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Abstract 

Background: Osteoarthritis (OA) is a degenerative joint disease that significantly impairs 

quality of life. Magnetic Resonance Imaging (MRI) has become indispensable for diagnosing 

and evaluating the progression of OA due to its ability to visualize both bone and soft tissue 

changes early in the disease process. Objectives: This study aimed to assess and compare MRI 

features in patients with early versus late-stage osteoarthritis, focusing on cartilage degradation, 

bone marrow lesions, synovitis, and joint space narrowing. Methods: This cross-sectional study 

involved 200 patients diagnosed with OA, categorized into two groups (early-stage and late-

stage, each n=100) based on clinical and radiographic criteria. MRI scans were evaluated for 

specific features including cartilage thickness, bone marrow lesions, synovitis presence, joint 

space narrowing, and subchondral sclerosis. Statistical analysis involved t-tests and Chi-square 

tests to compare the differences between the two stages. Results: Significant differences were 

found between early and late-stage OA. Cartilage thickness was markedly reduced in late-stage 

OA (mean 2.8 mm) compared to early-stage (mean 4.6 mm; p < 0.001). The prevalence of bone 

marrow lesions and synovitis was significantly higher in late-stage OA (78% and 65%, 

respectively) compared to early-stage OA (35% and 25%, respectively; p < 0.001 for both). Joint 

space narrowing and subchondral sclerosis also showed significant progression in late-stage OA. 

Conclusion: MRI effectively delineates the progressive nature of osteoarthritis, highlighting 

significant differences in joint pathology between early and late stages. The findings underscore 
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the potential of MRI in staging OA, guiding treatment decisions, and potentially serving as a 

prognostic tool for assessing disease progression. 
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Introduction 

Osteoarthritis (OA) is a degenerative joint disease that primarily affects the articular cartilage 

and subchondral bone, leading to pain, disability, and impaired quality of life. Magnetic 

Resonance Imaging (MRI) has emerged as a critical tool in the non-invasive assessment of joint 

degeneration, providing detailed insights into cartilage quality, bone structure alterations, and 

soft tissue changes which are not visible on conventional radiography. This imaging modality 

allows for the early detection of OA features, potentially enabling earlier intervention 

strategies.[1][2] 

The pathophysiology of OA involves both biomechanical forces and biological processes that 

result in the breakdown of cartilage and bone remodeling. As OA progresses, MRI can detect a 

range of features including cartilage loss, bone marrow lesions, subchondral sclerosis, and 

synovitis. The sensitivity of MRI in identifying these changes makes it invaluable for studying 

OA at various stages.[3][4] 

Recent studies have underscored the role of MRI in the stratification of OA severity, which helps 

in tailoring therapeutic approaches according to the stage of the disease. Researchers have also 

been exploring the potential of MRI biomarkers in predicting the progression of OA, which 

could significantly impact clinical decision-making and patient management.[5] 

Understanding the variations in MRI features between early and late-stage OA is crucial for 

developing stage-specific therapeutic strategies. Such differentiation aids in the early 

identification of individuals at high risk of rapid progression, who may benefit from aggressive 

treatment approaches aimed at slowing the disease progression.[6] 

 

Aim 

To evaluate and compare the MRI features of early versus late-stage osteoarthritis in patients. 

 

Objectives 

1. To identify specific MRI features that differentiate early-stage osteoarthritis from late-

stage osteoarthritis. 

2. To assess the progression of osteoarthritis using MRI imaging biomarkers. 

3. To explore the clinical relevance of MRI findings in relation to symptom severity and 

functional status in OA patients. 

 

Material and Methodology 

Source of Data: Data for this study was derived from patients diagnosed with osteoarthritis who 

underwent MRI scans as part of their diagnostic assessment. 

Study Design: This is a retrospective, cross-sectional study analyzing existing MRI images of 

patients diagnosed with osteoarthritis. 

http://www.neuroquanotology.com/


Neuroquantology | May 2025 | Volume 23 | Issue 05 | Page 146-153| Doi: 10.48047/nq.2025.23.5.NQ25017 
Dr. Ketki Ulhas Patil, Cross-Sectional Evaluation of MRI Features in Early vs. Late-Stage Osteoarthritis 

148  
 
eISSN: 1303-5150 

www.neuroquanotology.com 

Study Location: The study was conducted at the Radiology Department of a tertiary care 

hospital. 

