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ABSTRACT
Objective: To determine the diagnostic accuracy of Magnetic Resonance Imaging (MRI) in detecting anterior cruciate liga-
ment (ACL) tears, using arthroscopy as the gold standard.

Material And Methods: We conducted this cross-sectional validation study in the Orthopedics Department at Khyber Teach-
ing Hospital, Peshawar. A total of 296 patients were enrolled. All participants underwent knee MRI and were compared with 
arthroscopic findings, which served as the reference standard. Diagnostic parameters and overall accuracy were calculated. 
Statistical analysis was performed using SPSS 25.

Results: Of the 296 patients, MRI detected ACL tears in 172 (58.1%) cases, while arthroscopy confirmed tears in 197 (66.6%) 
cases. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of MRI were 70.1%, 
65.7%, 80.1%, and 52.4%, respectively, with an overall diagnostic accuracy of 68%. A statistically significant association was 
observed between MRI and arthroscopy findings (p< 0.01). The ROC curve demonstrated fair discriminative ability of MRI.

Conclusion: MRI exhibits moderate diagnostic accuracy in detecting ACL tears, with a reliable predictive value when results 
are positive. However, its limited sensitivity and specificity in this context highlight the need for cautious interpretation, es-
pecially in MRI-negative cases. Arthroscopy remains the definitive diagnostic tool, particularly for ambiguous or complex 
injuries.
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The knee is a hinge joint, connecting the tibia and 
femur. Its stability mainly relies on the surrounding liga-
ments. Of the eleven ligaments that support the joint, the 
anterior cruciate ligament (ACL) is especially important for 
preventing the tibia from moving forward relative to the fe-
mur. 1 The knee undergoes significant mechanical stress 
during daily activities, with sports-related injuries being a 
leading cause. The ACL is the most commonly torn liga-
ment in the body, accounting for about 28.9% of all liga-
ment injuries. Because of its close location, ACL tears are 
often accompanied by injuries to the medial and lateral 
collateral ligaments. 2

Magnetic Resonance Imaging (MRI) and arthros-
copy have significantly improved the diagnosis of knee 
conditions. MRI is often preferred for its non-invasive ap-
proach and high sensitivity in detecting meniscal injuries; 
however, its effectiveness in identifying ACL tears is still 
debated. 3 MRI provides superior soft tissue contrast and 
multi-planar capabilities, making it especially useful for ex-
amining the complex anatomy of the knee. Reported MRI 
sensitivities include 87.8% for ACL tears, 93.5% for medial 
meniscal tears, and 77.7% for lateral meniscal tears. 4

MRI not only visualizes all intra-articular ligaments 
but also detects certain extra-articular structures that may 
be missed during arthroscopy. Arthroscopy, on the other 
hand, is a minimally invasive procedure usually done as 
a day case and remains the gold standard for diagnosing 
intra-articular ligament injuries. 5 However, emerging evi-
dence shows that a reliable MRI can help reduce unneces-
sary diagnostic arthroscopies. 6 Shakir et al. reported that 
MRI had a sensitivity of 66.7%, specificity of 75.9%, pos-
itive predictive value (PPV) of 81.1%, negative predictive 
value (NPV) of 59.4%, and an overall diagnostic accuracy 
of 70.3% in detecting ACL tears. 7
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In our clinical setting, patients with suspected liga-
mentous knee injuries routinely undergo MRI, followed by 
arthroscopy when indicated. Despite the widespread use 
of MRI, no recent local study has evaluated its diagnos-
tic accuracy specifically for ACL injuries. This study was 
therefore designed to determine the accuracy of MRI in 
detecting ACL tears, using arthroscopy as the gold stan-
dard. The findings aim to support orthopedic surgeons in 
counseling patients more effectively and may help reduce 
the need for invasive diagnostic procedures when MRI 
findings are sufficiently reliable.

MATERIALS AND METHODS
A cross-sectional validation study was conducted 

in the Department of Orthopaedics at Khyber Teaching 
Hospital, Peshawar, over a six-month period from Novem-
ber 2024 to May 2025, after obtaining ethical approval. 
The sample size was determined using Buderer’s formula, 
considering an expected prevalence of ACL tear at 28.9%, 
MRI sensitivity of 66.7%, and specificity of 75.9%, with a 
10% margin of error and a 95% confidence interval. This 
resulted in a required sample size of 296 participants. 7

Patients aged between 18 and 60 years, of either 
gender, and clinically suspected of having a partial or 
complete ACL tear were enrolled through a non-proba-
bility consecutive sampling method. Exclusion criteria in-
cluded previous surgical procedures on the affected knee, 
contraindications to MRI or arthroscopy, dislocated knees, 
or fractures involving the femoral condyle or tibial plateau.

