evaluate the role, advantages, and limitations of each major imaging modality. 

2. To analyze the comparative diagnostic performance of these modalities for key structural and 

inflammatory features of OA. 

3. To examine the complex relationship between structural damage detected by imaging and the 

clinical symptoms experienced by patients. 

4. To synthesize findings in the context of current clinical practice guidelines and future research 

directions. 

The novelty of this review lies in its detailed synthesis of outcomes across multiple 

modalities, focusing on the clinical significance of specific imaging biomarkers and providing a 

robust analysis of the evidence that supports the transition toward a more nuanced, imaging-guided 

approach to OA management. 

Hypothesis 

We hypothesize that advanced imaging modalities, particularly Magnetic Resonance 

Imaging (MRI) and ultrasound, will demonstrate significantly higher sensitivity and provide greater 

prognostic value for clinical outcomes (such as pain and disease progression) compared to 

conventional radiography. We further hypothesize that specific imaging features, such as bone 

marrow lesions (BMLs) and synovitis, will emerge as key predictors of patient-relevant outcomes, 

supporting the concept of distinct OA phenotypes. 

METHODS 

Search Strategy and Study Selection 

This systematic review was conducted based on a comprehensive search of medical 

literature databases for studies published up to 2024. The search focused on identifying original 
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research, including longitudinal, cross-sectional, and comparative studies, that evaluated the use of 

one or more imaging modalities (radiography, MRI, CT, ultrasound) for the diagnosis, assessment, 

or monitoring of osteoarthritis, primarily of the knee and hand.  

Search Strategy 

The keywords used for this research based PICO :  

Element Keyword 1 Keyword 2 Keyword 3 Keyword 4 

Population (P) Osteoarthritis OA Patients 
Degenerative 

Joint Disease 

Joint 

Degeneration 

Intervention (I) 
Advanced 

Imaging 

Diagnostic 

Imaging 

Imaging 

Modalities 

Magnetic 

Resonance 

Imaging (MRI) 

Comparison (C) 
Conventional 

Radiography 
X-ray Standard Imaging 

Plain 

Radiography 

Outcome (O) 
Osteoarthritis 

Assessment 

Disease 

Progression 

Diagnostic 

Performance 

Imaging 

Biomarkers 

 

The Boolean MeSH keywords inputted on databases for this research are: ("Osteoarthritis" 

OR "OA Patients" OR "Degenerative Joint Disease" OR "Joint Degeneration") AND ("Advanced 

Imaging" OR "Diagnostic Imaging" OR "Imaging Modalities" OR "Magnetic Resonance Imaging 

(MRI)") AND ("Conventional Radiography" OR "X-ray" OR "Standard Imaging" OR "Plain 

Radiography") AND ("Osteoarthritis Assessment" OR "Disease Progression" OR "Diagnostic 

Performance" OR "Imaging Biomarkers"). 
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Table 1. Article Search Strategy 

Database Keywords Hits 

Pubmed ("Osteoarthritis" OR "OA Patients" OR "Degenerative Joint 
Disease" OR "Joint Degeneration") AND ("Advanced Imaging" OR 
"Diagnostic Imaging" OR "Imaging Modalities" OR "Magnetic 
Resonance Imaging (MRI)") AND ("Conventional Radiography" OR 
"X-ray" OR "Standard Imaging" OR "Plain Radiography") AND 
("Osteoarthritis Assessment" OR "Disease Progression" OR 
"Diagnostic Performance" OR "Imaging Biomarkers") 

282 

Semantic 

Scholar 

("Osteoarthritis" OR "OA Patients" OR "Degenerative Joint 
Disease" OR "Joint Degeneration") AND ("Advanced Imaging" OR 
"Diagnostic Imaging" OR "Imaging Modalities" OR "Magnetic 
Resonance Imaging (MRI)") AND ("Conventional Radiography" OR 
"X-ray" OR "Standard Imaging" OR "Plain Radiography") AND 
("Osteoarthritis Assessment" OR "Disease Progression" OR 
"Diagnostic Performance" OR "Imaging Biomarkers") 