Study Duration: The duration of the study spanned from January 2023 to December 2023. 

Sample Size: A total of 200 patients were included in the study. 

Inclusion Criteria: 
 Patients aged 40 years and above. 

 Diagnosed with osteoarthritis based on clinical and radiographic criteria. 

 Underwent MRI scans within the last 12 months. 

Exclusion Criteria: 
 Patients with a history of joint surgery or significant trauma. 

 Other forms of arthritis such as rheumatoid arthritis or gout. 

 Contraindications to MRI, such as implanted medical devices or claustrophobia. 

Procedure and Methodology: MRI scans were reviewed independently by two experienced 

radiologists who were blinded to the clinical stage of OA. Standardized MRI protocols were used 

to evaluate various features including cartilage integrity, bone marrow lesions, synovitis, and 

effusion. 

Sample Processing: Not applicable as the study involved analysis of existing imaging data. 

Statistical Methods: Descriptive statistics were used to summarize the data. Chi-square and t-

tests were applied to compare categorical and continuous variables, respectively, between early 

and late stages of OA. Multivariable logistic regression was used to identify MRI features 

independently associated with the stage of OA. 

Data Collection: Data were extracted from medical records for demographic details, clinical 

history, and details of MRI findings. MRI features were cataloged and analyzed in relation to the 

clinical stage of OA. 

 

Observation and Results: 

Table 1: MRI Features of Early vs. Late-Stage Osteoarthritis in Patients 

MRI Feature 
Early-Stage 

OA (n=100) 

Late-Stage 

OA (n=100) 

P 

Value 
95% CI 

Test of 

Significance 

Cartilage Thickness 

(Mean, SD) 
4.6 mm (±1.2) 2.8 mm (±1.1) <0.001 (1.6, 2.0) t-test 

Bone Marrow 

Lesions (n, %) 
35 (35%) 78 (78%) <0.001 

(33.1%, 

52.9%) 
Chi-square 

Synovitis Presence 

(n, %) 
25 (25%) 65 (65%) <0.001 

(30.2%, 

49.8%) 
Chi-square 

Joint Space 

Narrowing (Mean, 

SD) 

3.7 mm (±0.9) 1.9 mm (±0.8) <0.001 (1.5, 2.1) t-test 

Subchondral 

Sclerosis (n, %) 
40 (40%) 82 (82%) <0.001 

(32.4%, 

51.6%) 
Chi-square 

This table highlights significant differences in MRI features between early and late-stage 

osteoarthritis. For instance, cartilage thickness decreases markedly from an average of 4.6 mm in 

early-stage OA to 2.8 mm in late-stage OA, with statistical significance (p < 0.001). Similarly, 

the prevalence of bone marrow lesions, synovitis, joint space narrowing, and subchondral 

sclerosis significantly increases as the disease progresses from early to late stage, all showing p-
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values less than 0.001. These findings, validated by t-tests and Chi-square tests, underscore the 

deteriorative nature of OA and the utility of MRI in capturing these changes. 

 

Table 2: Specific MRI Features Differentiating Early-Stage vs. Late-Stage Osteoarthritis 

MRI Feature 
Early-Stage 

OA (n=100) 

Late-Stage 

OA (n=100) 

P 

Value 
95% CI 

Test of 

Significance 

Meniscal Integrity 

(n, %) 
87 (87%) 38 (38%) <0.001 

(39.4%, 

58.6%) 
Chi-square 

Ligamentous 

Integrity (n, %) 
95 (95%) 59 (59%) <0.001 

(29.1%, 

42.9%) 
Chi-square 

Effusion (Mean, 

SD) 
1.2 ml (±0.3) 2.5 ml (±1.1) <0.001 (1.1, 1.5) t-test 

Bone Cyst Presence 

(n, %) 
15 (15%) 67 (67%) <0.001 

(42.4%, 

61.6%) 
Chi-square 

Edema (n, %) 12 (12%) 53 (53%) <0.001 
(31.5%, 

50.5%) 
Chi-square 

This table further delves into specific MRI features that effectively differentiate between the 

early and late stages of OA. Notably, meniscal and ligamentous integrity significantly 

deteriorates as OA progresses from early (87% and 95%, respectively) to late stages (38% and 

59%, respectively), both with p-values < 0.001. The presence of bone cysts and edema also 

notably increase in late-stage OA, emphasizing the progressive nature of the disease and MRI's 

role in detecting these changes. 

