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Abstract

Background: Magnetic resonance imaging (MRI) is a non-invasive, quick and convenient investigation for evaluation of ligament
and meniscal pathologies of the knee joint. Although arthroscopy is an invasive procedure it is considered the gold standard for
evaluating injuries to menisci and ligaments and can be used for both diagnostic and therapeutic purpose. The purpose of this
study was to evaluate cruciate ligament and meniscal injuries following knee trauma by MRI and correlate the findings with
arthroscopy.

Materials and methods: This was a prospective study conducted at our institution including 61 patients with clinically suspected
ligament and meniscal injury of knee. All the patients initially underwent MRI and subsequent arthroscopy. The location, type and
grade of meniscal and ligament tears on MRI were recorded and later correlated with arthroscopic findings.

Results: The right knee joint was involved in 65.6 % and the left knee in 34.4 % of cases. The anterior cruciate ligament was the
most commonly injured structure. The sensitivity, specificity and accuracy of MRI in detecting anterior cruciate ligament injury
were 100%, 71.4% and 96.72 % respectively, posterior cruciate ligament injury (100%, 100% and 100% respectively), medial
meniscus injury (100%, 78.8% and 88.5% respectively) and lateral meniscus injury (100%, 90.5% and 93.44% respectively).

Conclusion: MRI is highly sensitive and accurate in detection of cruciate ligament and meniscal tears. A good correlation was
obtained between MRI and arthroscopic findings in this study. MRI used as a screening tool prior to arthroscopy helps in avoiding

negative diagnostic arthroscopy.
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Introduction cartilage, bone marrow, menisci, ligaments, tendons
and synovium [1, 2]. Pulse sequences used in MRI have
advantage in terms of speed and spatial resolution.
Arthroscopy is an operative technique that allows the
visualisation and treatment of internal structures of

The knee joint is one of the most important weight
bearing joints of the body, capable of performing
complex and extensive movements. Injury to the knee
joint is commonly seen due to repetitive activities,
trauma and sports activities. Injury to the ligaments
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the knee joint. Although arthroscopy is considered the
gold standard for evaluating injuries to menisci and
ligaments, it is an invasive procedure. MRI reduces the
number of negative arthroscopies and helps in selecting
patients for therapeutic oriented arthroscopy [2].

Aims of the study were to compare the diagnostic
efficacy of MRI with arthroscopy in cruciate ligament
and meniscal injuries of knee, and to evaluate the
types and incidence of ligament and meniscal injuries
following knee trauma.

Materials and methods

This was a prospective study including 61 patients
conducted at Goa Medical College and Hospital over a
period of 18 months from January 2021 to July 2022.
The subjects included in this study consist of patients
with clinically suspected ligament and meniscal injury
of knee. The age group of patients in our study was 20-
40 years. Patients with age less than 20 years and more
than 40 years were excluded from the study. Patients
who had previously undergone arthroscopy with
repair of menisci and ligaments were also excluded.
Ethical approval was taken from the Institutional Ethics
Committee of our institution before commencement of
the study.

Imaging technique

MRI of knee joint was performed using 1.5 Tesla Siemens
Magnetom Avanto machine. A slice thickness of 3 to
4 mm in sagittal, coronal and axial planes was chosen
for the scan. The field of view was between 14-16 cms.
The sequences included were axial and sagittal T2
weighted (T2W) images (TR-3580 and TE-85) without
fat saturation, sagittal proton density (PD) image (TR-
3580 and TE-15) without fat saturation, coronal T2W fat
saturated image (TR-5480 and TE-31) and 3-D gradient
echo sequence (for cartilage). Oblique sagittal sections

Table 1: Validity of MRI in comparison to arthroscopy.

were performed in some cases of suspected anterior
cruciate ligament (ACL) injury for better delineation of
ACL tears.

Interpretation of images

MR images were reviewed by senior radiologists in
our department. Meniscal tears were evaluated for
their plane (outer 2/3™ or inner 1/3™), site, grade and
configuration. ACL and PCL tears were evaluated for
type and site. The MRI findings were reported to the
orthopedic surgeons. Prior knowledge of complete
description of the tear helped the surgeons in optimal
visualization and probing of the area with abnormal
signal. Caseswere discussed with the treating orthopedic
surgeons for follow up of all cases. Arthroscopy was used
as the gold standard and MRI findings were compared
with it to know the sensitivity, specificity and accuracy
of MRI for detection of cruciate ligament and meniscal
tears.

