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ABSTRACT

Background: Anterior cruciate ligament tear is a frequent cause of post traumatic
knee instability. Arthroscopy is the reference standard but is invasive, whereas
magnetic resonance imaging is widely used as a noninvasive alternative. Aim: To
determine the diagnostic accuracy of magnetic resonance imaging in diagnosing
anterior cruciate ligament tear, using arthroscopy as the gold standard. Materials
and Methods: A cross sectional survey was conducted in the Department of
Diagnostic Radiology, Combined Military Hospital Lahore, over six months (October
2024 to March 2025). Non probability consecutive sampling enrolled 142 patients
aged 16 to 55 years with recent knee trauma within two months and positive anterior
drawer and Lachman tests. Magnetic resonance imaging was performed on a 0.5 tesla
system using multiplanar T1 weighted, T2 weighted, proton density fat saturated,
and short tau inversion recovery sequences. Anterior cruciate ligament tear on
magnetic resonance imaging was defined as non visualization or disruption with
multi fragmented appearance. Arthroscopy was performed under general
anaesthesia by a blinded surgical team and tear was defined as disruption of one
third or more ligament fibers. A 2 by 2 table was used to compute sensitivity,
specificity, predictive values, and diagnostic accuracy. Results: Mean age was 29.4 +
8.7 years and mean body mass index was 25.6 + 3.9 kg/m?; 98 (69.0%) participants
were male. Right knee involvement was seen in 80 (56.3%). Sports injuries
accounted for 65 (45.8%) cases. Arthroscopy confirmed tears in 89 (62.7%).
Magnetic resonance imaging yielded 82 true positives, 46 true negatives, 7 false
positives, and 7 false negatives, giving sensitivity 92.1%, specificity 86.8%, PPV
92.1%, NPV 86.8%, and accuracy 90.1%. Conclusion: Magnetic resonance imaging
showed high diagnostic accuracy for anterior cruciate ligament tear compared with
arthroscopy in clinically suspected injuries.

INTRODUCTION

Arthroscopy has historically been regarded as the

The anterior cruciate ligament (ACL) is a principal
stabilizing structure of the knee and contributes
substantially to functional stability during routine and
athletic activities. ACL tears were reported as relatively
frequent injuries, with an incidence of 68.6 per 100,000
persons per year and a predilection for younger, physically
active individuals. In the absence of the ACL restraint, the
rotational axis may shift medially, increasing susceptibility
of the lateral tibial plateau to anteroposterior instability
[1,2]. Persistent anteroposterior laxity has been linked to
an elevated risk of post traumatic knee osteoarthritis,
functional limitation with reduced activity level, and
impaired health related quality of life. Chronic instability
has been described even after operative management in a
proportion of cases and was reported more commonly
among individuals managed conservatively [3,4].
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diagnostic gold standard for ACL tears; however, it is
invasive, resource intensive, and associated with potential
complications including infection, anaesthesia exposure,
and hospitalization. Consequently, non invasive imaging,
particularly magnetic resonance imaging (MRI), has been
increasingly used to evaluate suspected intra articular
derangements [5,6]. MRI provides excellent soft tissue
contrast and multiplanar capability, facilitating detailed
assessment of complex knee anatomy. Despite these
strengths, variability in MRI performance for ACL injury
has been reported across studies, raising concerns
regarding generalisability across clinical settings and
reader expertise.

Published local and regional evidence has shown
inconsistent diagnostic indices for MRI when arthroscopy
was used as the reference. Ahmed et al. reported MRI
accuracy of 91.89% with sensitivity 93.33%, specificity
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85.71%, PPV 96.55% and NPV 75%, with arthroscopy
positive in 150 cases versus 145 by MRI [6]. Shah et al.
documented markedly lower sensitivity at 66.67% with
specificity 75.90%, PPV 81.13%, NPV 59.43% and
accuracy 70.28%, alongside a higher arthroscopic
detection rate than MRI [7].

Given the heterogeneity in reported sensitivity,
specificity, predictive values, and overall accuracy of MRI
for ACL tears, the present study was designed to determine
the diagnostic accuracy of MRI against arthroscopy.
Establishing local estimates was expected to support
earlier identification and more timely management,
thereby reducing morbidity related to delayed diagnosis
and persistent instability [8,9].

MATERIAL AND METHOD

A cross sectional study was conducted in the Department
of Diagnostic Radiology, Combined Military Hospital
(CMH) Lahore, over a period of six months after approval
of the synopsis. Ethical approval was obtained from the
hospital Ethical Review Committee prior to initiation of
enrolment. Written informed consent was obtained from
all eligible participants before performing magnetic
resonance imaging (MRI) and arthroscopy. Non
probability consecutive sampling was used. The sample
size was calculated as 142 cases using a 95% confidence
level, an expected sensitivity of 87.23% with 7% margin of
error, an expected specificity of 90.40% with 8% margin of
error, and a disease prevalence of 62.40% as previously
reported [7].

