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Diagnostic Value of M agnetic Resonance I maging in Detecting Meniscus Injuries
Keeping Arthroscopy as Gold Standard
Sobia, Tanzeel Rustam, Nadeem Shahzad

ABSTRACT

Objective: To determine the diagnostic accuracy of magnetic resonance imaging (MRI) for detecting meniscal injuriesin
patients with knee trauma, using arthroscopy as the reference standard.

Study design and setting: Cross-sectional validation study conducted in the Department of Radiology, PAEC General
Hospital, Islamabad.

Methodology: Using non-probability consecutive sampling, 143 patients aged 18—70 years with clinically suspected meniscal
injury after knee trauma within the preceding two months were enrolled. All participants underwent knee MRl on a1.5-T
scanner with a dedicated knee coil, followed by arthroscopy. MRI findings were compared with arthroscopic findings, and
a 2x2 contingency table was used to calcul ate sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and diagnostic accuracy.

Results: The mean age was 36.8+12.4 years, 94 patients (65.7%) were male, and the right knee was involved in 82 (57.3%).
Arthroscopy demonstrated a meniscal tear in 105 patients (73.4%), whereas MRI demonstrated atear in 104 (72.7%).
Overall, MRI yielded 97 true-positive, 31 true-negative, 7 false-positive, and 8 false-negative results. Sensitivity was 92.4%,
specificity 81.6%, PPV 93.3%, NPV 79.5%, and overall diagnostic accuracy 89.5%.

Conclusion: MRI demonstrated high diagnostic accuracy for meniscal injuries and is a useful non-invasive preoperative
diagnostic modality. Arthroscopy remains the reference standard, particularly when persistent mechanical symptoms or
therapeutic intervention require direct intra-articular assessment.
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INTRODUCTION

Menisci are fibrocartilaginous structures in the shape of
crescent that is placed between the tibia plateau and the
femur condyles. Medial and lateral menisci are important
in load distribution, shock absorption, joint lubrication,
proprioception and stability of tibiofemoral joint. The
compressive load at the knee is more than half transmitted
through the menisci, and changes in biomechanics may
occur through loss of meniscd integrity that changes contact
pressure and accelerates cartilage degeneration. The

concept of contemporary kneeinjury management.* Meniscal
injuries commonly occur in young athletes, physically active
adults, manual workers, and older patients with degenerative
knee disease. Acute tears are normally initiated during
twisting, pivoting, squatting, jumping or sudden change of
direction. Lateral meniscal tears tend to be more common
than medial meniscal tears since the medial meniscusis
less freely mobile and is strongly fixed to both the joint
capsule and medial collateral ligament. Rotational trauma

preservation of the meniscus has thus emerged as a key
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islikely to cause lateral tears that can be accompanied by
anterior cruciate ligament damage.2Meniscal injury clinically
can be characterized by pain in the knee, joint swelling,
perialongational tenderness, mechanical locking, clicking,
giving way, painful squatting, and decreased range of
motion. Clinical diagnosis, however, might prove to be
challenging, owing to the similarity of the symptoms, with
those associated with ligament injuries, chondral lesions,
synovitis, osteoarthritis, bone contusion, and pathology of
the patella-femur joint. Various clinical examinations are
employed including McMurray, Apley, Thessaly and joint-
line tenderness but they have inconsistent success rates with
examiner experience, acute pains, patient cooperation, and
other related knee injuries.®
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Accurate diagnosisis significant since the choice of treatment
requires knowledge of the type of tear, area of fal, chronicity,
vascular zone, the age of the patient, activities level, and
local pathology. The therapeutic implications of vertical,
longitudinal, radial, oblique, horizontal, bucket-handle, flap,
and complex tears are different.* Arthroscopy is the reference
standard in the diagnosis of intra-articular knee pathol ogy.
It directly visudizes the menisci, articular cartilage, cruciate
ligaments, synovium, and other intra-articular structures. It
also enables therapeutic intervention concurrently.
Arthroscopy is however invasive in nature, expensive, needs
anesthesig; it also has risks of infection, hematarthrosis,
venous thromboembolism, neurovascular damage, anesthetic
complications and post-operative stiffness.®