254 

Springer ("Osteoarthritis" OR "OA Patients" OR "Degenerative Joint 
Disease" OR "Joint Degeneration") AND ("Advanced Imaging" OR 
"Diagnostic Imaging" OR "Imaging Modalities" OR "Magnetic 
Resonance Imaging (MRI)") AND ("Conventional Radiography" OR 
"X-ray" OR "Standard Imaging" OR "Plain Radiography") AND 
("Osteoarthritis Assessment" OR "Disease Progression" OR 
"Diagnostic Performance" OR "Imaging Biomarkers") 

1,594 

Google 
Scholar 

("Osteoarthritis" OR "OA Patients" OR "Degenerative Joint 
Disease" OR "Joint Degeneration") AND ("Advanced Imaging" OR 
"Diagnostic Imaging" OR "Imaging Modalities" OR "Magnetic 
Resonance Imaging (MRI)") AND ("Conventional Radiography" OR 
"X-ray" OR "Standard Imaging" OR "Plain Radiography") AND 
("Osteoarthritis Assessment" OR "Disease Progression" OR 
"Diagnostic Performance" OR "Imaging Biomarkers") 

9,680 

Wiley 
Online 
Library 

("Osteoarthritis" OR "OA Patients" OR "Degenerative Joint 
Disease" OR "Joint Degeneration") AND ("Advanced Imaging" OR 
"Diagnostic Imaging" OR "Imaging Modalities" OR "Magnetic 
Resonance Imaging (MRI)") AND ("Conventional Radiography" OR 
"X-ray" OR "Standard Imaging" OR "Plain Radiography") AND 
("Osteoarthritis Assessment" OR "Disease Progression" OR 
"Diagnostic Performance" OR "Imaging Biomarkers") 

1,380 



 

   Research Article                                                              Volume 16, Issue No. 07. 2025 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

 

80 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

 

` 

Figure 1. Article search flowchart 
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PubMed (n = 282) 

Springer (n = 1,594) 
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Google Scholar (n = 9,680) 

Wiley Online Library (n = 1,380) 
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Data Extraction and Risk of Bias Assessment 

Data were extracted from the included studies to populate a characteristics table (Table 1), 

detailing the study design, sample size, patient demographics, imaging techniques used, and key 

findings. A risk of bias assessment was performed for key studies using a framework adapted from 

the Cochrane Risk of Bias tool.16 The assessment focused on critical domains including patient 

selection, blinding of assessors, clarity of inclusion/exclusion criteria, and the use of validated 

outcome measures. The results of this assessment are summarized in Table 2. 

Table 2: Cochrane Risk of Bias Assessment for Selected Key Studies 

First 

Author, 

Year 

Rando

m 

Sequen

ce 

Genera

tion 

Allocati

on 

Concea

lment 

Blindin

g of 

Assesso

rs 

Incomp

lete 

Outco

me 

Data 

Selectiv

e 

Reporti

ng 

Other Bias (e.g., 

Selection, Validated 

Measures) 

Overall 

Risk of 

Bias 

Felson, 

2001  
N/A 

(Observ

ational) 

N/A 

(Observ

ational) 

Unclear  
Low Low 

High (Selection method 

not specified; 

inclusion/exclusion 

criteria not detailed)  

High 

Amin, 

2005  
N/A 

(Observ

ational) 

N/A 

(Observ

ational) 

Unclear  
Low Low 

High (Selection method 

not specified; 

validation of scoring 

not detailed)  

High 
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First 

Author, 

Year 

Rando

m 

Sequen

ce 

Genera

tion 

Allocati

on 

Concea

lment 

Blindin

g of 

Assesso

rs 

Incomp

lete 

Outco

me 

Data 

Selectiv

e 

Reporti

ng 

Other Bias (e.g., 

Selection, Validated 

Measures) 

Overall 

Risk of 

Bias 

Hunter, 

2006  
N/A 

(Observ

ational) 

N/A 

(Observ

ational) 

Unclear  
Low Low 

High (Selection method 

not specified; 

validation of scoring 

not detailed)  

High 

Tanam

as, 

2010  

N/A 

(Observ

ational) 

N/A 

(Observ

ational) 

Unclear  
Low Low 

High (Recruitment 

method not specified; 

inclusion/exclusion 

criteria not detailed)  