Statistical analysis

Statistical data analysis was done using SPSS 21.0
version. The arthroscopic findings were taken as
standard reference for comparison to MRI findings. The
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and accuracy were
calculated by kappa statistics. This data was analyzed
for correlation between MRI results and arthroscopic
findings by kappa statistics.

Results

Our study included 61 patients of which 46 were men
and 15 were women. The right knee joint was involved
in 65.6 % and the left knee was involved in 34.4 % of
cases. Table 1 shows the validity of MRI in correlation
with arthroscopy. Graph showing various tears detected
in our study is depicted in Figure 1.

Sensitivity Specificity PPV NPV Accuracy
ACL 100% 71.4% 96.4% 100% 96.72%
PCL 100% 100% 100% 100% 100%
Medial meniscus 100% 78.8% 80% 100% 88.5%
Lateral meniscus 100% 90.5% 82.6% 100% 93.44%

Abbreviations: PPV: Positive predictive value, NPV: Negative predictive value, ACL: Anterior cruciate ligament, PCL: Posterior

cruciate ligament.

Anterior cruciate ligament injury

There were 56 ACL tears detected on MRI and 54 were
seen on arthroscopy (Figures 2a-c). Femoral site tears

were the most common site of ACL injury on MRI as well
as arthroscopy. There were 46 acute tears of ACL and 10
were of chronic type.
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Figure 1: Graph showing number of various tears found on
MRI and arthroscopy.

Posterior cruciate ligament injury

There were 6 tears of PCL on MRI and all six were seen
on arthroscopy. The mid-segment tear of PCL was the
most common type (Figure 2d).

Figure 2: Proton density images show partial tear of ACL at
its femoral attachment (a), Complete tear of ACL at its mid
substance (b), Complete tear of ACL involving entire length
(c), Complete tear of PCL at its mid-segment (d).

Medial meniscus injury

In our study, we found 35 medial meniscus tears on MRI
and on arthroscopy 28 tears were seen (Figures 3a-c, 4c,
d). Longitudinal tears were the most common type of
tears seen on MRI in the medial meniscus and was seen
in 17 patients on MRI. Other types of medial meniscus
tears seen on MRI were complex tear (6 patients), bucket
handle tear (5 patients), horizontal tear (4 patients)
and radial tear (3 patients). Subsequently performed

arthroscopy could identify 11 longitudinal tears and
5 complex tears. All other types of tears seen on MRI
were also identified on arthroscopy. The posterior horn
of medial meniscus was the most common involved site
of injury.

Lateral meniscus injury

There were 23 lateral meniscus tears detected on MRI
out of which 19 cases were seen on arthroscopy (Figures
3d, 4a, b). Radial tears were the most common type of
tear seen on MRI in the lateral meniscus and was seen
in 11 patients on MRI. Other types of lateral meniscus
tears seen on MRI were horizontal tear (4 patients),
longitudinal tear (3 patients), complex tear (3 patients)
and bucket handle tear (2 patients). Subsequently
performed arthroscopy could identify 7 radial tears. All
other types of tears seen on MRI were also identified
on arthroscopy. The body was found to be the most
common site of lateral meniscus injury in our study.

Figure 3: Proton density images show longitudinal horizontal
(a) and vertical tear (b) of posterior horn of medial meniscus,
Double PCL sign formed by flipped inner fragment of torn
meniscus in bucket handle tear (c), Complex tear of posterior
horn of lateral meniscus (d).

Collateral ligament injury

There were 17 medial collateral ligament injuries in
our study out of which 6 were grade I injury, 10 were
grade Il injury and 1 was grade Il injury. There were 12
lateral collateral ligament injuries out of which 4 were
grade [ injury, 6 were grade II injury and 2 were grade
I injury.
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Figure 4: Proton density sagittal (a) and coronal (b) images
shows radial tear of posterior horn of lateral meniscus.
Arthroscopic images show longitudinal tear (c) and bucket
handle tear (d).

Discussion
Anterior cruciate ligament injury

ACL injury was seen in 56 patients on MRI and 54 were
identified on arthroscopy making it the most common
structure involved in knee trauma. Sahni et al. also
reported ACL tear as the most common finding in knee
injury [3]. Tears at the femoral attachment was the most
common site and acute tears were more common than
chronic tears. We found that MRI sensitivity, specificity
and accuracy in detecting ACL tears was 100%, 71.4%
and 96.72%respectively, when comparedtoarthroscopy.
These findings correlate well with previous studies in
literature [4-6,18].