Patients of either gender aged 16 to 55 years with
recent post traumatic knee injury within two months were
included. Patients were excluded if MRI findings were
inconclusive, radiographs showed degenerative changes,
or there was a prior history of knee surgery. Additional
exclusions included associated fractures of the femoral
condyle, tibial plateau fractures, dislocated knee,
contraindications to MRI, cardiac insufficiency (ejection
fraction 35% or less) or liver failure (serum bilirubin 1.2
mg/dL or more) as per clinical record, and coagulopathy
(international normalized ratio 1.2 or more) as per clinical
record. ACL tear on MRI was operationally defined as non
visualization or disruption of the ACL with a multi
fragmented appearance. ACL tear on arthroscopy was
defined as direct visualization of disruption of one third or
more of ligament fibers in diameter, arising from the
medial and anterior aspect of the tibial plateau, during a
procedure performed under general anaesthesia.
Diagnostic accuracy of MRI for ACL tear was evaluated
using arthroscopy as the reference standard and
expressed through true positive (ACL tear present on both
MRI and arthroscopy), true negative (ACL intact on both
modalities), false positive (tear on MRI but not on
arthroscopy), and false negative (no tear on MRI but tear
present on arthroscopy). Sensitivity was calculated as true
positives divided by true positives plus false negatives.
Specificity was calculated as true negatives divided by true
negatives plus false positives. Positive predictive value
was calculated as true positives divided by true positives
plus false positives. Negative predictive value was
calculated as true negatives divided by true negatives plus
false negatives. Overall accuracy was calculated as true
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positives plus true negatives divided by the total number
of cases.

After enrolment, age and gender were recorded, and
patients with positive anterior drawer test and positive
Lachman test underwent MRI. MRI was performed on a 0.5
tesla system (Philips Medical System). Multiplanar images
were acquired in axial, coronal, and sagittal planes using
T1 weighted, T2 weighted, proton density fat saturated,
and short tau inversion recovery sequences. MRI images
were interpreted by a consultant radiologist who classified
the ACL as intact or torn based on the operational
definition. Arthroscopy was subsequently performed after
informed consent by the same consultant orthopaedic
surgical team, who remained blinded to the MRI
interpretation. Arthroscopy was performed in a
standardized manner using inferolateral and medial
portals to allow systematic assessment of the entire joint
and its anatomical structures, and the ACL was recorded
as intact or torn. To reduce observer variation, all MRI
examinations were reported by a single senior radiology
consultant with at least five years of experience, and all
arthroscopies were performed by one surgical team.
Potential confounders were addressed primarily through
the exclusion criteria, and all findings were documented
on the study proforma by the investigator.

All data were entered and analysed using Statistical
Package for the Social Sciences (SPSS) version 25.
Numerical variables including age and body mass index
were summarised as mean plus or minus standard
deviation, while categorical variables including gender,
side of limb involvement (right or left), mechanism of
injury (road traffic accident, sports injury, miscellaneous),
and MRI and arthroscopy ACL findings were summarised
as frequencies and percentages. A 2 by 2 contingency table
was constructed, and sensitivity, specificity, positive
predictive value, negative predictive value, and diagnostic
accuracy of MRI for diagnosing ACL tear were calculated
using arthroscopy as the gold standard.

RESULTS

The study included 142 participants who fulfilled the
eligibility criteria and completed both magnetic resonance
imaging (MRI) and arthroscopy. The mean age was 29.4
8.7 years and the mean body mass index was 25.6 + 3.9
kg/m?. Most participants were male (n = 98, 69.0%). Right
knee involvement was recorded in 80 (56.3%) cases.
Sports related trauma was the commonest mechanism (n
= 65, 45.8%), followed by road traffic accidents (n = 52,
36.6%) and miscellaneous mechanisms (n = 25, 17.6%).

Table 1
Baseline characteristics of study participants (n = 142)
n (%) / Mean =

Variable Category

SD
Age (years) Mean + SD 29.4+8.7
Body mass index (kg/m?) Mean + SD 25.6+3.9
Gender Male 98 (69.0)
Female 44 (31.0)
Side involved Right 80 (56.3)
Left 62 (43.7)
Mechanism of injury Sports injury 65 (45.8)
Road traffic
accident 9 (E1549)
Miscellaneous 25 (17.6)
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Arthroscopy confirmed anterior cruciate ligament tear in
89 (62.7%) cases, consistent with the anticipated disease
frequency used for sample size estimation.[9] On MR],
anterior cruciate ligament tear was reported in 89 (62.7%)
cases. Cross tabulation of MRI findings against arthroscopy
showed 82 true positive cases and 46 true negative cases.
False positive MRI diagnosis occurred in 7 cases, while 7
cases were false negative on MRI but were confirmed as
tears on arthroscopy.

Table 2
MRI versus arthroscopy findings for anterior cruciate

ligament tear (n = 142)
Arthroscopy tear

Arthroscopy tear

MRI finding present absent Total
Tear present 82 (TP) 7 (FP) 89
Tear absent 7 (FN) 46 (TN) 53
Total 89 53 142

Using arthroscopy as the reference standard, MRI
demonstrated sensitivity of 92.1% and specificity of
86.8%. The positive predictive value was 92.1% and the
negative predictive value was 86.8%. Overall diagnostic
accuracy was 90.1%.