MRI is now the most significant non-invasive modality, in
terms of assessing suspected meniscal injury. MRI offersa
superb soft-tissue contrasting and multiplanar image of
menisci, cartilage, ligaments, bone marrow, and periarticular
structures. MRI is able to detect morphology, localization,
grade, and ligament injury, bone bruise, effusion, and chondra
defects in tears. It has a specific value in preoperative
planning and preventing unnecessary arthroscopy of patients
with no surgically significant intra-articular pathology.°MRI
grading of meniscal signal abnormalitiesisclinically useful.
Grade | signal is focal intrameniscal elevated signal not
reaching the articular surface. Grade |l signd isnon-extensive
and linear intrameniscal signal. Grade |11 signal istransmitted
to the articular surface and is typically seen as diagnostic
of meniscal tear. Patterns of tears are vertical, oblique, radial,
horizontal, flap, bucket-handle and complex tears.
Nevertheless, there isthe possibility of interpretation being
influenced by magic-angle artifact, degeneration, post-
surgical alteration, partial-volume effect, imaging quality
and radiologist expertise.” Variationsin diagnostic reliability
of MRI concerning meniscal tear have been published.
Sensitivity ranging above 90% and diagnostic accuracy
above 85% are reported in some studies, but lower values,
especially when compared to lateral meniscal tears and
posterior horn lesions are reported in other studies. The
differences could be associated with scanner strength, MRI
protocol, morphology, tear morphology, timeinterval between
MRI and arthroscopy and what constitutes positive tear.®
Recent research keeps upholding MRI asaprimary diagnostic
instrument in suspected meniscd injury. Khalid et d. indicated
that MRI had a sensitivity of 94, specificity of 87.8, and a
diagnostic accuracy of 92.2 in the detection of meniscal
tears with respect to arthroscopy.® El-Hagrasy et al. indicated
aMRI-based accuracy of 88.64% and 87.27% with medial
meniscal tears and lateral tears respectively.®In the current
study, the diagnostic accuracy of MRI as compared to
arthroscopy (the reference standard) in identifying meniscal
injuries in patients with knee trauma was carried out in
PAEC Genera Hospital, |slamabad.

METHODOLOGY

This cross-sectional validation study was conducted in the
Department of Radiology, PAEC General Hospital,
Islamabad, from 23 February 2026 to 22 May 2026 after
institutional ethical review committee approval. The study
aimed to determine the diagnostic accuracy of MRI for
meniscal injuries after knee trauma, using arthroscopy as
the reference standard. Written informed consent was obtained
before enrollment and the planned investigations, and
participant confidentiality was maintained. The size of the
sample was obtained with the WHO sengitivity and specificity
calculator. The confidence level was kept at 95%. Current
diagnostic-accuracy evidence suggested a 41.1% expected
proportion of lateral meniscal tears, 94.0% expected
sensitivity, and 87.8% specificity needed, which in turn
determined the precision was 7%. With these assumptions,
a sample size of 143 was obtained. Non-probability
consecutive sampling was employed and enrolIment occurred
to all the qualified patients who attended the study within
the study period until the sample size was achieved.
Individuals with a clinical suspicion of meniscal injury
caused by knee trauma in the last 2 months aged over 18
years and below 70 years were included. The clinical
suspicion was on the basis of knee trauma and pain of over
3 out of 10 on visual analogue scale and limited joint
movement during clinical examination. Both maleand femae
patients were included. The patients were disgqualified who
underwent knee surgery before, had a severe knee disease,
degenerative changes or loose bodies on plain radiographies,
who were claustrophobic, had a pacemaker, or who had a
metallic implant disallowing MRI.

A structured proformawas used to record demographic and
clinical data, including age, sex, body mass index, trauma
duration, affected side, suspected meniscus, MRI result, and
arthroscopic result. MRI was performed on a 1.5-T scanner
using a dedicated knee coil with multiplanar, multisequence
imaging according to the departmental protocol. Images
were interpreted by senior radiologists with at least five
years of muscul oskeletal-imaging experience. A meniscal
tear on MRI was considered positive when abnormal
intrameniscal signal extended to an articular surface or when
a definite tear morphology was reported. All participants
subsequently underwent arthroscopy in the orthopedic
department. The operating surgeon documented the
arthroscopic findings, and the presence or absence of a
meniscal tear was used as the reference standard. Tear
morphology was recorded where available, including
vertical/longitudinal, oblique, radial, horizontal, flap, bucket-
handle, and complex tears. Blinding: The available study
record does not document whether MRI readers were blinded
to clinical and arthroscopic findings or whether the
arthroscopist was blinded to the MRI report. The authors
should confirm the actual blinding procedure from the
original study records. In the absence of documented blinding,
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thisis acknowledged as a potential source of review hias.