After obtaining informed written consent, partici-
pants were recruited from the orthopedic outpatient clinic. 
Demographic and clinical variables, including age, gender, 
BMI, laterality, duration of symptoms, socioeconomic sta-
tus, education level, occupation, and place of residence, 
were recorded on a structured form. Clinical assessment 
was performed by a senior orthopedic surgeon.

All participants underwent MRI using a 1.5 Tesla 
Magnetom Harmony scanner (SIEMENS, Munich, Germa-
ny) with a dedicated knee coil. Sequences included T1, 
T2, STIR, PD, and PD with fat suppression, captured in 
axial, sagittal, and coronal planes. For optimal ACL visu-
alization, sagittal images were taken with the knee flexed 
at 15° in a supine position. MRI scans were interpreted 
by a senior radiologist with over five years of post-fel-
lowship experience. An ACL tear on MRI was defined 
using standard criteria. A complete tear was diagnosed 
based on complete fiber discontinuity, non-visualization, 
or abnormal laxity of the ligament, often accompanied by 
secondary signs. A partial tear was defined as increased 
intraligamentous signal with partial fiber disruption but 
preserved continuity. A normal ACL appeared as a con-
tinuous, low-signal, well-oriented ligament. All patients 
underwent diagnostic arthroscopy, performed by a sports 
fellowship-trained orthopedic surgeon under general or 

spinal anesthesia. The radiologist was blinded to the clini-
cal examination findings, and the orthopedic surgeon was 
blinded to the MRI report until after the arthroscopy was 
completed.

Data were collected and entered by the principal 
investigator. Statistical analysis was performed using IBM 
SPSS version 25. Descriptive statistics were presented as 
means and standard deviations for continuous variables 
and as frequencies and percentages for categorical vari-
ables. A 2×2 contingency table was used to calculate the 
sensitivity, specificity, PPV, NPV, and overall diagnostic 
accuracy of MRI compared to arthroscopy. 95% confi-
dence intervals (CIs) were reported for all these indices. 
McNemar’s test was used to compare correlated propor-
tions, and receiver operating characteristic (ROC) curves 
were plotted to evaluate overall diagnostic performance. A 
p-value less than 0.05 was considered statistically signifi-
cant. The Standards for Reporting of Diagnostic Accuracy 
Studies (STARD) 2015 Protocols were followed in report-
ing this study. 8

RESULTS
A total of 296 patients were enrolled in the study. 

Most of them were male (80.7%), with a mean age of 31 ± 
4.92 years. Baseline demographic and clinical character-
istics of the study population are presented in Table 1. The 
study’s patient flowchart is given in Figure 1.

ACL tears were identified on MRI in 172 patients 
(58.1%), while 124 (41.9%) showed no tear. Arthroscopy, 
used as the reference standard, confirmed ACL tears in 
197 patients (66.6%) and ruled out tears in 99 (33.4%). 
A cross-tabulation of MRI findings against arthroscopy is 
presented in Table 2. The overall diagnostic metrics, along 
with their confidence intervals and statistical significance, 
are presented in Table 3.

The likelihood ratio analysis showed a positive 
likelihood ratio (LR+) of 2.04 and a negative likelihood ra-
tio (LR−) of 0.45, indicating that a positive MRI moderately 
increases the probability of an ACL tear, while a negative 
MRI reduces the probability but does not reliably exclude 
the diagnosis.

The ROC curve revealed an area under the curve 
(AUC) of 67.9% (95% CI: 61.3%–74.4%) for the ACL tear 
on MRI (Figure 2).