High 

Krasno

kutsky, 

2011  

N/A 

(Observ

ational) 

N/A 

(Observ

ational) 

Unclear  
Low Low 

High (Selection method 

not specified; 

inclusion/exclusion 

criteria not detailed)  

High 

Guerm

azi, 

2012  

Low 

(Rando

m digit 

dialing) 

N/A 

(Observ

ational) 

Low 

(Blinde

d 

readers 

for both 

Low Low 
Moderate (Potential for 

self-selection bias)  
Modera

te 



 

   Research Article                                                              Volume 16, Issue No. 07. 2025 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

 

83 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

 

First 

Author, 

Year 

Rando

m 

Sequen

ce 

Genera

tion 

Allocati

on 

Concea

lment 

Blindin

g of 

Assesso

rs 

Incomp

lete 

Outco

me 

Data 

Selectiv

e 

Reporti

ng 

Other Bias (e.g., 

Selection, Validated 

Measures) 

Overall 

Risk of 

Bias 

X-ray 

and 

MRI)  

Sarma

nova, 

2014  

N/A 

(Observ

ational) 

N/A 

(Observ

ational) 

Modera

te 

(Radiog

rapher 

blinded; 

US 

assessor 

not 

blinded 

to 

clinical 

data)  

Low Low 
High (Convenience 

sampling from prior 

studies; unbalanced 

groups)  

High 

Haugen

, 2017  
N/A 

(Observ

N/A 

(Observ

Unclear  
Low Low 

High (Selection method 

and inclusion/exclusion 

High 
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First 

Author, 

Year 

Rando

m 

Sequen

ce 

Genera

tion 

Allocati

on 

Concea

lment 

Blindin

g of 

Assesso

rs 

Incomp

lete 

Outco

me 

Data 

Selectiv

e 

Reporti

ng 

Other Bias (e.g., 

Selection, Validated 

Measures) 

Overall 

Risk of 

Bias 

ational) ational) criteria not specified)  

Morten

sen, 

2021  

N/A 

(Observ

ational) 

N/A 

(Observ

ational) 

Modera

te 

(Radiog

raphs 

anonym

ized; 

MRI 

blinding 

not 

stated)  

Low Low 
Moderate 

(Convenience sampling 

based on ward 

capacity)  

Modera

te 

Suwal, 

2024  
N/A 

(Observ

ational) 

N/A 

(Observ

ational) 

Low 

(US 

operator 

blinded 

to 

radiogra

Low Low 
Moderate 

(Convenience sampling 

from a single tertiary 

center)  

Modera

te 
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First 

Author, 

Year 

Rando

m 

Sequen

ce 

Genera

tion 

Allocati

on 

Concea

lment 

Blindin

g of 

Assesso

rs 

Incomp

lete 

Outco

me 

Data 

Selectiv

e 

Reporti

ng 

Other Bias (e.g., 

Selection, Validated 

Measures) 

Overall 

Risk of 

Bias 

ph 

findings

)  

N/A: Not Applicable for observational study design. 

RESULTS 

Study Characteristics 

The systematic search yielded a range of studies investigating various imaging modalities in 

OA. The key studies selected for in-depth analysis are summarized in Table 1 (presented in the 

initial report). These studies encompass comparative diagnostic assessments, longitudinal cohort 

studies examining disease progression, and cross-sectional analyses correlating imaging findings 

with clinical symptoms. The primary joints studied were the knee and hand, reflecting the high 

prevalence of OA in these locations. 

Synthesis of Findings: Key Imaging Outcomes 

The analysis focused on over 15 distinct structural and clinical outcomes evaluated across 

the included studies. The results are synthesized below, organized by key pathological features. 

Outcome 1: Cartilage Assessment (Volume, Thickness, Defects, and JSN) 



 

   Research Article                                                              Volume 16, Issue No. 07. 2025 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

 

86 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

 

The assessment of articular cartilage is a central outcome in OA imaging. MRI stands out 

for its ability to directly visualize and quantify cartilage morphology.22 

● Direct vs. Indirect Measurement: MRI allows for direct, quantitative measurement of 

cartilage volume and thickness, which are considered highly reproducible and sensitive 

endpoints for longitudinal studies.22 In contrast, radiography relies on JSN as an indirect 

surrogate for cartilage loss.12 

● Longitudinal Correlation: While cross-sectional studies show a moderate correlation 

between JSN and MRI-measured cartilage volume, this relationship breaks down over time. 