True positive was considered as the presence of meniscal
injury during both MRI and arthroscopy. True negative was
taken to be lack of both MRI and arthroscopy meniscal
injury. False positive has been defined as meniscal injury
in MRI but is not found on arthroscopy. False negative, This
was considered to be meniscal injury that was not seen on
the MRI but was seen on arthroscopy. Data were entered
and analyzed using SPSS version 25. Quantitative variables
such as age, BMI, and trauma duration were summarized
as mean+SD, while categorical variables were presented as
frequencies and percentages. Arthroscopy was treated as
the reference standard and an overall 2x2 contingency table
was constructed. Sensitivity, specificity, PPV, NPV, and
diagnostic accuracy were calculated as percentages. Stratified
analyses by meniscustype and selected clinical characteristics
were descriptive and exploratory; the primary inference was
based on the overall 2x2 diagnostic analysis.

RESULTS

Therewere 143 patientsthat had clinically suspected meniscal
injury and had posttraumatic knee injury. The mean age was
36.8+12.4 years, with an age range of 18-69 years. The bulk
of patients were young and middle-aged adults. Seventy-
one patients (49.7%) were aged 18-35 years, 49 (34.3%)
were aged 36-50 years, and 23 (16.1%) were older than 50
years. Male patients were 94 (65.7%), while femal e patients
were 49 (34.3%). The mean BMI was 26.1+3.8 kg/m2. The
right knee was affected in 82 patients (57.3%), and the left
knee in 61 (42.7%). Mean weeks of trauma= 4.8 + 2.1.

Media meniscal injury was more frequently suspected on
clinical assessment as compared with lateral meniscal injury.
The media meniscus involvement was noted in 84 patients
(58.7%), and the lateral meniscus involvement was noted
in 59 patients (41.3%). MRI showed meniscal tear in 104
patients (72.7%) and no tear in 39 patients (27.3%). In 105
patients (73.4%), a meniscal tear was confirmed by
arthroscopy and, in 38 patients (26.6%), there was none. Of
the 105 patients with positive arthroscopy, MRI detected
tears with the correct information in 97 patients, but failed
to detect 8 patients. Of the 38 patients with arthroscopy
negative cases, MRI correctly ruled out tear in 31 patients
whereas 7 patients were wrongly identified as positive using
MRI. Consequently MRI had 97 true positives, 31 true
negatives, 7 false positives and 8 false negatives. Overall
MRI sensitivity for detecting meniscal injury was 92.4%,
specificity was 81.6%, PPV was 93.3%, NPV was 79.5%,
and overall diagnostic accuracy was 89.5%. For medial
meniscal injury, the reported cell counts give sensitivity
94.1%, specificity 83.1%, PPV 85.3%, NPV 93.1%, and
accuracy 88.7% (118/133). For lateral meniscal injury, the
reported cell counts give sengtivity 88.6%, specificity 91.7%,
PPV 77.5%, NPV 96.1%, and accuracy 90.9% (130/143).
The media-meniscus cell counts total 133 rather than 143;

therefore, the authors should verify the 10 unclassified /
missing meni scus-specific observations against the original
dataset before submission. Exploratory stratified analysis
showed diagnostic accuracy of 91.5% in males and 85.7%
in females. Accuracy was 91.5% in patients aged 18-35
years, 85.7% in those aged 36-50 years, and 91.3% in those
aged >50 years. Accuracy was 91.5% for right-knee injuries
and 86.9% for left-knee injuries, and was higher in patients
presenting within four weeks of trauma than in those
presenting later. Overall, MRI demonstrated high diagnostic
performance for meniscal injuries in this cohort and was
useful as a non-invasive assessment before arthroscopy.