S Subgroup analysis revealed better MRI perfor-
mance in complete versus partial ACL tears. For complete 
tears, sensitivity, specificity, PPV, NPV, and diagnostic ac-
curacy were 82.4%, 72.1%, 88.6%, 62.3%, and 78.9%, re-
spectively, while for partial tears, these values were lower 
at 58.7%, 60.4%, 66.2%, 52.8%, and 59.5%. Similarly, MRI 
showed higher diagnostic performance in early presen-
tations (<6 weeks), with sensitivity, specificity, PPV, NPV, 
and accuracy of 85.2%, 76.8%, 89.5%, 70.4%, and 82.1%, 
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DISCUSSION
In this study of 296 patients, MRI showed a sensi-

tivity of 70.1% and a specificity of 65.7% for detecting ACL 
tears compared to arthroscopy, with an overall accuracy 
of 68%. This matches findings from a similar cross-sec-
tional study of a local cohort, which reported comparable 
sensitivity (66.7%), specificity (75.9%), PPV (81.1%), and 
accuracy (70.3%) of MRI in diagnosing ACL injuries.7

However, our sensitivity is significantly lower than 
what has been reported in several international studies. 
For example, a prospective Chinese study of 78 patients 
found an MRI sensitivity of 95.45% and a specificity of 

Fig 1:Patient flow diagram throughout the study

Fig 2: ROC curve for MRI in detecting ACL tears

Table No 1: Baseline demographic and clinical characteris-
tics of the study population (n=296).

Characteristics N (%), mean ± SD

Enrolled cases 296 (100%)

Gender Male 239 (80.7%)

Female 57 (19.3%)

Age (years) 31 ± 4.92

Weight (kgs) 73 ± 6.89

Height (meters) 1.7 ± 1.01

BMI (kg/m²) 24.1 ± 3.34

Duration of symptoms (months) 12 ± 2.47

Age groups 
(years)

20–25 106 (35.8%)

26-30 101 (34.1%)

31-35 54 (18.2%)

36-40 31 (10.5%)

>40 4 (1.3%)

Injury Type RTA 165 (55.7%)

Fall form height 74(25%)

Sports related 57 (19.3%)

Residence Rural 188(63.5%)

Urban 108 (36.5%)

Socioeconomic 
group

Lower-income group 100(33.8%)

Middle-income group 104 (35.1%)

Higher-income group 92 (31.1%)

Table No 2: Comparison of MRI and arthroscopic findings in 
detecting ACL tears

ACL Tear on Arthroscopy χ² (P-value)

ACL Tear 
on MRI

+ - 6.72 (<0.01)

+ 138 (46.6%) 34 (11.4%)

- 59 (19.9%) 65 (21.9%)

Table No 3: Diagnostic performance of MRI in identifying 
ACL tears using arthroscopy as the reference standard

MRI ACL Tear (95% CI) χ²

(p-value) 70.1% (63.4%, 76.2%) 460.8 (<0.01)

Specificity 65.7 % (56%, 74.5%) 189.3 (<0.01)

PPV 80.1% (73.9%, 85.7%) 698.1 (<0.01)

NPV 52.4% (43.6%, 61.1%) 136.6 (<0.01)

Diagnostic Accuracy 68%

compared to 62.7%, 60.3%, 73.4%, 47.6%, and 61.5% in 
late presentations (>6 weeks).
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especially convolutional neural networks, have demon-
strated high accuracy in detecting ACL tears on MRI, of-
ten approaching or exceeding clinician performance, with 
pooled sensitivity and specificity reported around 87–91% 
in systematic analyses. 21 

Specific AI-assisted approaches have achieved 
near-perfect diagnostic accuracy in some studies, out-
performing less-experienced readers. 22 Certain multi-
center validations show strong generalizability across 
scanners and populations. 23 Machine learning models 
using multi-sequence radiomics have reported high AUCs 
with robust performance in both training and validation 
cohorts.  24 Together, these findings suggest that AI-en-
hanced imaging can improve diagnostic accuracy and 
streamline workflow efficiency.

Advanced quantitative MRI techniques, including 
3D isotropic imaging, T2 mapping, diffusion tensor imag-
ing, and super-resolution protocols, improve microstruc-
tural visualization of the ACL, enhancing the detection of 
subtle and partial tears. Although ACL-specific evidence 
remains limited, promising results from accelerated 3T 
deep learning–based imaging indicate strong future po-
tential. 25 Diagnostic accuracy varies globally due to fac-
tors such as radiologist expertise, scanner variability, 
and injury chronicity; however, AI-assisted tools can help 
standardize interpretations and close this gap. These ad-
vances may also boost cost-effectiveness by reducing 
scan times and unnecessary arthroscopies, especially in 
resource-limited settings. 26, 27 Clinically, this supports an 
integrated diagnostic approach combining patient history, 
physical examination, and AI-enhanced MRI, with arthros-
copy reserved for discordant cases pending further large-
scale validation.