Multiple longitudinal studies have demonstrated a poor or non-existent correlation between the 

change in JSN and the change in cartilage volume.26 

● Diagnostic Sensitivity: Radiography is profoundly insensitive to detecting actual cartilage 

loss. A landmark longitudinal study by Amin et al. (2005) found that while radiographic 

progression was highly specific (91%) for MRI-detected cartilage loss, its sensitivity was only 

23%.12 This means that approximately 77% of patients with quantifiable cartilage loss on MRI 

show no corresponding progression on their radiographs over the same period.1 

● Rate of Cartilage Loss: Longitudinal MRI studies have quantified the rate of cartilage volume 

loss in adults, with estimates ranging from 1.5% to 4.2% per annum in a general adult 

population 27 and 4% to 6% per annum in OA cohorts.28 

Outcome 2: Bone Marrow Lesions (BMLs) 

BMLs, defined as ill-defined hyperintense signals on fluid-sensitive MRI sequences, have 

emerged as one of the most clinically significant imaging biomarkers in OA.29 

● Prevalence: BMLs are highly prevalent in symptomatic OA, with studies reporting their 

presence in 57% to 77.5% of patients.2 

● Association with Pain: A strong, consistent association exists between the presence of BMLs 

and knee pain. Felson et al. (2001) found BMLs in 77.5% of painful knees compared to only 

30% of painless knees.2 This link is plausible as, unlike aneural cartilage, the subchondral bone 
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is richly innervated.30 

● Prediction of Structural Progression: BMLs are powerful predictors of subsequent structural 

decline. The presence and size of baseline BMLs are significantly associated with accelerated 

cartilage volume loss and radiographic progression.18 An increase in BML size over time is 

particularly strongly linked to faster cartilage degradation.18 

● Prediction of Joint Replacement: The clinical importance of BMLs is underscored by their 

ability to predict the need for total knee arthroplasty. Tanamas et al. (2010) reported that for 

every one-point increase in BML severity score, the odds of requiring a knee joint replacement 

over four years increased by 57% (Odds Ratio 1.57, 95% CI 1.04–2.35).3 

Outcome 3: Synovitis and Effusion 

The inflammatory component of OA, primarily synovitis and effusion, is best visualized 

using ultrasound or contrast-enhanced MRI.34 

● Detection: Ultrasound is highly sensitive for detecting joint effusion and synovial hypertrophy. 

The use of Power Doppler can further distinguish active, hypervascular synovitis from 

inactive, fibrotic thickening.34 

● Correlation with Radiographic Severity: The degree of synovitis is not merely an 

inflammatory feature but also correlates with structural damage. Krasnokutsky et al. (2011) 

demonstrated that quantitative synovial volume on MRI was significantly associated with both 

the Kellgren/Lawrence (K/L) grade (β=0.78) and the JSN score (β=0.53).19 

● Correlation with Pain: The relationship between synovitis/effusion and pain is complex. 

While some studies show a significant association 39, others report only a modest correlation (r 

≈ 0.3).20 Furthermore, longitudinal studies have found that while an increase in synovitis may 

correlate with increased pain, a decrease in synovitis is not always accompanied by a parallel 

reduction in pain.20 

Outcome 4: Osteophytes 



 

   Research Article                                                              Volume 16, Issue No. 07. 2025 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

 

88 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

 

Osteophytes are a hallmark feature of OA, detectable by all modalities. 