Table 1. Baseline demographic, clinical, MRI, and arthroscopy
characteristics of patients (n=143)
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Variable Frequency | Percentage
Age, years 36.8 +12.4
Age 18-35 years 71 49.7%
Age 36-50 years 49 34.3%
Age >50 years 23 16.1%
Male 94 65.7%
Female 49 34.3%
BMI, kg/m?2 26.1 +3.8
BMI <25 kg/m? 59 41.3%
BMI =25 kg/m? 84 58.7%
Trauma duration, weeks 4.8 +2.1
Trauma duration =4 weeks 78 54.5%
Trauma duration >4 weeks 65 45.5%
Right knee affected 82 57.3%
Left knee affected 61 42.7%
MRI and arthroscopy findings
Suspected medial meniscus injury 84 58.7%
Suspected lateral meniscus injury 59 41.3%
MRI positive for meniscal tear 104 72.7%
MRI negative for meniscal tear 39 27.3%
Arthroscopy positive for meniscal tear 105 73.4%
Arthroscopy negative for meniscal tear 38 26.6%
Medial tear on arthroscopy 68 47.6%
Lateral tear on arthroscopy 35 24.5%
Combined/complex tear 2 1.4%
Vertical/longitudinal tear 31 21.7%
Horizontal tear 24 16.8%
Radial tear 18 12.6%
Bucket-handle tear 12 8.4%
Complex tear 20 14.0%
Table 2. Overall 2x2 diagnostic table of MRI compared with
arthroscopy
MRI finding Ar;gg’t’;‘\’/%py Aﬁg&%ﬁf’?y Total
MRI positive 97 7 104
MRI negative 8 31 39
Total 105 38 143
Page-1003
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Table 3. Diagnostic accuracy of MRI for detecting meniscal injuries

Diagnostic parameter |Overall meniscal tear | Medial meniscustear | Lateral meniscustear
True positive 97 64 31
False positive 7 11 9
False negative 8 4 4
True negative 31 54 99
Sensitivity 92.4% 94.1% 88.6%
Specificity 81.6% 83.1% 91.7%
Positive predictive value 93.3% 85.3% 77.5%
Negative predictive value 79.5% 93.1% 96.1%
Diagnostic accuracy 89.5% 88.7% 90.9%

Table 4. Stratified diagnostic accuracy of MRI

Variable Truepositive | Falsepositive | Falsenegative | Truenegative | Accuracy
Age 18-35 years 51 3 3 14 91.5%
Age 36-50 years 32 3 4 10 85.7%
Age >50 years 14 1 1 7 91.3%
Male 67 4 4 19 91.5%
Female 30 3 4 12 85.7%
BMI <25 kg/m? 39 2 3 15 91.5%
BMI =25 kg/m? 58 5 5 16 88.1%
Trauma duration =4 weeks 55 3 3 17 92.3%
Trauma duration >4 weeks 42 4 5 14 86.2%
Right knee 56 4 3 19 91.5%
Left knee 41 3 5 12 86.9%

DISCUSSION

This cross-sectional validation study assessed MRI against
arthroscopy as the reference standard for detecting meniscal
injuries after knee trauma. Overall MRI sensitivity was
92.4%, specificity 81.6%, PPV 93.3%, NPV 79.5%, and
diagnostic accuracy 89.5%. These findings support MRI as
a useful non-invasive preoperative diagnostic test while
confirming that discordant MRI and arthroscopic findings
till oceur. The high sensitivity indicatesthat MRI identified
most arthroscopically confirmed tearsin this cohort. However,
the eight fal se-negative examinations show that a negative
MRI cannot completely exclude ameniscal tear, particularly
when mechanical symptoms or a strong clinical suspicion
persist. Khalid et al.* reported MRI sensitivity of 94%,
specificity of 87.8%, and overall diagnostic accuracy of
92.2% using arthroscopy as the reference standard. These
values are broadly comparable with the present overall
findings, although differences in patient selection, MRI
protocol, and image interpretation may account for variation
in specificity.

El-Hagrasy et al.’ reported MRI accuracy of 88.64% for
medial and 87.27% for lateral meniscal tears. In the present
manuscript, the meniscus-specific values were recal cul ated
directly from the reported cell counts: medial accuracy
88.7% (118/133) and lateral accuracy 90.9% (130/143).