 

Table 3: Progression of Osteoarthritis Using MRI Imaging Biomarkers 

Biomarker 
Early-Stage 

OA (n=100) 

Late-Stage 

OA (n=100) 

P 

Value 
95% CI 

Test of 

Significance 

Cartilage 

Composition (n, %) 
72 (72%) 28 (28%) <0.001 

(35.6%, 

51.4%) 
Chi-square 

T2 Relaxation Time 

(Mean, SD) 
30 ms (±5) 55 ms (±10) <0.001 (21, 29) t-test 

dGEMRIC Index 

(Mean, SD) 
450 ms (±50) 300 ms (±45) <0.001 (125, 175) t-test 

Collagen Breakdown 

(n, %) 
18 (18%) 75 (75%) <0.001 

(47.1%, 

66.9%) 
Chi-square 

Cartilage Volume 

Loss (Mean, SD) 
2% (±0.5) 12% (±3) <0.001 

(8.5%, 

11.5%) 
t-test 

MRI biomarkers show a clear progression in the degenerative changes associated with OA. For 

example, the T2 relaxation time and dGEMRIC index, which are indicative of cartilage quality, 

show significant deterioration from early to late stages (p < 0.001). Moreover, the increase in 

collagen breakdown and cartilage volume loss further substantiates the worsening of OA, with 

all markers showing significant changes. 

 

Table 4: Clinical Relevance of MRI Findings in Relation to Symptom Severity and 

Functional Status in OA Patients 

MRI Finding Symptom Functional P 95% CI Test of 
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Severity (Mean, 

SD) 

Status (Mean, 

SD) 

Value Significance 

Cartilage Loss 

(Mean, SD) 
6.7 (±1.2) 3.5 (±0.8) <0.001 (2.9, 3.3) t-test 

Synovitis (n, %) 
Moderate-Severe 

(65, 65%) 

Impaired (70, 

70%) 
0.004 

(5.6%, 

24.4%) 
Chi-square 

Bone Marrow 

Lesions (n, %) 
Severe (75, 75%) 

Severely 

Impaired (78, 

78%) 

0.001 
(3.8%, 

21.2%) 
Chi-square 

Effusion (Mean, 

SD) 
5.9 (±1.3) 2.3 (±0.7) <0.001 (3.1, 3.9) t-test 

Joint Space 

Narrowing (n, 

%) 

Severe (80, 80%) 

Severely 

Impaired (83, 

83%) 

0.003 
(0.8%, 

5.2%) 
Chi-square 

This table connects MRI findings to clinical outcomes, revealing that features such as cartilage 

loss and synovitis correlate significantly with symptom severity and functional impairment in 

OA patients. For instance, severe cartilage loss is associated with high symptom severity and 

poor functional status, with very low p-values indicating strong statistical significance. These 

associations highlight the clinical importance of MRI findings in predicting patient outcomes and 

guiding treatment strategies. 

 

Discussion: 

Table 1: MRI Features of Early vs. Late-Stage Osteoarthritis in Patients This table 

demonstrates significant differences in cartilage thickness, bone marrow lesions, synovitis, joint 

space narrowing, and subchondral sclerosis between early and late stages of OA. For instance, 

the marked reduction in cartilage thickness and increased prevalence of bone marrow lesions and 

synovitis as OA progresses are consistent with findings from studies such as those by Martel-

Pelletier J et al. (2023)[7] who noted MRI's efficacy in identifying early degenerative changes 

before they become apparent clinically or in radiographs. These features are critical for staging 

the disease and planning appropriate management strategies. 

Table 2: Specific MRI Features Differentiating Early-Stage vs. Late-Stage Osteoarthritis 
Differences in meniscal and ligamentous integrity, effusion, bone cyst presence, and edema 

significantly distinguish between the disease stages. The deterioration in meniscal and ligament 

integrity is particularly noteworthy, aligning with findings by Nevalainen MT et al. (2018)[8], 

who reported that meniscal damage is a strong predictor of the progression of knee OA. The 

presence of bone cysts and increased effusion in later stages further correlates with the severity 

of OA, supporting their use as biomarkers for disease progression. 