● Comparative Sensitivity: MRI and ultrasound are significantly more sensitive than 

radiography for osteophyte detection.41 In hand OA, MRI detected approximately twice as 

many joints with osteophytes as conventional radiography (CR).42 A recent study by Suwal et 

al. (2024) found the mean number of osteophytes detected by ultrasound was significantly 

higher than by radiographs (4.04 vs. 2.34, P < 0.001).7 

● Prevalence in Pre-Radiographic OA: MRI reveals a remarkably high prevalence of 

osteophytes (74%) in the knees of individuals aged >50 who have no radiographic evidence of 

OA (K-L grade 0).8 

Additional Structural Outcomes 

● Meniscal Pathology: MRI is the gold standard for meniscal tears, while ultrasound is reliable 

for identifying meniscal extrusion, a key predictor of OA progression.5 

● Subchondral Cysts and Bone Attrition: These features, best visualized on MRI and CT, are 

typically associated with more advanced disease. Longitudinal assessment shows that 

progression of subchondral cysts is significantly associated with worsening clinical 

symptoms.45 

● Ligament Lesions: MRI is unique in its ability to assess ligamentous integrity, with 

abnormalities being a less common but important feature of the overall joint pathology.41 

Synthesis of Key Findings in Tabular Format 

To summarize the extensive outcomes, the following tables synthesize the evidence on the 

clinical relevance of key MRI features and the comparative diagnostic performance of different 

modalities. 

Table 3: Association of Key MRI and Ultrasound Features with Clinical Outcomes 
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Imaging 

Feature 

Modality Associated 

Clinical 

Outcome 

Key Quantitative Finding 

Bone Marrow 

Lesions 

(BMLs) 

MRI Knee Pain Present in 77.5% of painful knees vs. 

30% of painless knees (P<0.001). 

 

MRI Cartilage Loss An increase in BML size is strongly 

associated with worsening of the 

cartilage score. 

 

MRI Joint 

Replacement 

Risk increases with BML score (OR 1.57 

per 1-point increase in severity). 

Synovitis / 

Effusion 

MRI Radiographic 

Severity 

Quantitative synovial volume strongly 

correlates with K/L grade (β=0.78) and 

JSN score (β=0.53). 

 

Ultrasound Knee Pain Modest but significant correlation 

between effusion/synovial hypertrophy 

and pain VAS scores (r = 0.3). 

Cartilage MRI Joint Trend towards significant association 
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Volume Loss Replacement between change in cartilage volume and 

joint replacement (OR=9.0). 

JSN 

Progression 

Radiography Joint 

Replacement 

No significant association between 

change in JSN and joint replacement 

(OR=1.1). 

Subchondral 

Cysts 

MRI Worsening 

Symptoms 

Progression of subchondral cysts was 

significantly associated with worsening 

symptoms (p=0.030). 

 

Table 4: Comparative Diagnostic Performance of Imaging Modalities for Key OA Features 

Feature Comparison Key 

Performance 

Metric 

Finding 

Cartilage Loss MRI vs. 

Radiography 

Sensitivity / 

Specificity 

Radiography is insensitive (23%) but 

specific (91%) for MRI-detected 

cartilage loss. 

 

MRI vs. 

Radiography 

Prevalence MRI shows higher prevalence of 

cartilage loss (60%) vs. radiography 

(35%) and CT (25%) in the lateral 
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compartment. 

Osteophytes Ultrasound vs. 

Radiography 

Mean Count Ultrasound detects significantly more 

osteophytes than radiography (mean 4.04 

vs 2.34). 

 

MRI vs. 

Radiography 

Detection Rate MRI detects approximately twice as 

many joints with osteophytes compared 

to CR in hand OA. 

 

CT vs. 

Radiography 

Detection Rate In the medial compartment, CT showed 

osteophytes in 100% of knees vs. 60% 

for radiography. 

Meniscal 

Extrusion 

Ultrasound vs. 

Radiography 

Diagnostic 

Performance 

Ultrasound performs significantly better 

than radiography in the detection of 

medial meniscal extrusion. 

Overall 

Progression 

MRI vs. 

Radiography 

(Hand OA) 

Agreement (κ) Good agreement (κ = 0.61) between 

modalities for detecting patients with 

disease progression over 5 years. 

Synovitis Ultrasound vs. 

MRI 

Sensitivity / 

Specificity 

Ultrasound demonstrates high sensitivity 

(0.88) but moderate specificity (0.70) for 
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synovitis, using MRI as reference. 

Effusion Ultrasound vs. 

MRI 

Sensitivity / 

Specificity 

Ultrasound demonstrates high sensitivity 

(0.90) and high specificity (0.86) for 

effusion, using MRI as reference. 