Because the medial subgroup counts total 133 rather than
143, those subgroup results require verification against the
original dataset before publication. Bottomley et a.° reported
sensitivity of 90%, specificity of 83%, PPV of 96%, NPV
of 63%, and accuracy of 89% for medial tears; corresponding
lateral-tear values were 65%, 88%, 68%, 87%, and 81%. In
the present study, sensitivity was 94.1% for medial tears
and 88.6% for lateral tears. Differences may reflect case
mix, tear distribution, MRI protocol, scanner characteristics,
and interpretation criteria. Wang et al.” undertook a meta-
analysis and systematic review and have found a high
diagnostic accuracy of MRI in both medial and lateral
meniscal tears with high values of areas under the curve.
This meta-analytic evidence is supported by our results and
is further suggestive that MRI offers good diagnostic data
in caseswhereit is carried out with sufficient protocol and
read by qualified radiologists. Bhan® revised the diagnosis
and management of meniscal tears and highlighted that MRI
is the favourite imaging modality with arthroscopy giving
clear diagnosis and treatment. This diagnosis pathway is
supported by our findings. MRI is able to detect the mgjority
of clinically significant tears and assist in the operative
planning whereas arthroscopy is still required when the
patient has persistent symptoms or when an operétive therapy
isintended.
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Sanjay et al.® were able to compare clinical, MRI and
arthroscopic resultsin an internal derangement of the knee
and found out that MRI enhanced the preoperative
examination because it detected cartilage and meniscal
pathology. The current research also favors the use of MRI
as atool of preoperative assessment. MRI can also detect
the related ligament ruptures, bone contusion, and cartilage
ruptures associated with suspected meniscal injury that
would affect the decision-making processin surgery. Anwar
et al.* gave local diagnostic accuracy of MRI of meniscal
injuries using the reference standard of knee arthroscopy
and reported high sensitivity with varying specificity. This
is similar to our results, sensitivity was high and the
specificity, however, was excellent but less than sensitivity.
Practically, thisimpliesthat MRI isgood in identifying tears
but not all MRI-positive-findings will be arthroscopically
verified. The study by Sgjid et a.° indicated reduce sensitivity
and specificity of MRI in medial and lateral meniscal injury
than in afew other studies. Their conclusion is that not al
centers provide diagnostic performance in MRI asthe same.
The variability may be due to the scanner strength, slice
thickness, imaging sequence, patient motion, radiologist
experience and defining meniscal tear criteria. Our findings
are alocal performance in a controlled environment and
with senior radiologist interpretation. Sanjay et al. were able
to compare clinical, MRI and arthroscopic results in an
internal derangement of the knee and found out that MRI
enhanced the preoperative examination because it detected
cartilage and meniscal pathology.™* The current research
also favors the use of MRI as a tool of preoperative
assessment. MRI can dso detect the related ligament ruptures,
bone contusion, and cartilage ruptures associated with
suspected meniscal injury that would affect the decision-
making processin surgery.

Anwar et al. gave local diagnostic accuracy of MRI of
meniscal injuries using the gold standard of knee arthroscopy
and reported high sensitivity with varying specificity.” This
is similar to our results, sensitivity was high and the
specificity, however, was excellent but less than sensitivity.
Practically, thisimpliesthat MRI isgood in identifying tears
but not all MRI-positive-findings will be arthroscopically
verified. MRI sensitivity was found to be 94.3 and specificity
is58.3 with meniscal tear™ as stated by Alardi and Kadhim.
Their specificity was less and their sensitivity resembled
ours. This trend indicates that MRI can be an accurate
modality of meniscal tearsin certain groups, in particular
degenerative intrameniscal events that are perceived as a
tear. Close distinction between grade Il degeneration with
grade 111 tear reaching the surface should be considered.
Kim et a. have compared the accuracy of the MRI at
determining the location of lateral meniscal tears and found
the accuracy to be between 87.5% and 94.0%.% Our lateral
meniscus diagnostic accuracy of 90.9% is consistent with
their findings. Cases of lateral meniscal tear are tricky due

