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ABSTRACT 
Background: Knee injuries involving meniscal and anterior cruciate ligament tears represent a significant burden 
in orthopedic practice, particularly in young adults. Accurate preoperative diagnosis through magnetic resonance 
imaging can substantially influence surgical planning and patient outcomes. 
Objectives: To evaluate the diagnostic accuracy of MRI findings in predicting meniscal and ACL tears in patients 
presenting with knee trauma, and to identify specific imaging parameters that demonstrate highest sensitivity and 
specificity. 
Methodology: This retrospective cross-sectional study was conducted at M M Institute of Medical Sciences and 
Research, Mullana, Ambala, between July and December 2007. Medical records of 184 patients who underwent 
knee MRI followed by arthroscopy were reviewed. MRI findings including signal intensity changes, morphological 
alterations, and associated bone marrow edema patterns were correlated with arthroscopic findings considered as 
gold standard. Data analysis utilized SPSS version 14.0 with chi-square tests and calculation of sensitivity, 
specificity, and diagnostic accuracy. 
Results: Among 184 patients, meniscal tears were arthroscopically confirmed in 126 cases (68.5%) while ACL 
tears were identified in 89 cases (48.4%). MRI demonstrated sensitivity of 91.3% and specificity of 86.2% for 
meniscal tears. For ACL tears, sensitivity reached 94.4% with specificity of 88.4%. Bone marrow edema pattern 
showed strong association with acute ACL injuries (p<0.001). Combined assessment of multiple MRI parameters 
improved overall diagnostic accuracy to 89.7%. 
Conclusion: MRI proves highly reliable for preoperative assessment of meniscal and ACL pathology in knee trauma 
patients. Integration of multiple imaging criteria enhances diagnostic precision and facilitates appropriate 
management decisions in resource-limited settings. 
 
Keywords: Magnetic resonance imaging, meniscal tears, anterior cruciate ligament, knee trauma, diagnostic 
accuracy 
 

INTRODUCTION 
 
Knee joint injuries constitute one of the most frequent musculoskeletal complaints encountered in clinical practice, 
affecting individuals across various age groups with particular predominance among young active populations. The 
knee's complex anatomical structure, combining stability requirements with considerable mobility demands, 
renders it vulnerable to traumatic insults during sports activities, road traffic accidents, and occupational mishaps. 
Among internal derangements of the knee, meniscal tears and anterior cruciate ligament ruptures represent the 
most clinically significant pathologies, often necessitating surgical intervention when conservative management 
proves inadequate. 
Traditional clinical examination, although valuable, demonstrates inherent limitations in definitively characterizing 
the extent and precise nature of intra-articular knee pathology. Physical examination maneuvers including 
McMurray's test, Lachman test, and anterior drawer test, while useful screening tools, exhibit variable sensitivity 
and specificity that depend considerably on examiner expertise, patient cooperation, and timing relative to injury 
occurrence. Acute knee effusion, muscle guarding, and patient apprehension frequently compromise the reliability 
of clinical assessment, particularly in the immediate post-traumatic period. 
The advent of magnetic resonance imaging revolutionized the diagnostic approach to knee injuries by providing 
non-invasive visualization of both osseous and soft tissue structures with remarkable detail. Unlike conventional 
radiography which primarily demonstrates bony abnormalities and joint effusions, or arthrography which requires 
intra-articular contrast injection with attendant discomfort and potential complications, MRI offers multiplanar 
imaging capability without ionizing radiation exposure. This technology proves particularly advantageous in 
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evaluating meniscal fibrocartilage and cruciate ligaments, structures poorly visualized through other imaging 
modalities. 
In the context of M M Institute of Medical Sciences and Research, located in Mullana, Ambala district of Haryana, 
knee injuries present a substantial clinical challenge. The region's predominantly agricultural economy combined 
with increasing industrial development and road traffic incidents contributes to significant trauma-related 
morbidity. Many patients from rural hinterlands present with delayed diagnosis due to limited access to advanced 
imaging facilities and specialist consultation. Accurate preoperative imaging assessment becomes crucial in this 
setting, enabling appropriate surgical planning, realistic prognostication, and optimal resource utilization in a 
developing healthcare infrastructure. 
The present investigation was undertaken to systematically evaluate the diagnostic performance of MRI in 
identifying meniscal and ACL tears among knee trauma patients, correlating imaging findings with arthroscopic 
observations. Understanding the predictive value of specific MRI parameters in this regional population may 
enhance clinical decision-making, reduce unnecessary arthroscopic interventions, and improve patient outcomes 
through timely appropriate management. 
 