 

Imaging Findings in Asymptomatic and Pre-Radiographic Populations 

A critical finding from large population-based studies is the high prevalence of OA-like 

structural abnormalities in individuals who are asymptomatic or have radiographically "normal" 

knees. 

● High Prevalence of Abnormalities: In a seminal study by Guermazi et al. (2012) on 710 

individuals over age 50 with K-L grade 0 knees, a staggering 89% had at least one abnormality 

on MRI.8 The most common findings were osteophytes (74%), cartilage damage (69%), and 

BMLs (52%).8 

● Clinic-Radiological Discordance: Crucially, these abnormalities were highly prevalent in 

both individuals reporting knee pain (90-97%) and those who were completely asymptomatic 

(86-88%).8 This profound discordance challenges a simple biomedical model where structural 

damage directly equates to pain and highlights the danger of over-interpreting incidental 

findings on MRI. 

DISCUSSION 

Interpretation of Results and Clinical Implications 

The results of this review confirm that advanced imaging has fundamentally changed the 

understanding of OA from a simple cartilage disease to a complex, whole-organ pathology. The 
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synthesized evidence highlights a clear hierarchy of imaging utility. While radiography remains the 

pragmatic first-line tool in routine clinical practice as recommended by EULAR and ACR 

guidelines 49, its limitations are stark. It is a poor tool for monitoring disease progression and is 

insensitive to the early, soft-tissue-driven pathologies that are now understood to be critical drivers 

of the disease.12 

The strong predictive power of features visible only on MRI, such as BMLs and synovitis, 

for clinically relevant outcomes like pain and joint replacement, represents a significant finding.2 

This creates a compelling argument for the concept of OA phenotyping. Patients may present with 

different underlying drivers of their disease—some may have a "bone-driven" phenotype with 

prominent BMLs, while others may have an "inflammatory" phenotype dominated by synovitis. 

The ability to distinguish these subtypes via advanced imaging is a critical step toward personalized 

medicine, where future disease-modifying OA drugs (DMOADs) could be targeted to the specific 

pathology driving an individual patient's disease.52 

The Challenge of Clinic-Radiological Discordance 

The high prevalence of MRI-detected abnormalities in asymptomatic, radiographically 

normal individuals is one of the most challenging and important findings in modern OA research.8 

This phenomenon underscores that structural change is not the sole determinant of pain in OA and 

warns against the indiscriminate use of MRI for diagnosing knee pain in older adults. An incidental 

finding of a degenerative meniscal tear or cartilage defect, which is common in asymptomatic peers, 

can lead to unnecessary patient anxiety and a cascade of potentially harmful and ineffective 

interventions, such as arthroscopy. The central challenge for future research is therefore not just to 

detect lesions, but to differentiate which lesions, or combinations of lesions, are clinically 

significant and which represent common, age-related changes. 
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CONCLUSION 

This systematic review confirms the evolving and dynamic landscape of osteoarthritis 

imaging. Each modality possesses a distinct, complementary role, with the optimal choice 

dependent on the specific clinical question. Radiography remains an indispensable first-line tool for 

initial diagnosis due to its accessibility and cost-effectiveness. Ultrasound has established a crucial 

role for point-of-care assessment of soft-tissue inflammation and for guiding interventional 

procedures. At the apex of this hierarchy, MRI is the undisputed gold standard for research and 

complex clinical cases, offering unparalleled whole-organ assessment and critical insights into 

early-stage pathology. 

Collectively, these imaging advancements have propelled a fundamental shift from merely 

detecting end-stage disease features to characterizing distinct disease phenotypes and identifying 

biomarkers that meaningfully predict clinical outcomes. Features such as bone marrow lesions and 

synovitis, once invisible, are now understood to be key drivers of symptoms and progression. The 

future of OA imaging lies in the rigorous validation and thoughtful integration of these advanced 

biomarkers into clinical trials and, ultimately, routine practice. Powered by ongoing technological 

progress and the transformative potential of artificial intelligence, the ultimate goal is to transition 

from a "one-size-fits-all" approach to an era of personalized, imaging-guided OA management, 

where therapeutic interventions are tailored to target the specific pathophysiological mechanisms 

driving the disease in each individual patient. 
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