to the complicated anatomical composition, lateral meniscus
mobility, popliteus hiatus, and related ligament ruptures. In
our study, the medial meniscus was more affected compared
to the lateral meniscus. This concurs with usual clinical
experience and most of the past research. In comparison,
the media meniscusisless mobile and comparatively, fixed,
and thus susceptible to twisting forces. Conversely, the
lateral meniscusismore mobile and can avoid certaininjuries,
but most of the time it is damaged aong with anterior
cruciate ligament injury. The overall analysis revealed MRI
false-positive results in 7 patients. The causes of false-
positive MRI include degenerative intrameniscal signal,
healed tears, contusion of meniscus, magic-angle artifact,
partial-volume artifact, and artifact of interpretation
overcalling. Your aged patients may also have degenerative
signa which mimicks tear, particularly where signal comes
to, but does not obvioudly violate the articular surface. This
is the reason why arthroscopy is the reference standard.
Eight patients had false-negative MRI. Small radial tears,
posterior horn lesions, root tears, ramp lesions, subtle flap
tears, poor image plane, motion artifact, or motion between
MRI and arthroscopy are possible causes of false negative.
Depending on their location, some tears could be obscured
either through an arthrophotographic or radiographic
approach. Thus, mechanical symptoms that persist evenin
the absence of MRI should be taken into account. The
stratified analysis showed that the accuracy was slightly
double among males as compared to females. This disparity
could bein terms of traumamechanisms, size of tear, pattern
of activities or variation in arandom sample. The research
was not empowered to take sex specific differences and thus
it needs to be treated with caution.™

There was al so greater accuracy in patients who presented
within four weeks of traumathan is the case of patients who
presented later. Late presentation can result in inflammatory
alterations, incomplete healing, degeneration or development
of symptoms which can make decoding difficult. It can also
create a higher chance that the signal of the MRI can represent
traumatic and degenerative processes. The early MRI
following clinically significant trauma could therefore
enhance diagnostic clarity.® Accuracy of diagnosis was a
little reduced when it involved patients whose body mass
indices were 5 kg/m 2 and above. Increased BMI could
influence Image quality, coil placement, before and after
knee mechanics. Degenerative changes in meniscal signal
and osteoarthritic changes are also related to obesity, which
can make interpretation of MRI difficult. Future research
ought to assess bmi-adjusted performance on a more formal
basis.*® Clinically, MRI can be used as a first-line non-
invasive imaging test in patients with suspected meniscal
injury. Nevertheless, MRI should be interpreted together
with the history and physical examination, because false-
positive and fal se-negative results were present in this study.*’

Using MRI before arthroscopy may help reduce unnecessary
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purely diagnostic arthroscopies; however, the present study
does not establish that arthroscopy can be omitted solely on
the basis of anegative or positive MRI. Arthroscopy remains
appropriate when persistent mechanical symptoms, strong
clinica suspicion, or planned therapeutic intervention warrant
direct assessment.’*?° There are a number of strengthsin the
study. A defined MRI protocol was used, a2 x 2 contingency
table was used to test diagnostic parameters using arthroscopy
asreference standard, clinically suspected traumatic meniscal
injuries, and a defined MRI protocol. It was also stratified
according to clinically relevant modifiers; age, gender, BMI,
duration of trauma, and affected side. Limitations: Thiswas
a single-center study using non-probability consecutive
sampling. Only patients proceeding to arthroscopy were
included, which may introduce verification or referral bias.
The available study record does not document blinding of
MRI readers to arthroscopic/clinical findings or blinding of
the arthroscopist to the MRI report. Interobserver agreement
was not assessed. Meniscus-specific diagnostic counts were
also internally inconsistent for the medial subgroup and
require confirmation from the original dataset. Diagnostic
accuracy was hot estimated separately for individual tear
morphologies such asradial, horizontal, bucket-handle, root,
and ramp lesions. In spite of these shortcomings, the current
paper endorses MRI as avery handy diagnostic instrument
in case of meniscal injuries among patients who have
undergone knee trauma. When operative treatment is
necessary MRI should be employed as the component of an
overdl diagnostic protocol with history, physical examination,
radiological interpretation, and confirmation by arthroscopy.

CONCLUSION

MRI demonstrated sensitivity of 92.4%, specificity of 81.6%,
PPV of 93.3%, NPV of 79.5%, and overall diagnostic
accuracy of 89.5% compared with arthroscopy. Thesefindings
support MRI as a useful non-invasive diagnostic test for
suspected meniscal injury. Arthroscopy remainsthe reference
standard when direct confirmation or therapeutic intervention
isclinicaly required.
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