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ABSTRACT
Objective: To evaluate the accuracy of magnetic resonance imaging (MRI) in detecting meniscal injuries, with arthroscopy 
as the gold standard.

Materials and Methods: We conducted this prospective observational study at Khyber Teaching Hospital from August 2024 to 
May 2025. A total of 263 adults, aged between 20 and 60 years, with symptoms suggestive of meniscal pathology, under-
went MRI followed by arthroscopic confirmation. Diagnostic accuracy was evaluated using a 2×2 table to calculate diag-
nostic metrics for the medial and lateral meniscus separately. Statistical significance was assessed, and receiver operating 
characteristic (ROC) curves were constructed.

Results: Of 263 patients, 76.8% were male; the average age was 30 ± 4.32 years. MRI detected meniscal tears in 65.0% of 
patients, while arthroscopy confirmed them in 73.4%. For medial meniscal injuries, MRI showed a sensitivity of 60.9%, spec-
ificity of 44.9%, PPV of 68.4%, NPV of 37.0%, and diagnostic accuracy of 55.5%. For lateral meniscal injuries, sensitivity was 
55.6%, specificity 95.6%, positive predictive value 66.7%, negative predictive value 93.1%, and diagnostic accuracy 90.1%. 
ROC analysis indicated an area under the curve of 52.9% for medial and 75.6% for lateral meniscus tears.

Conclusion: MRI demonstrates greater diagnostic accuracy and specificity in detecting  lateral meniscal tears  compared 
to medial tears. Due to lower sensitivity and specificity for medial meniscal injuries, arthroscopy remains crucial for a defini-
tive diagnosis, especially in symptomatic patients with negative or inconclusive MRI results.
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INTRODUCTION 
Meniscal tears are clinically significant because 

the meniscus plays a crucial role in joint stabilization, 
shock absorption, and load distribution. A tear at the root 
of the meniscus or a meniscectomy can increase pressure 
on the articular cartilage, which may accelerate its wear 
and degeneration over time. 1 Accurate identification of 
the tear’s location and type is vital for guiding treatment 
decisions and ensuring proper management. 2 Overall, 
meniscal tears are found in approximately 14.0% of pa-
tients with knee injury. 3

Magnetic resonance imaging (MRI) is a common 
tool for diagnosing meniscal tears. However, despite tech-
nological progress, many meniscal injuries remain unde-
tected due to considerable variability in MRI’s diagnostic 
accuracy. 4 The sensitivity of MRI for identifying ramp le-
sions, peripheral longitudinal tears, or menisco-capsu-
lar separations of the medial meniscus is approximately 
65.1%. 5 A large percentage of lateral meniscus posterior 
root tears, ranging from 40% to 67.7%, are missed on MRI. 
Still, these findings are based on studies with relatively 
small patient groups undergoing ACL reconstruction. 6 
Few studies have also explored MRI accuracy in detecting 
meniscal tears by their location and type. 7

 Limited regional data exists on the accuracy of 
MRI for diagnosing knee meniscal injuries. We aimed to 
assess MRI’s accuracy in detecting meniscal tears, using 
arthroscopy as the gold standard. The results will offer 
practical insights for regional orthopedic surgeons, aiding 
in the differential diagnosis of patients with knee-related 
symptoms.
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MATERIAL AND METHODS 
We conducted this prospective observational 

study at Khyber Teaching Hospital, Peshawar, Pakistan, 
between August 2024 and May 2025. The sample size 
was calculated using Buderer’s formula, incorporating a 
reported prevalence of meniscal injury at 14.0%, with a 
sensitivity of 89.3 and a specificity of 91.8%, a 95% con-
fidence level, and a 10% error margin, enrolling 263 pa-
tients for the study. 3

A non-probability, consecutive sampling method 
was used to enroll patients aged 20 to 60 years, of any 
gender, who met specific criteria. Patients were included 
if they were classified as American Society of Anesthesi-
ology (ASA) Grade I or II, had knee pain for more than 
three weeks, displayed clinical signs of instability, had a 
pain score above four on the visual analogue scale, or 
had a persistently swollen, injured knee lasting more than 
12 weeks compared to the other side. Exclusion criteria 
included a body mass index exceeding 30, prior knee 
surgery, multi-ligamentous injuries, rheumatoid arthritis, 
osteoarthritis, open or closed knee fractures, or systemic 
conditions associated with knee pain.