REVIEW OF LITERATURE 
 
Recent literature examining MRI evaluation of knee trauma has demonstrated progressively refined understanding 
of imaging criteria and their clinical correlation. A comprehensive study by Rangger and colleagues investigated 
MRI accuracy in diagnosing meniscal lesions, reporting sensitivity values between 88-95% for medial meniscal 
tears and 79-92% for lateral meniscal injuries when compared against arthroscopic findings (1). Their work 
emphasized the importance of evaluating signal intensity on T2-weighted sequences and morphological contour 
abnormalities as primary diagnostic indicators. 
Investigations focusing on ACL pathology have yielded similarly encouraging results regarding MRI diagnostic 
capabilities. Research conducted by Oei and associates examined multiple MRI parameters including primary and 
secondary signs of ACL disruption, demonstrating that combination of direct visualization of ligament discontinuity 
with associated findings such as bone contusions and joint effusion significantly enhanced diagnostic accuracy (2). 
Their findings suggested that reliance on isolated imaging features might underestimate diagnostic performance 
compared to integrated assessment approaches. 
The significance of bone marrow edema patterns in acute knee trauma has received considerable attention in 
contemporary orthopedic imaging literature. Studies by Spindler and co-workers documented characteristic 
distribution of bone bruising in ACL-deficient knees, with lateral femoral condyle and posterior lateral tibial plateau 
representing the most frequently involved sites (3). These investigators proposed that recognition of typical bone 
marrow injury patterns could serve as valuable adjunctive evidence supporting ACL tear diagnosis, particularly in 
cases where ligament visualization proves technically challenging due to partial tears or oblique injury orientation. 
Technical factors influencing MRI diagnostic performance have been systematically evaluated by various research 
groups. Magee and colleagues compared different field strengths and sequence protocols, concluding that while 
higher field strength magnets generally provide superior spatial resolution, optimized imaging protocols on 1.5 
Tesla systems achieve clinically adequate diagnostic accuracy for routine knee trauma assessment (4). Their 
observations hold particular relevance for institutions in developing regions where access to high-field MRI 
systems remains limited. 
The economic implications of MRI utilization in knee injury evaluation have attracted scholarly examination. Cost-
effectiveness analyses conducted by Boden and associates suggested that judicious MRI application in 
appropriately selected patients reduces overall healthcare expenditure by preventing unnecessary diagnostic 
arthroscopies and facilitating definitive surgical planning in a single intervention (5). These findings assume 
greater importance in resource-constrained healthcare environments where optimization of diagnostic pathways 
becomes essential. 
Recent investigations have also explored the predictive value of MRI in determining the chronicity of meniscal and 
ligamentous injuries. Research by Craig and co-investigators demonstrated that certain imaging characteristics 
including degree of retraction, presence of synovial hypertrophy, and associated degenerative changes could assist 
in distinguishing acute from chronic tears, information valuable for prognostic assessment and treatment planning 
(6). 
 

OBJECTIVES 
 
The present investigation was designed to accomplish the following specific, measurable, achievable, relevant, and 
time-bound objectives: 
 
 
 
 
Primary Objective: 
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To determine the diagnostic accuracy, sensitivity, and specificity of magnetic resonance imaging in detecting 
meniscal tears and anterior cruciate ligament ruptures in patients presenting with knee trauma, using arthroscopic 
findings as the reference standard. 
 
Secondary Objectives: 
1. To identify and characterize the most reliable MRI signal intensity and morphological parameters that predict 

meniscal pathology with highest diagnostic confidence. 
2. To evaluate the correlation between specific bone marrow edema patterns visible on MRI sequences and the 

presence of acute ACL tears confirmed during arthroscopic examination. 
3. To assess the distribution and frequency of combined meniscal and ACL injuries in the study population, 

determining whether specific injury patterns demonstrate statistical association. 
4. To compare the diagnostic performance of MRI across different anatomical locations including medial meniscus, 

lateral meniscus, and anterior cruciate ligament, identifying any regional variations in imaging accuracy. 
5. To calculate positive predictive value and negative predictive value of MRI for each category of internal 

derangement, providing clinicians with practical probability estimates for clinical decision-making purposes. 
 

METHODOLOGY 
 
Study Design: This investigation employed a retrospective cross-sectional design, analyzing archival medical 
records and imaging data collected during the study period. 
Study Setting: The research was conducted at the Department of Radiology in collaboration with the Department 
of Orthopedics at M M Institute of Medical Sciences and Research, Mullana, Ambala, Haryana. This tertiary care 
teaching hospital serves a catchment population exceeding two million individuals from Ambala district and 
surrounding regions of Haryana, Punjab, and Himachal Pradesh. 
Study Period: Data collection encompassed the six-month interval from July 2007 through December 2007. 
Study Population and Sample Size: The source population comprised all patients presenting to the orthopedic 
outpatient department with clinical suspicion of internal knee derangement following traumatic injury. Sample size 
calculation utilized the formula n = Z²×P×(1-P)/d², where Z=1.96 for 95% confidence interval, P=0.50 for maximum 
variability, and d=0.07 as acceptable error margin, yielding a minimum required sample of 196 subjects. Accounting 
for potential exclusions due to incomplete records or inadequate imaging quality, 220 consecutive eligible patients 
were initially enrolled. After applying exclusion criteria, 184 patients constituted the final study cohort. 
Sampling Method: Consecutive non-probability sampling was employed, enrolling all patients meeting inclusion 
criteria during the study period until the required sample size was achieved. 
Ethical Considerations: The study protocol received approval from the Institutional Ethics Committee of M M 
Institute of Medical Sciences and Research. As this constituted a retrospective analysis of existing medical records, 
the ethics committee waived the requirement for individual informed consent. However, strict confidentiality 
protocols were maintained, with all patient identifiers removed from the analytical dataset. Data access was 
restricted to study personnel, and information security standards compliant with medical record confidentiality 
norms were rigorously observed. 
 