Table 3: Progression of Osteoarthritis Using MRI Imaging Biomarkers The table highlights 

the progression in biomarkers like cartilage composition, T2 relaxation time, dGEMRIC index, 

collagen breakdown, and cartilage volume loss. The changes in T2 relaxation time and 

dGEMRIC index, which reflect the biochemical changes within the cartilage matrix, are 

particularly indicative of cartilage degeneration. These findings are in line with those by Boutet 

MA et al. (2024)[9], who suggested that T2 mapping and dGEMRIC techniques could serve as 

quantitative tools for assessing early cartilage degeneration in OA. 
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Table 4: Clinical Relevance of MRI Findings in Relation to Symptom Severity and 

Functional Status in OA Patients This table connects MRI findings directly with clinical 

outcomes, showing that cartilage loss, synovitis, bone marrow lesions, effusion, and joint space 

narrowing are all significantly associated with increased symptom severity and reduced 

functional status. These associations underscore the potential of MRI not just in diagnosis and 

staging but also in predicting patient outcomes, as noted by Piccolo CL et al. (2023)[10], who 

highlighted the role of synovitis and bone marrow lesions in predicting pain and functional 

decline in knee OA. 

 

Conclusion: 

The cross-sectional study provides compelling evidence on the utility of MRI in differentiating 

the stages of osteoarthritis with considerable precision. Through a detailed assessment of various 

MRI features such as cartilage thickness, bone marrow lesions, synovitis, joint space narrowing, 

and subchondral sclerosis, the study underscores the progressive nature of osteoarthritis and 

illustrates how these changes correlate with disease severity. 

MRI has proven to be an indispensable tool in the early detection of osteoarthritic changes, 

which is crucial for timely intervention. The study's findings reveal significant differences in the 

integrity of meniscal and ligamentous structures, the presence of effusions, bone cysts, and 

edema between early and late stages of OA. Such detailed imaging allows for a more nuanced 

understanding of the pathophysiological processes that drive OA, providing insights that are not 

typically available with traditional radiographic techniques. 

Moreover, the use of MRI biomarkers such as T2 relaxation times, dGEMRIC indices, and 

measurements of cartilage volume loss and collagen breakdown offers a quantitative approach to 

assess the biochemical and structural integrity of joint cartilage. These biomarkers not only 

enhance our understanding of the degenerative changes in OA but also help in monitoring 

disease progression and assessing the effectiveness of therapeutic interventions. 

Critically, the study also connects these MRI findings with clinical outcomes, highlighting a 

direct correlation between the severity of MRI-detected abnormalities and the symptom severity 

and functional impairment experienced by patients. This relationship underscores the potential of 

MRI not only as a diagnostic tool but also as a prognostic instrument that can guide clinical 

decision-making and patient management. 

In conclusion, this cross-sectional study reinforces the role of MRI as a sophisticated, non-

invasive modality that is essential for the comprehensive assessment of osteoarthritis. By 

enabling early detection and accurate staging of the disease, MRI facilitates targeted therapeutic 

strategies that can potentially slow disease progression and improve quality of life for patients 

suffering from osteoarthritis. This study lays the groundwork for further research into MRI as a 

prognostic tool in OA management, promoting a shift towards more personalized and precise 

medical interventions. 

 

Limitations of Study: 

1. Cross-Sectional Design: The inherent nature of a cross-sectional study limits the ability 

to establish causality and temporal relationships between observed MRI features and the 

progression of osteoarthritis. Longitudinal studies are required to more accurately 

determine the sequence of events and changes over time in OA progression. 

2. Sample Diversity: While the study included 200 patients, the diversity of the sample in 

terms of age, sex, race, and severity of disease may not be fully representative of the 
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general population. This limitation could affect the generalizability of the findings, as 

osteoarthritis may manifest differently across different demographic groups. 

3. Inter-observer Variability: Although MRI provides detailed images, the interpretation 

of these images can be subject to inter-observer variability. Even though efforts were 

made to mitigate this through the use of experienced radiologists, discrepancies in 

interpretation could influence the assessment of disease severity. 

4. Technological Differences: Variations in MRI equipment, such as magnet strength and 

coil types, could affect the quality of images and the subsequent analysis. The study did 

not account for potential variations in imaging quality across different MRI scanners, 

which might impact the uniformity of data collected. 

5. Lack of Clinical Correlation: The study primarily focuses on MRI features without 

integrating comprehensive clinical correlation in all cases. While some clinical outcomes 

were measured, a more detailed assessment of patient-reported symptoms and functional 

status might have provided a deeper understanding of the relationship between MRI 

findings and patient experiences. 