Table 3
Diagnostic performance of MRI for anterior cruciate
ligament tear using arthroscopy as gold standard (n = 142)

Measure Estimate (%)

Sensitivity 92.1

Specificity 86.8

Positive predictive value 92.1

Negative predictive value 86.8

Diagnostic accuracy 90.1
DISCUSSION

The present analysis evaluated magnetic resonance
imaging (MRI) for detection of anterior cruciate ligament
(ACL) tear using arthroscopy as the reference standard
and demonstrated high overall performance, with
sensitivity 92.1%, specificity 86.8%, positive predictive
value 92.1%, negative predictive value 86.8%, and
diagnostic accuracy 90.1%. These indices supported MRI
as a reliable noninvasive diagnostic modality in patients
with recent post traumatic knee injury selected on clinical
suspicion (positive anterior drawer and Lachman tests),
while also indicating that false positive and false negative
interpretations remained clinically relevant when
operative decisions were being considered.

The observed sensitivity was comparable to several
reports in which MRI identified most arthroscopically
proven ACL tears. Ahmed et al. reported sensitivity
93.33% with diagnostic accuracy 91.89% in a series of 185
patients, supporting MRI as a strong rule in test in
clinically suspected cases [10]. A similar study reported
sensitivity 97.4% with accuracy 92.0%, reflecting a low
false negative rate when standardized criteria were
applied [6]. Zhao et al. also reported high sensitivity
(95.45%) and accuracy (94.87%) for MRI relative to
arthroscopy, further reinforcing that MRI can detect the
majority of ACL disruptions when image acquisition and
interpretation are optimized [11]. In addition, a meta
analysis by Li et al. reported pooled sensitivity of 87% and
specificity of 90%, placing the present sensitivity above
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the pooled estimate while maintaining specificity close to
the pooled benchmark [12].

Specificity in the present findings (86.8%) remained
within the range described in clinical practice studies,
though it was lower than values reported in some high
specificity series. Ahmed et al. reported specificity 85.71%,
aligning closely with the present results and supporting
the likelihood of false positive MRI findings in routine
settings [10]. In contrast, Sampson et al. reported excellent
performance for 3 Tesla MRI in the injured knee, with very
high accuracy for ACL evaluation when compared with
arthroscopic findings, suggesting that field strength,
sequence optimization, and interpretive expertise can
materially influence false positive rates [13]. Koch et al.
also described high specificity for 1.5 Tesla MRI for knee
internal derangements, while highlighting that false
negative lesions and lesion complexity contribute to
imperfect agreement with arthroscopy [14]. These
observations provide a plausible explanation for the
present balance of sensitivity and specificity in a 0.5 Tesla
setting, where diagnostic confidence may be reduced for
subtle fiber discontinuity, partial tears, or motion related
artefacts.

The present positive and negative predictive values
were also clinically informative. The positive predictive
value of 92.1% implied that an MRI reported ACL tear was
highly likely to be confirmed arthroscopically within this
clinically enriched sample, which is consistent with the
high pre test probability created by inclusion based on
clinical instability tests. Comparable positive predictive
values were reported by Ahmed et al. (96.55%) and
Remsha et al. (92.5%) [11]. Conversely, the negative
predictive value of 86.8% indicated that a negative MRI
meaningfully reduced the likelihood of ACL tear but did
not exclude it with certainty, particularly when clinical
suspicion remained high. This pattern parallels evidence
that negative predictive values vary with disease
prevalence and referral pathways, as reflected in studies
reporting lower negative predictive values in higher
prevalence settings [15,16]. Phelan et al,, in a systematic
review and meta analysis, emphasized variability in
diagnostic accuracy studies and noted frequent concerns
regarding bias and applicability, which may partly account
for dispersion of predictive values across settings [17].

Comparison with regional literature further
contextualized the present findings. Another study
reported substantially lower sensitivity (66.67%) and
diagnostic accuracy (70.28%), with a large discrepancy
between MRI and arthroscopic detection of ACL tears [16].
The divergence from the present sensitivity may reflect
differences in MRI protocols, scanner characteristics,
reader thresholds, and case mix, including the proportion
of partial tears and concomitant injuries that can obscure
ligament assessment. Additional local reports from
military and tertiary care settings have similarly described
high sensitivity and acceptable specificity, though the
magnitude of specificity has been more variable,
consistent with the persistent issue of false positive
interpretation in selected contexts [17,18].

The present findings supported the use of MRI as a
first line, non invasive test for suspected ACL tear in the
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studied setting, with diagnostic accuracy broadly
consistent with high quality evidence and several regional
series [12,13,16,19]. However, the variability reported
across studies, including markedly lower sensitivity in
some series, indicated that performance is not uniform
and remains dependent on scanner capability, imaging
protocol, interpretive expertise, and the clinical spectrum
of injuries referred for imaging. Where MRI is performed
on lower field strength systems, careful attention to
multiplanar sequences and standardized reporting criteria
remains essential. When discordance exists between MRI
findings and clinical instability, arthroscopy continues to
provide definitive confirmation and simultaneous
therapeutic opportunity.
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