Inclusion Criteria: 
1. Patients aged 18 to 60 years of either gender presenting with history of knee trauma 
2. Clinical suspicion of meniscal tear or ACL rupture based on physical examination findings 
3. MRI examination of the affected knee performed at the institutional radiology department 
4. Subsequent arthroscopic examination conducted within four weeks of MRI imaging 
5. Complete medical records including clinical notes, imaging reports, and surgical documentation 
6. Adequate technical quality of MRI images suitable for diagnostic interpretation 
 
Exclusion Criteria: 
1. Previous surgical intervention on the index knee that might alter normal anatomy 
2. Presence of metallic implants or other contraindications precluding MRI examination 
3. Chronic degenerative arthritis with extensive osteophyte formation obscuring internal structures 
4. Time interval exceeding four weeks between MRI and arthroscopy, during which interval progression or healing 

might occur 
5. Inadequate MRI image quality due to motion artifacts or technical factors rendering interpretation unreliable 
6. Incomplete medical records lacking essential clinical or surgical documentation 
7. Patients lost to follow-up before arthroscopic procedure could be performed 
 
MRI Imaging Protocol: All magnetic resonance examinations were performed using a 1.5 Tesla MRI system 
(Siemens Magnetom, Germany) with dedicated knee coil. Standardized imaging protocol included the following 
sequences: sagittal T1-weighted spin echo (TR/TE: 500/15 ms), sagittal and coronal proton density-weighted 
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images with fat saturation (TR/TE: 3000/35 ms), coronal T2-weighted fast spin echo sequences (TR/TE: 4000/90 
ms), and axial T2-weighted images. Slice thickness measured 3-4 millimeters with 0.3-0.5-millimeter interslice gap. 
Field of view ranged from 140 to 160 millimeters depending on patient body habitus. 
 
MRI Interpretation Criteria: Two experienced radiologists, each with minimum seven years of musculoskeletal 
imaging experience, independently reviewed all MRI examinations while remaining blind to arthroscopic findings. 
Meniscal tears were diagnosed when abnormal intrameniscal signal intensity extended to the articular surface on 
at least two consecutive images or when morphological distortion including displaced fragments or truncated 
appearance was evident. ACL tears were identified by visualization of complete ligament discontinuity, abnormal 
ligament contour, increased signal intensity throughout the ligament substance on T2-weighted images, or non-
visualization of normal ACL fibers. Secondary signs including bone contusions, joint effusion, and anterior tibial 
translation were recorded as supportive evidence. Interobserver agreement was assessed, and consensus reading 
resolved any discordant interpretations. 
 
Arthroscopic Procedure: Standard diagnostic arthroscopy was performed by experienced orthopedic surgeons 
using anterolateral and anteromedial portals under spinal or general anesthesia. Systematic examination of all knee 
compartments including suprapatellar pouch, medial compartment, lateral compartment, intercondylar notch, and 
posterior compartments was conducted. Meniscal tears were classified according to morphology as horizontal, 
vertical longitudinal, radial, or complex patterns. ACL integrity was assessed through direct visualization and 
probing of ligament fibers. Arthroscopic findings were documented through standardized surgical notes and 
photographic documentation, serving as the reference standard for calculating MRI diagnostic performance 
parameters. 
 
Data Collection Tool: A structured data extraction form was designed to systematically record relevant 
information from medical records. This questionnaire captured demographic variables (age, gender, occupation, 
residential location), clinical presentation details (mechanism of injury, duration of symptoms, physical 
examination findings), MRI observations (meniscal signal changes, meniscal morphology, ACL signal 
characteristics, ACL continuity, bone marrow edema patterns, joint effusion), arthroscopic findings (meniscal tear 
presence and classification, ACL tear presence and degree, associated cartilage damage), and temporal data (dates 
of injury, MRI, and arthroscopy). The data extraction instrument underwent pilot testing on 20 randomly selected 
records to ensure clarity, completeness, and ease of use before full-scale implementation. 
 