After obtaining ethical approval, patients were re-
cruited from the outpatient department. Written informed 
consent was obtained before enrollment. Demographic 
and clinical data, including age, weight, height, BMI, gen-
der, and symptom duration, were recorded. A thorough 
clinical history was documented, followed by a detailed 
physical examination conducted by a senior orthopedic 
surgeon. All patients with suspected meniscal tears un-
derwent MRI, which was interpreted by a radiologist with 
over five years of experience. MRI was performed on a 
1.5 Tesla Magnetom scanner using a dedicated knee coil. 
The imaging protocols followed departmental guidelines, 
employing multi-planar, multi-sequential sequences. MRI 
findings were considered positive if a high-intensity in-
tra-meniscal signal extended to at least one articular sur-
face on a minimum of two consecutive slices, or if there 
was any distortion in normal meniscal morphology. A 
sports and arthroscopy surgeon then performed an ar-
throscopic evaluation. MRI findings were compared with 
those of arthroscopy, which served as the definitive stan-
dard for diagnosing meniscal tears. 8

Data analysis was conducted using SPSS version 
24.0. Continuous variables were presented as means 
and standard deviations, while categorical variables were 
shown as frequencies and percentages. A 2×2 contingen-
cy table was employed to evaluate diagnostic accuracy, 
sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV). Ninety-five percent con-
fidence intervals (CIs) were calculated for these metrics. 
The McNemar test for correlated proportions was used to 
determine statistically significant differences in specifici-
ty and sensitivity; all statistical analyses were conducted 
to assess whether MRI performance differed significantly 

from that of arthroscopy. To further evaluate MRI’s diag-
nostic accuracy, receiver operating characteristic (ROC) 
curves were plotted, comparing sensitivity and specifici-
ty to those of arthroscopy. Statistical significance was set 
at p < 0.05. The report was prepared in accordance with 
the 2015 Standards for Reporting of Diagnostic Accuracy 
Studies (STARD) guidelines. 9

RESULTS 
Overall, 263 patients were included in the study. 

Baseline demographic and clinical characteristics are 
summarized in Table 1, while the patient flow during the 
study is depicted in Figure 1. Radiological assessment via 
MRI revealed meniscal tears in 65% of patients (n=171), 
while 35% (n=92) showed no tears. Arthroscopic evalu-
ation identified meniscal tears in 73.4% (n=193) and no 
tears in 26.6% (n=70). MRI identified 14 lateral meniscal 
tears, 16 involving both medial and lateral menisci, and 
141 medial tears. In comparison, arthroscopy found 17 lat-
eral tears, 19 involving both compartments, and 157 medi-
al tears. Overall, medial meniscal injuries were detected in 
58.9% (n=155) and lateral in 11.4% (n=30) on MRI, while 
arthroscopy confirmed medial injuries in 66.2% (n=174) 
and lateral in 13.7% (n=36).

The diagnostic accuracy of MRI was determined 
through a 2×2 contingency table. (Tables 2 and 3). The 
ROC curve showed an area under the curve (AUC) of 
52.9% (95% CI: 45.5%–60.3%) for the medial meniscus 
and 75.6% (95% CI: 65.2%–85.9%) for the lateral menis-
cus (Figure 2). Additionally, stratification by age and injury 
mechanism did not show a statistically significant differ-

Table No 1: Demographic characteristics of participants at 
baseline

Characteristics Values

Total cases 263 (100%)

Sex Male 202 (76.8%)

Female 61 (23.1%)

Age (years) 30 ± 4.32

Weight (kg) 74 ± 7.66

Height (meters) 1.6 ± 0.19

BMI (kg/m²) 23.3 ± 4.04

Duration of symptoms (months) 11 ± 3.39

Age groups (years) 20–25 88 (33.5%)

26-30 79 (30.0%)

31-35 67 (25.5%)

36-40 26 (9.9%)

>40 3 (1.1%)

Injury mechanism Road Traffic Accident 139 (52.8%)

Fall form height 80 (30.4%)

Sports related 44 (16.7%)
Kgs: kilograms; BMI: body mass index
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Table No 2: Contingency table for diagnostic accuracy of 
MRI against arthroscopy

Meniscal injury on 
Arthroscopy

χ² (P-value)

Medial Meniscal 
injury on MRI

+ - 3.08 (0.08)

+ 106 
(40.3%)

49 
(18.6%)

- 68 
(25.9%)

40 
(15.2%)

Lateral Meniscal 
injury on MRI

+ 20 
(7.6%)

10  
(3.8%)

1.38 (0.24)

- 16 
(6.1%)

217 
(82.5%)

Table No 3: Metrics for MRI diagnostic test accuracy

MRI Medial 
Meniscus 

injury 
(95% CI)