This study has several limitations. Including both 
complete and partial ACL tears, especially partial tears, 
likely reduced diagnostic accuracy, as shown in our sub-
group analysis (complete tears 78.9% vs. partial tears 
59.5%). Only one non-specialist radiologist interpreted 
the scans, which could have caused reader variability. Al-
though all patients had arthroscopy, the single-center de-
sign might limit how well the results apply to other clinical 
settings. Also, differences in the timing of MRI after injury 
could have affected sensitivity, as delayed imaging may 
hide subtle ligament abnormalities.

Our PPV of 80.1% indicates that MRI-positive find-
ings remain fairly predictive of ACL tears confirmed by ar-
throscopy in our setting. The lower NPV (52.4%) warns 
against ruling out ACL injury based solely on MRI-negative 
results. These findings reinforce that, while MRI provides 
useful non-invasive diagnostics, it should be interpreted 
alongside clinical examination and surgeon judgment, 
especially in cases of uncertain or partial tears. In such 
situations, arthroscopy is still essential for a definitive di-
agnosis.

91.67% (accuracy of 94.87%) for diagnosing ACL injury.9 A 
meta-analysis of 21 studies published between 2006 and 
2016 pooled sensitivity and specificity at 87% and 90%, 
respectively (AUC = 0.93). 10 Similarly, high performance 
(> 90% sensitivity) was reported by a Pakistani cohort 
from Lahore (93.3% sensitivity, 85.7% specificity, accura-
cy 91.9%) and a military hospital study (93.2% sensitivity, 
76.3% specificity, accuracy 90%). 11, 12

Our lower sensitivity and specificity may be due 
to several factors. The use of a 1.5 T MRI scanner, which 
offers diagnostic accuracy comparable to 3 T for ACL in-
juries according to meta-analyses, is one such factor. Inclusion 
of partial tears, which are inherently more difficult to de-
tect because they may resemble mucinous degeneration, 
exhibit normal or subtle signal changes, or present with 
ambiguous imaging features, likely reduced overall per-
formance. This is supported by our subgroup analysis, in 
which complete tears showed higher diagnostic accuracy 
(78.9%) than partial tears (59.5%), aligning with the litera-
ture that indicates significant challenges in identifying nu-
anced or incomplete ligament disruptions. 13, 14. Addition-
ally, the timing of imaging affects accuracy: delayed MRIs 
may allow edema to resolve and scar tissue to form, ob-
scuring ligament abnormalities, which has been shown to 
impact detection and agreement in related knee ligament 
pathology. 15 Finally, interpreter experience plays a role, as 
specialist musculoskeletal radiologists generally achieve 
higher diagnostic performance than general readers, and 
differences in expertise may have contributed to the mod-
erate accuracy observed in our cohort, since radiologist 
experience influences accuracy. 16 Taken together, the 
combination of subtle partial tears, timing of imaging, and 
non-specialist interpretation likely explains our lower diag-
nostic performance compared to studies reporting higher 
accuracy under optimized conditions.

Conversely, several studies highlight that MRI’s 
diagnostic accuracy may surpass that of manual examina-
tion in complex or partial injuries, although results vary de-
pending on the reader’s expertise. Navali et al. and Kostov 
et al. reported clinical tests (Lachman, anterior drawer) 
that, in some cases, matched or exceeded MRI accuracy 
when performed by experienced examiners. 17, 18 In other 
settings, MRI proved to be more sensitive, especially for 
complex injuries. 9, 19 

A related study evaluating the diagnostic perfor-
mance of clinical tests for meniscal pathology concluded 
that clinical examination and MRI should be used togeth-
er to enhance diagnostic accuracy. 20 These qualitative 
reports support the idea that MRI may both overcall and 
undercall tears in ambiguous cases, particularly if imaging 
is performed early when swelling is present, or if interpre-
tation lacks specialized expertise.

Beyond diagnostic performance, AI integration is 
rapidly advancing ACL imaging. Deep learning models, 
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CONCLUSION
MRI showed moderate diagnostic accuracy for 

ACL tears in our group, with an overall accuracy of 68%. 
While a positive MRI reliably confirms an ACL tear, the low 
negative predictive value (52.4%) indicates that a negative 
MRI cannot confidently rule out the injury. Therefore, clin-
ical judgment should guide decisions, and arthroscopy 
remains the definitive standard, especially for partial or un-
clear injuries. MRI acts as a useful, non-invasive screening 
method, but negative results should not replace thorough 
clinical examination.
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