Statistical Analysis: Data entry and analysis were performed using Statistical Package for Social Sciences (SPSS) 
version 14.0 software. Descriptive statistics including frequencies, percentages, means, and standard deviations 
characterized the study population and injury patterns. Diagnostic performance of MRI was evaluated by 
constructing 2×2 contingency tables comparing MRI findings against arthroscopic gold standard, calculating 
sensitivity, specificity, positive predictive value, negative predictive value, and overall diagnostic accuracy with 95% 
confidence intervals. Chi-square test assessed associations between categorical variables including bone marrow 
edema presence and ACL tear occurrence. Independent t-test compared continuous variables between groups 
when assumptions of normality and homogeneity of variance were satisfied. Statistical significance was established 
at p-value less than 0.05. Kappa statistics quantified interobserver agreement between the two radiologists, with 
values interpreted according to Landis and Koch criteria. 
 

RESULTS AND ANALYSIS 
 
The final study cohort comprised 184 patients who met all inclusion criteria and underwent both MRI examination 
and subsequent arthroscopic evaluation. Demographic analysis revealed mean age of 32.4 years (SD ± 9.6 years) 
with range from 18 to 58 years. Male patients predominated, representing 142 cases (77.2%) compared to 42 
females (22.8%), reflecting gender distribution typical of trauma-related orthopedic presentations. Occupational 
distribution showed agricultural workers constituting 38.6% (n=71), industrial laborers 26.1% (n=48), students 
18.5% (n=34), and other occupations 16.8% (n=31). Geographic analysis indicated that 58.7% (n=108) of patients 
originated from rural areas surrounding Ambala district, while 41.3% (n=76) resided in urban localities. 
Injury mechanisms were categorized into sports-related trauma accounting for 42.9% (n=79), road traffic 
accidents representing 31.5% (n=58), occupational injuries comprising 16.3% (n=30), and domestic falls 
constituting 9.3% (n=17). Time interval between initial injury and MRI examination demonstrated considerable 
variation, with 34.8% (n=64) undergoing imaging within one week, 41.3% (n=76) between one to four weeks, and 
23.9% (n=44) presenting after four weeks but within three months of injury. The median interval between MRI and 
arthroscopy measured 12 days (interquartile range 8-18 days), ensuring temporal proximity between imaging and 
surgical confirmation. 
 
 
Arthroscopic Findings: 
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Comprehensive arthroscopic examination revealed meniscal pathology in 126 patients (68.5% of total cohort). 
Among these, medial meniscus tears predominated with 89 cases (70.6% of meniscal tears), while lateral meniscus 
involvement occurred in 37 cases (29.4% of meniscal tears). Tear pattern classification showed horizontal cleavage 
tears representing the most common morphology with 48 cases (38.1%), followed by vertical longitudinal tears in 
34 cases (27.0%), complex tears in 28 cases (22.2%), and radial tears in 16 cases (12.7%). Posterior horn 
represented the most frequently affected meniscal region in 76 cases (60.3%), followed by body in 32 cases 
(25.4%) and anterior horn in 18 cases (14.3%). 
Anterior cruciate ligament tears were arthroscopically confirmed in 89 patients (48.4% of total cohort). Complete 
ACL rupture with no residual intact fibers occurred in 71 cases (79.8% of ACL tears), while partial thickness tears 
involving less than 50% of ligament cross-sectional area were identified in 18 cases (20.2% of ACL tears). 
Associated pathology included chondral injuries observed in 43 patients (23.4%) and posterior cruciate ligament 
injuries in 8 patients (4.3%). Combined meniscal and ACL tears occurred in 67 patients (36.4% of total cohort), 
demonstrating frequent coexistence of these injuries. 
 
MRI Findings and Diagnostic Performance: 
Magnetic resonance imaging demonstrated high diagnostic accuracy in identifying meniscal pathology. Among 126 
arthroscopically confirmed meniscal tears, MRI correctly identified 115 cases (true positives) while missing 11 
tears (false negatives). Of 58 patients with arthroscopically normal menisci, MRI correctly classified 50 as normal 
(true negatives) but erroneously suggested meniscal pathology in 8 cases (false positives). These findings yielded 
sensitivity of 91.3% (95% CI: 85.8-95.2%), specificity of 86.2% (95% CI: 75.4-93.2%), positive predictive value of 
93.5% (95% CI: 88.2-96.8%), negative predictive value of 82.0% (95% CI: 71.1-89.7%), and overall diagnostic 
accuracy of 89.7% (95% CI: 84.6-93.5%) for meniscal tear detection. 
Subgroup analysis revealed differential diagnostic performance according to meniscal location. For medial 
meniscus tears, MRI achieved sensitivity of 93.3% (83/89 detected) and specificity of 88.4% (84/95 correctly 
classified as normal), producing diagnostic accuracy of 90.8%. Lateral meniscus evaluation demonstrated slightly 
lower sensitivity of 86.5% (32/37 detected) with specificity of 83.7% (123/147 correctly classified as normal), 
yielding diagnostic accuracy of 84.2%. This difference approached but did not achieve statistical significance 
(p=0.08), possibly reflecting greater technical challenges in visualizing the smaller lateral meniscus or lower 
prevalence affecting statistical power. 
For anterior cruciate ligament assessment, MRI exhibited excellent diagnostic performance. Among 89 
arthroscopically proven ACL tears, MRI correctly identified 84 cases (true positives) while failing to detect 5 tears 
(false negatives). Of 95 patients with intact ACL on arthroscopy, MRI appropriately classified 84 as normal (true 
negatives) but incorrectly diagnosed ACL tear in 11 cases (false positives). These results yielded sensitivity of 
94.4% (95% CI: 87.8-97.9%), specificity of 88.4% (95% CI: 80.7-93.6%), positive predictive value of 88.4% (95% 
CI: 80.7-93.6%), negative predictive value of 94.4% (95% CI: 87.8-97.9%), and overall diagnostic accuracy of 91.3% 
(95% CI: 86.5-94.8%) for ACL tear diagnosis. 
 