χ² (p-val-
ue)

Lateral 
Meniscus 

injury 
(95% CI)

χ² (p-val-
ue)

Sensitivity 60.9% 
(53.5%, 
68.0%)

271.2 
(<0.01)

55.6% 
(39.4%, 
71.0%)

45 (<0.01)

Specificity 44.9% 
(34.9%, 
55.3%)

72.6 
(<0.01)

95.6% 
(92.4%, 
97.8%)

4925.9 
(<0.01)

PPV 68.4% 
(68.8%, 
75.4%)

335.3 
(<0.01)

66.7% 
(48.9%, 
81.7%)

60 (<0.01)

NPV 37.0% 
(28.3%, 
46.4%)

63.5 
(<0.01)

93.1% 
(89.4%, 
95.9%)

3160.1 
(<0.01)

ence in diagnostic accuracy between subgroups (p > 
0.05).

DISCUSSION 

This study assessed the accuracy of MRI in detect-
ing meniscal tears, using arthroscopic findings as the gold 
standard. The results showed significantly higher diag-

nostic accuracy for lateral meniscal injuries (90.1%) com-
pared to medial injuries (55.5%). While MRI demonstrat-
ed moderate sensitivity and low specificity for medial 
tears  (60.9% and 44.9%, respectively), its performance 
was considerably better for lateral tears, with a specificity 
of 95.6% and sensitivity of 55.6%. These findings follow 
a consistent trend seen in previous research, suggest-

Fig 1: Patient flow chart in the study
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itations, particularly in identifying medial meniscal tears 
and specific lesion types like ramp lesions, require careful 
interpretation. 13 There are many clinical situations where 
patients experience persistent knee symptoms—such 
as joint line tenderness, mechanical locking, or swell-
ing—despite negative MRI results. In these cases, clinical 
suspicion should outweigh imaging findings, leading to 
consideration of diagnostic arthroscopy. 12, 15 Arthroscopy 
remains the most reliable method for diagnosis, especial-
ly when MRI results are inconclusive or do not align with 
clinical signs. Delaying arthroscopic evaluation in symp-
tomatic patients can lead to missed diagnoses of treatable 
meniscal injuries, which may cause ongoing discomfort 
and joint deterioration. 12 Therefore, combining clinical as-
sessment with imaging is crucial, and when uncertainty 
remains, proceeding with arthroscopy ensures accurate 
diagnosis and appropriate treatment.

Advancements in MRI field strength and imaging 
techniques continue to transform how we diagnose me-
niscal tears. A direct comparison study found that the sen-
sitivity and specificity for medial and lateral meniscal tears 
were nearly identical between 1.5 T and 3 T MRI; for ex-
ample, medial tears had approximately 92.7% sensitivity 
at 1.5 T and 92.6% at 3 T. Lateral tear specificity was also 
similar (~95.2% vs ~91.8%), with the nature of diagnostic 
errors (false positives/negatives) resembling each other 
across field strengths. 16 Meta-analyses further confirm that 

ing that  MRI may be more reliable for identifying lateral 
meniscal injuries than medial ones, especially in our re-
gional setting. 10 The relatively low NPV for medial injuries 
(37.0%) raises concerns about missed diagnoses if MRI is 
used alone for medial meniscus evaluation.

Our findings align with previous studies that inves-
tigated the same research question. For example, a sur-
vey by Sajid et al. 11 reported a sensitivity of 77.4% and 
a specificity of 44.9% for medial meniscal injuries, and a 
sensitivity of 66.7% and a specificity of 65.3% for lateral 
meniscal injuries on MRI. These results demonstrate MRI’s 
usefulness as a screening tool, although arthroscopy re-
mains the definitive diagnostic method. Similarly, Porter 
and Shadbolt 12 found moderate agreement between MRI 
and arthroscopy, with Kappa scores of 0.41 for medial and 
0.44 for lateral meniscal tears, indicating that clinical as-
sessment may be more accurate for lateral meniscal tears. 
Additionally, studies by Hatayama et al. 13 have highlighted 
the recurring issue of missed posterior horn or ramp le-
sions, emphasizing MRI’s limitations in detecting specific 
meniscal pathologies. Klein and Solomon also noted that 
while arthroscopy is the gold standard for diagnosing me-
niscal ramp lesions, high-quality MRI can still be helpful, 
especially when associated injuries are highly suspected. 
14

For sports surgeons, MRI is a valuable non-inva-
sive tool for detecting meniscal injuries. However, its lim-