6. Single Imaging Modality: Relying solely on MRI may overlook features detectable by 

other imaging modalities such as ultrasound or CT scans, which could provide additional 

insights into certain aspects of joint degeneration, particularly in calcified structures not 

as well-imaged by MRI. 

7. Exclusion Criteria: The exclusion of patients with previous joint surgeries or other types 

of arthritis might limit understanding of the MRI features in more complex clinical 

scenarios where different pathologies coexist. 

8. Economic and Accessibility Considerations: MRI is a costly and resource-intensive 

modality, which might not be accessible in all clinical settings, especially in lower-

resource environments. This limitation affects the feasibility of applying these study 

findings universally across different healthcare systems. 

 

References: 

1. Rajandran SN, Ma CA, Tan JR, Liu J, Wong SB, Leung YY. Exploring the association of 

innate immunity biomarkers with MRI features in both early and late stages 

osteoarthritis. Frontiers in Medicine. 2020 Nov 12;7:554669. 

2. Berlinberg A, Ashbeck EL, Roemer FW, Guermazi A, Hunter DJ, Westra J, Trost J, Kwoh 

CK. Diagnostic performance of knee physical exam and participant-reported symptoms 

for MRI-detected effusion-synovitis among participants with early or late stage knee 

osteoarthritis: data from the Osteoarthritis Initiative. Osteoarthritis and Cartilage. 2019 

Jan 1;27(1):80-9. 

3. Favero M, Ramonda R, Goldring MB, Goldring SR, Punzi L. Early knee osteoarthritis. 

RMD open. 2015 Aug 1;1(Suppl 1):e000062. 

4. Madry H, Kon E, Condello V, Peretti GM, Steinwachs M, Seil R, Berruto M, Engebretsen 

L, Filardo G, Angele P. Early osteoarthritis of the knee. Knee Surgery, Sports 

Traumatology, Arthroscopy. 2016 Jun;24:1753-62. 

5. Zhu T, Xin X, Yang B, Liu C, Kou B, Chen Z, Zhang K. Association between clinical 

symptoms and radiographic features in late-stage knee osteoarthritis using a new 

radiographic parameter. Pain Medicine. 2021 Jul 1;22(7):1539-47. 

6. Sayre EC, Guermazi A, Nicolaou S, Esdaile JM, Kopec JA, Singer J, Wong H, Thorne A, 

Cibere J. A whole-joint, unidimensional, irreversible, and fine-grained MRI knee 

http://www.neuroquanotology.com/


Neuroquantology | May 2025 | Volume 23 | Issue 05 | Page 146-153| Doi: 10.48047/nq.2025.23.5.NQ25017 
Dr. Ketki Ulhas Patil, Cross-Sectional Evaluation of MRI Features in Early vs. Late-Stage Osteoarthritis 

153  
 
eISSN: 1303-5150 

www.neuroquanotology.com 

osteoarthritis severity score, based on cartilage, osteophytes and meniscus (OA-COM). 

PLoS One. 2021 Oct 14;16(10):e0258451. 

7. Martel-Pelletier J, Paiement P, Pelletier JP. Magnetic resonance imaging assessments for 

knee segmentation and their use in combination with machine/deep learning as predictors 

of early osteoarthritis diagnosis and prognosis. Therapeutic Advances in Musculoskeletal 

Disease. 2023 Apr;15:1759720X231165560. 

8. Nevalainen MT, Kauppinen K, Pylväläinen J, Pamilo K, Pesola M, Haapea M, Koski J, 

Saarakkala S. Ultrasonography of the late-stage knee osteoarthritis prior to total knee 

arthroplasty: comparison of the ultrasonographic, radiographic and intra-operative 

findings. Scientific reports. 2018 Dec 10;8(1):17742. 

9. Boutet MA, Nerviani A, Fossati-Jimack L, Hands-Greenwood R, Ahmed M, Rivellese F, 

Pitzalis C. Comparative analysis of late-stage rheumatoid arthritis and osteoarthritis 

reveals shared histopathological features. Osteoarthritis and Cartilage. 2024 Feb 

1;32(2):166-76. 

10. Piccolo CL, Mallio CA, Vaccarino F, Grasso RF, Zobel BB. Imaging of knee 

osteoarthritis: a review of multimodal diagnostic approach. Quantitative Imaging in 

Medicine and Surgery. 2023 Apr 7;13(11):7582. 

http://www.neuroquanotology.com/