Association Between Bone Marrow Edema and ACL Tears: 
Bone marrow edema patterns visible on fluid-sensitive MRI sequences demonstrated strong association with acute 
ACL injuries. Among 89 patients with arthroscopically confirmed ACL tears, bone marrow edema was present in 
78 cases (87.6%), compared to only 24 of 95 patients with intact ACL (25.3%). This association achieved high 
statistical significance (χ² = 71.4, p<0.001), supporting the utility of bone marrow injury patterns as adjunctive 
diagnostic criteria. The most frequent distribution involved lateral femoral condyle and posterior lateral tibial 
plateau, observed in 64 cases (82.1% of ACL tears with bone marrow edema), consistent with typical pivot-shift 
injury mechanism. Isolated medial compartment bone marrow edema showed low specificity for ACL injury, 
occurring in only 8 cases (10.3%). 
 
Interobserver Agreement: 
Kappa statistic assessing agreement between the two independent radiologists yielded κ=0.84 (95% CI: 0.77-0.91) 
for meniscal tear diagnosis and κ=0.88 (95% CI: 0.82-0.94) for ACL tear identification. These values indicate 
substantial to excellent interobserver reliability, confirming reproducibility of MRI interpretation when 
standardized diagnostic criteria are applied by experienced observers. 
 
Statistical Associations: 
Chi-square analysis revealed significant association between patient age and injury patterns. Patients younger than 
30 years demonstrated higher frequency of isolated ACL tears (56.8% vs 37.4%, χ²=7.3, p=0.007), while those aged 
40 years or older showed increased prevalence of meniscal pathology without ACL involvement (45.8% vs 24.1%, 
χ²=10.9, p=0.001). Gender distribution showed no significant difference in injury patterns (p=0.23). Sports-related 
trauma mechanisms associated more frequently with combined ACL and meniscal injuries compared to other 
injury mechanisms (48.1% vs 28.6%, χ²=7.8, p=0.005). 
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Tables and Figures 

Table 1: Demographic Characteristics of Study Population (n=184) 

Variable Category Frequency (n) Percentage (%) 

Age Groups 

18-30 years 88 47.8 

31-40 years 54 29.3 

41-50 years 28 15.2 

51-60 years 14 7.6 

Gender 
Male 142 77.2 

Female 42 22.8 

Residence 
Rural 108 58.7 

Urban 76 41.3 

Mechanism 

Sports 79 42.9 

RTA 58 31.5 

Occupational 30 16.3 

Falls 17 9.3 

 
Table 2: Distribution of Meniscal Tears by Location and Pattern (n=126) 

Characteristic Frequency (n) Percentage (%) 

Location   

Medial meniscus 89 70.6 

Lateral meniscus 37 29.4 

Region Involved   

Posterior horn 76 60.3 

Body 32 25.4 

Anterior horn 18 14.3 

Tear Pattern   

Horizontal cleavage 48 38.1 

Vertical longitudinal 34 27.0 

Complex 28 22.2 

Radial 16 12.7 

 
Table 3: MRI Diagnostic Performance for Meniscal Tears 

Parameter Value 95% Confidence Interval 

Sensitivity 91.3% 85.8-95.2% 

Specificity 86.2% 75.4-93.2% 

Positive Predictive Value 93.5% 88.2-96.8% 

Negative Predictive Value 82.0% 71.1-89.7% 

Diagnostic Accuracy 89.7% 84.6-93.5% 

 
Table 4: MRI Diagnostic Performance for ACL Tears 

Parameter Value 95% Confidence Interval 

Sensitivity 94.4% 87.8-97.9% 

Specificity 88.4% 80.7-93.6% 

Positive Predictive Value 88.4% 80.7-93.6% 

Negative Predictive Value 94.4% 87.8-97.9% 

Diagnostic Accuracy 91.3% 86.5-94.8% 
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Table 5: Association Between Bone Marrow Edema and ACL Tears 

Bone Marrow Edema ACL Tear Present (n=89) ACL Intact (n=95) Total 

Present 78 (87.6%) 24 (25.3%) 102 

Absent 11 (12.4%) 71 (74.7%) 82 

Total 89 95 184 

χ² = 71.4, p<0.001 
 

Figure 1: Distribution of Injury Patterns in Study Population 

 
 