Fig 2:  ROC analysis of MRI findings benchmarked against arthroscopic diagnosis
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the overall diagnostic performance for meniscal lesions 
(e.g., AUC ~0.97) does not significantly differ between 1.5 
T and 3 T MRI. 17 This suggests that MRI protocol quality 
and reader expertise often influence the results more than 
magnetic field strength alone. 17, 18 However, enhanced 3D 
isotropic imaging and high-resolution sequences provide 
practical benefits, such as multi-planar reformats, better 
control of partial-volume effects, and improved detection 
of complex tear types, like root or radial lesions, even if 
routine diagnostic accuracy isn’t significantly increased. 
16, 18 Given resource differences across regions, the most 
practical approach is to optimize existing 1.5 T protocols 
and, when possible, incorporate advanced sequences 
rather than assuming 3 T systems are inherently superior.

Alongside advances in hardware, artificial intel-
ligence (AI) is quickly becoming an important tool for 
interpreting meniscal MRI. A recently developed knowl-
edge-distillation deep learning framework, trained on 
paired MRI and arthroscopy data, showed notable per-
formance improvements: the distilled “student” model 
achieved higher accuracy (~0.764 vs 0.734), sensitivity 
(~0.838 vs ~0.733), and F1-score for detecting medial 
and lateral tears compared to its undistilled version. 19 An-
other crossover study found that physicians assisted by 
a DL algorithm (Keros®) significantly increased sensitivity 
for medial meniscus tears (91% vs 83%, p = 0.04) 
without sacrificing specificity, and also improved ACL tear 
specificity with AI assistance. 20 Additionally, broader deep 
learning-based diagnostic models using MRNet and other 
datasets are showing around 93–94% AUC in meniscus 
injury detection, matching or even surpassing general ra-
diologist performance. 21, 22

Together, these developments show promise for 
enhancing diagnostic consistency and efficiency. The in-
tegration of AI and DL tools could help reduce inter-ob-
server variability, especially in settings where sub-special-
ty musculoskeletal radiology is limited. 21 From a health 
economics perspective, more reliable MRI-based diag-
nostics may lower unnecessary diagnostic arthroscopies 
and associated morbidity, but the cost–benefit balance 
must be assessed carefully. Some pathways (e.g., pri-
mary care to arthroscopy mapping) suggest MRI might 
decrease procedural rates and costs, while others (e.g., 
direct-to-arthroscopy via needle scopes) could be more 
effective. 23 Clinically, the best practice remains combin-
ing clinical history, focused physical examination, and 
enhanced MRI, potentially supported by AI, to guide de-

cision-making, with arthroscopy reserved for cases with 
conflicting or unclear findings. This integrated approach 
maximizes both accuracy and resource efficiency.

Our findings also have important implications for 
patient outcomes and rehabilitation. Missing medial me-
niscal tears on MRI can delay timely treatment, potentially 
leading to faster cartilage breakdown, ongoing pain, and 
early osteoarthritis. An accurate diagnosis is essential not 
only for surgical planning but also for designing rehabil-
itation strategies to preserve the joint. In symptomatic 
patients, early arthroscopic confirmation of inconclusive 
MRI results could prevent chronic disability. These points 
emphasize that imaging accuracy directly impacts both 
short-term recovery and long-term joint health, highlight-
ing the broader clinical significance of our study’s results.

This study is limited by its conduction at a single 
center, potential inter-observer variability in MRI interpre-
tation, and reliance on non-probability sampling, which 
may introduce bias.  Future research should focus on 
multi-center trials, utilizing higher-field MRI machines, ex-
ploring advanced imaging sequences, or incorporating 
radiomics and artificial intelligence to improve the detec-
tion and characterization of meniscal injuries.  Given the 
limited regional data on MRI accuracy for meniscal injuries 
in Pakistan, especially in Khyber Pakhtunkhwa, this study 
provides valuable insights to help orthopedic surgeons 
improve triage and resource management. Establishing 
standardized MRI protocols across centers is essential for 
enhancing diagnostic confidence and consistency.

CONCLUSION 

MRI remains a valuable, non-invasive diagnostic 
tool for assessing suspected meniscal injuries; however, 
its moderate diagnostic accuracy, especially for medial 
meniscal tears, requires careful interpretation. Our find-
ings highlight the importance of not relying solely on MRI 
results in clinical decision-making, particularly when pa-
tient symptoms and examination findings strongly sug-
gest intra-articular pathology. Arthroscopy continues to be 
the definitive diagnostic standard and should be consid-
ered promptly in cases of suspected meniscal injury, even 
if the MRI is inconclusive or negative.
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