Posterior cruciate ligament injury

In our study, we found 6 patients with PCL injury.
All injuries were seen on arthroscopy. Tears at the
midsubstance was the most common site. We obtained
sensitivity, specificity and accuracy of MRI in detecting
PCL tears of 100%, 100% and 100% respectively, when
compared to arthroscopy. Dhall et al. [5] and Sanjay et
al. [18] also reported similar sensitivity of 100 % and
specificity of 100% of MRI in diagnosing PCL tears.
According to Singh et al. [7] MR imaging has a pooled
sensitivity, specificity, and accuracy of 98.72%, 98.94%,
and 98.84% respectively for tears of PCL. Roberts et
al. [8] found that the midsegment of the PCL was the

most common site involved in PCL injury. Sonin et al. [9]
also found that midsubstance tear is the most common
site of injury of the PCL. These findings were similar to
the findings in our study. Grover et al. [10] found that
MRI is most reliable in the diagnosis of PCL tears. On
sagittal images, PCL tears were better seen because
anatomical disruption of the ligament or detachment of
the ligament from the insertion site is visualised better
on sagittal image.

Medial meniscus injury

Medial meniscus injury was found in 35 patients on MRI
inourstudyand 28 cases were confirmed on arthroscopy.
The posterior horn was the most common involved site
involved in medial meniscus injury. The sensitivity,
specificity and accuracy of MRI in detection of medial
meniscal injury with respect to arthroscopy were 100 %,
78.8% and 88.5% respectively. These findings correlate
well with previous studies in literature [4,11,12,18]. In
our study, we found thatlongitudinal tears were the most
common type of tear involving the medial meniscus. De
Smet et al. [13] also detected that longitudinal tears
were more common than other types of tears because
of a higher rate of false positive diagnosis and lower
PPV while diagnosing a longitudinal tear of the medial
meniscus. They hypothesised that the longitudinal tear
of the medial meniscus which was identified on MR],
was actually healed. Therefore, these tears were not
confirmed by arthroscopy. Weiss et al. [14] supported
De Smet’s hypothesis by stating that majority of the
longitudinal tears were present in the outer one-third
of the meniscus, which has a rich vascular supply.

Lateral meniscus injury

In our study, 23 cases of lateral meniscus tears were
detected on MRI and 19 cases were confirmed on
arthroscopy. The body was found to be the most
common site of lateral meniscus injury in our study. The
sensitivity, specificity and accuracy of MRI in detection of
lateral meniscus injury when compared to arthroscopy
were 100 %, 90.5% and 93.44% respectively. Similar
findings were seen in previous studies [12,15,16,18].
We found that overall, MRI had a higher sensitivity but
not specificity in the detection of meniscal tears. This
discrepancy was explained by some studies previously.
Carrino et al. [17] discovered in arthroscopy that the
posterior horn in medial meniscus tear was a hidden
area especially the area between the medial collateral
ligament and the intercondylar attachment of the
posterior horn. For this reason, a tear in these areas was
missed during arthroscopy. Mink et al. [4] explained
the possible reasons for the discrepancy between the
sensitivity and specificity of MRI in the detection of
meniscal injury. These include: i) Misconceived normal
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anatomical structures like meniscofemoral ligaments.
ii) Meniscal tears may be mimicked by osteochondral
flap avulsion lesions. iii) Presence of loose bodies iv)
Difficulty in visualizing radial meniscal tears on MRI.

Limitations: The sample size of the study could have
been more, thereby giving more precise results. In
this study arthroscopy was used as the gold standard;
however, arthroscopy is not 100 % accurate and is
operator dependent.

Conclusion

Accurate evaluation of knee joint injury is crucial for
management and outcome. Any delay in treatment
can lead to chronic debility, especially in the younger
age group. MRI is a non-invasive, quick and convenient
investigation for diagnosing internal derangement of
knee joint. It is highly sensitive and accurate in detection
of cruciate ligament and meniscal tears. A good
correlation was obtained between MRI and arthroscopic
findings in this study. MRI used as a screening tool prior
to arthroscopy helps in avoiding negative diagnostic
arthroscopy:.
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