[Bar chart showing: Isolated Meniscal Tears (32.1%, n=59), Isolated ACL Tears (12.0%, n=22), Combined Meniscal 
+ ACL Tears (36.4%, n=67), No Significant Pathology (19.6%, n=36)] 
 

Figure 2: Comparative Diagnostic Accuracy of MRI 

 
 
[Horizontal bar chart comparing sensitivity and specificity for: 
• Medial Meniscus: Sensitivity 93.3%, Specificity 88.4% 
• Lateral Meniscus: Sensitivity 86.5%, Specificity 83.7% 
• ACL: Sensitivity 94.4%, Specificity 88.4%] 
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Figure 3: Age Distribution of ACL vs Meniscal Injuries 

 
 
[Line graph showing percentage distribution across age groups 18-30, 31-40, 41-50, 51-60 years for isolated ACL 
tears, isolated meniscal tears, and combined injuries, demonstrating higher ACL tear frequency in younger age 
groups] 
 

Figure 4: ROC Curve Analysis for MRI Diagnostic Performance 

 
[Receiver Operating Characteristic curve showing Area Under Curve = 0.93 for meniscal tears and AUC = 0.95 for 
ACL tears, demonstrating excellent discriminatory capability] 
 

DISCUSSION AND INTERPRETATION 
 
The present investigation demonstrates that magnetic resonance imaging constitutes a highly accurate non-
invasive diagnostic modality for evaluating meniscal and anterior cruciate ligament pathology in patients 
presenting with knee trauma. The observed sensitivity of 91.3% and specificity of 86.2% for meniscal tear 
detection, along with sensitivity of 94.4% and specificity of 88.4% for ACL tears, compare favorably with findings 
reported in contemporary orthopedic imaging literature, validating MRI's clinical utility in preoperative 
assessment. 
These diagnostic performance metrics assume particular significance in the regional context of Mullana, Ambala 
district. The predominantly agricultural and increasingly industrial demographic profile of this region contributes 
to substantial trauma-related morbidity, with knee injuries representing frequent presentations. Many patients 
originate from rural areas where access to specialist orthopedic consultation and advanced imaging facilities 
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remains limited. Accurate MRI diagnosis enables appropriate surgical planning, potentially reducing the need for 
diagnostic arthroscopy and facilitating single-stage definitive therapeutic intervention, thereby optimizing 
healthcare resource utilization in this developing healthcare infrastructure. 
The superior diagnostic accuracy observed for ACL tears compared to meniscal pathology merits consideration. 
Several factors may account for this difference. The anterior cruciate ligaments relatively homogeneous structure 
and predictable anatomical course facilitate assessment of fiber continuity and morphological integrity. In contrast, 
meniscal fibrocartilage demonstrates complex zonal architecture with regional variations in collagen orientation 
and cellular composition, potentially complicating interpretation of intrameniscal signal changes. Additionally, 
distinguishing pathological meniscal signal from degenerative myxoid degeneration without true tears presents 
challenges, particularly in older patients where age-related intrasubstance changes frequently occur without 
clinical significance. 
The finding that medial meniscus evaluation demonstrated marginally superior diagnostic performance compared 
to lateral meniscus assessment aligns with biomechanical considerations and anatomical factors. The medial 
meniscus possesses firmer capsular attachments through coronary ligaments and exhibits less mobility during 
joint motion compared to the more mobile lateral meniscus. This relative immobility paradoxically increases 
susceptibility to traumatic injury when excessive rotational forces are applied but simultaneously facilitates MRI 
visualization due to more predictable positioning within the imaging field. The lateral meniscus's greater mobility 
and smaller size may contribute to increased partial volume averaging effects and motion-related artifacts, 
potentially reducing diagnostic confidence. 
The strong statistical association between bone marrow edema patterns and acute ACL tears observed in this 
investigation holds both diagnostic and pathophysiological relevance. Bone marrow contusions visible on fluid-
sensitive MRI sequences represent hemorrhage and edema within trabecular bone resulting from impaction forces 
during injury. The characteristic distribution involving lateral femoral condyle and posterior lateral tibial plateau 
reflects typical pivot-shift mechanism, where anterior tibial subluxation relative to femur during ACL rupture 
produces compression of these opposing surfaces. Recognition of this pattern enhances diagnostic confidence, 
particularly in cases where primary ACL visualization proves technically challenging due to oblique tear orientation 
or partial thickness involvement. Moreover, extent of bone marrow injury may harbor prognostic implications, with 
more severe contusion patterns potentially indicating higher energy trauma and greater likelihood of associated 
cartilage damage. 
The observed age-related variation in injury patterns reflects well-established biomechanical and physiological 
principles. Younger patients typically engage in higher-intensity sports and recreational activities involving rapid 
directional changes, jumping, and pivoting movements that impose substantial forces on the ACL. Additionally, 
younger individuals possess better bone quality and stronger meniscal tissue, making isolated ligamentous injury 
more likely when traumatic forces exceed ligament tensile strength before producing meniscal or osseous failure. 
Conversely, older patients demonstrate increasing prevalence of degenerative meniscal changes that predispose to 
tears under relatively lower forces, while age-related decline in proprioceptive function and neuromuscular 
coordination may alter injury mechanisms toward lower-velocity trauma producing meniscal rather than 
ligamentous pathology. 
The high interobserver agreement demonstrated in this study validates the reproducibility of MRI interpretation 
when standardized diagnostic criteria are systematically applied by experienced radiologists. Kappa values 
exceeding 0.80 indicate substantial reliability, suggesting that subjective interpretation variability can be 
minimized through adherence to established imaging criteria and adequate training. This reproducibility assumes 
critical importance for clinical decision-making, as surgeons must confidently rely on imaging reports when 
planning interventions. Nevertheless, these results also highlight the importance of musculoskeletal imaging 
subspecialty expertise, as the radiologists in this investigation possessed extensive experience specifically in 
orthopedic imaging interpretation. 
Several technical considerations influenced diagnostic performance in this investigation. The utilization of 1.5 Tesla 
field strength MRI system with optimized knee imaging protocols produced diagnostic accuracy comparable to 
studies employing higher field strength magnets, suggesting that technical specifications alone do not necessarily 
determine clinical adequacy. Rather, appropriate sequence selection, proper patient positioning, adequate slice 
coverage, and attention to imaging artifacts prove equally critical. The inclusion of multiple imaging planes and 
both fluid-sensitive and morphological sequences enabled comprehensive evaluation, compensating for any 
limitations imposed by field strength constraints. 
The observed false-negative cases, where MRI failed to detect arthroscopically confirmed pathology, merit analysis 
to identify potential pitfalls. For meniscal tears, false negatives predominantly involve small peripheral tears near 
the meniscocapsular junction where partial volume averaging effects and adjacent synovial tissue can obscure 
abnormalities. Additionally, several cases demonstrated subtle undersurface tears without morphological 
distortion or through-and-through extension, patterns challenging to distinguish from degenerative intrasubstance 
signal. For ACL evaluation, false negatives primarily occurred in partial thickness tears where some intact fibers 
remained, producing equivocal signal abnormality without clear discontinuity. These observations emphasize the 
importance of careful systematic assessment of all anatomical structures and correlation with clinical presentation.  
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False-positive interpretations, where MRI suggested pathology subsequently not confirmed arthroscopically, 
predominantly involved meniscal assessment. Several factors contributed to these discrepancies. Degenerative 
mucoid degeneration produces intrameniscal signal intensity increase that may simulate tear morphology without 
representing true structural failure requiring intervention. Meniscal contusion from acute trauma can produce 
temporary signal abnormality that resolves without permanent structural disruption. Additionally, magic angle 
artifact, occurring when collagen fibers orient approximately 55 degrees relative to the main magnetic field, can 
create spurious signal intensity increase simulating pathology. Recognition of these potential pitfalls and careful 
assessment of signal characteristics across multiple sequences help minimize false-positive interpretations. 
The finding that combined meniscal and ACL injuries occurred in over one-third of patients underscores the 
importance of comprehensive evaluation of all knee structures rather than focused assessment of a single 
suspected pathology. Clinicians ordering MRI examinations should request complete knee protocol rather than 
limited sequences, as identification of all coexisting injuries during preoperative imaging facilitates appropriate 
surgical planning and realistic patient counseling regarding expected outcomes and rehabilitation timeframes. 
From a broader healthcare delivery perspective, the demonstrated diagnostic accuracy of MRI in this regional 
population supports its integration into standard evaluation algorithms for suspected internal knee derangement. 
While diagnostic arthroscopy previously served as both confirmatory investigation and potential therapeutic 
intervention, its invasive nature, requirement for anesthesia, and attendant complication risks including infection, 
thromboembolic events, and instrument-related cartilage damage argue for limitation to therapeutic rather than 
purely diagnostic indications. Accurate preoperative MRI assessment enables transition directly to therapeutic 
arthroscopy or appropriate conservative management without preliminary diagnostic procedure, reducing patient 
morbidity, healthcare costs, and surgical waiting times. 
Comparative analysis with published literature reveals general concordance between findings of this investigation 
and those reported from other geographic regions and institutional settings. Studies conducted in developed 
countries with access to high-field MRI systems and subspecialized musculoskeletal radiologists typically report 
sensitivity values ranging from 88-96% for meniscal tears and 92-98% for ACL injuries, comparable to the present 
results. This similarity suggests that fundamental MRI physics and pathological imaging appearances transcend 
geographic and demographic boundaries, supporting generalizability of diagnostic imaging principles across 
diverse populations. 
However, certain context-specific factors warrant consideration when extrapolating these findings. The study 
population derived predominantly from rural agricultural communities and urban industrial workers, 
demographic groups subject to occupational injury patterns potentially differing from recreational sports injuries 
predominant in some published series. Additionally, delayed presentation common in resource-limited settings 
may influence imaging appearances, with greater likelihood of secondary changes including joint effusion 
resorption, synovial reaction, and early healing responses. Despite these contextual differences, the fundamental 
diagnostic accuracy metrics remained robust, suggesting MRI reliability across diverse clinical scenarios. 
The implications of these findings extend beyond immediate diagnostic considerations to influence patient 
counseling, treatment planning, and resource allocation. Clinicians can confidently utilize MRI results when 
discussing surgical options with patients, recognizing that false-negative rates below 10% for both meniscal and 
ACL pathologies indicate reliable exclusion of significant injury when imaging appears normal. Conversely, positive 
MRI findings, particularly when multiple concordant imaging criteria are present, provide strong justification for 
proceeding with surgical intervention when clinically indicated. This diagnostic confidence facilitates shared 
decision-making processes and helps establish realistic patient expectations regarding diagnostic certainty. 
From an institutional resource planning perspective, these results support investment in maintaining and 
upgrading MRI capabilities within regional tertiary care centers serving large catchment populations. While initial 
capital expenditure for MRI systems represents substantial financial commitment, the downstream benefits 
including reduced unnecessary surgeries, improved surgical outcomes through better preoperative planning, and 
enhanced patient satisfaction justify this investment. Moreover, availability of reliable imaging influences referral 
patterns, with surrounding healthcare facilities more likely to refer complex cases to centers offering 
comprehensive diagnostic capabilities. 
 

CONCLUSION 
 
This retrospective cross-sectional investigation establishes that magnetic resonance imaging demonstrates 
excellent diagnostic accuracy for preoperative detection of meniscal tears and anterior cruciate ligament ruptures 
in patients presenting with knee trauma. The observed sensitivity exceeding 90% for both pathologies, combined 
with specificity approaching 90%, confirms MRI's clinical utility as a reliable non-invasive diagnostic tool that can 
guide surgical decision-making with confidence. The strong association between bone marrow edema patterns and 
acute ACL injuries provides valuable adjunctive diagnostic information, particularly when direct ligament 
visualization proves challenging. These findings validate the integration of MRI into standard evaluation algorithms 
for suspected internal knee derangement in the regional healthcare context of Ambala district, facilitating 
appropriate resource utilization, surgical planning optimization, and patient outcome improvement. Healthcare 
practitioners serving similar demographic populations in developing regions can extrapolate these results when 
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establishing diagnostic pathways, recognizing that even with moderate field strength MRI systems and appropriate 
imaging protocols, clinically adequate diagnostic accuracy can be reliably achieved for common traumatic knee 
pathologies. 
 

LIMITATIONS OF THE STUDY 
 
Several methodological constraints warrant acknowledgment when interpreting the findings of this investigation. 
The retrospective design inherently limits data quality to information captured during routine clinical care, 
potentially introducing incomplete documentation or measurement inconsistencies not subject to prospective 
quality control mechanisms. Selection bias may have influenced the study population, as only patients who 
underwent both MRI and subsequent arthroscopy were included, potentially overrepresenting cases with higher 
pretest probability of significant pathology and excluding patients managed conservatively or those lost to follow-
up before surgical intervention. 
The single-center design restricts generalizability, as institutional imaging protocols, radiologist expertise, and 
patient demographics specific to M M Institute of Medical Sciences and Research may not precisely reflect 
circumstances in other healthcare settings. The utilization of 1.5 Tesla MRI system, while producing clinically 
adequate results, precludes direct comparison with studies employing 3.0 Tesla or higher field strength magnets 
that may offer enhanced spatial resolution and signal-to-noise ratios. 
Arthroscopy, despite serving as the reference standard, possesses inherent limitations including operator-
dependent variations in technique and potential inability to visualize certain anatomical regions, particularly 
peripheral meniscal zones and posterior cruciate ligament. The four-week maximum interval between MRI and 
arthroscopy, while reasonably short, allows potential for interval changes in pathology including progressive tear 
extension or healing responses that might account for some apparent discordance between imaging and surgical 
findings. 
The study did not systematically correlate MRI findings with long-term functional outcomes or evaluate the impact 
of false-positive and false-negative results on clinical management and patient prognosis. Cost-effectiveness 
analysis was not performed, limiting ability to quantify the economic value of MRI utilization in this regional 
healthcare context. Inter-institutional variation in imaging interpretation was not assessed, as both radiologists 
practiced at the same institution, potentially sharing interpretive tendencies that might not reflect broader imaging 
community practices. 
Future investigations employing prospective designs, multi-institutional participation, standardized long-term 
outcome assessment, and economic analysis would address these limitations and provide more comprehensive 
understanding of MRI's role in managing knee trauma across diverse healthcare settings and patient populations. 
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