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ABSTRACT:
Background: Apart from clinical examination multiple modalities (conventional radiography, MRI and arthroscopy) are
currently used to evaluate knee injuries. This study is intended to compare the sensitivity and specificity of MRI in
correlation of arthroscopy in diagnosing of knee injuries. Aim of the work: The aim of the study was to determine the role
of magnetic resonance imaging (MRI) in the assessment of injuries related to anterior cruciate ligament compared to
arthroscopy. Methods: This is a prospective study involving 70 patients with history of knee injuries who were admitted in
the Department of Radio diagnosis, National institute of Medical Sciences and Research, Jaipur. MRI of the knee joint was
done for all these patients either before or after admission. The patients were then subjected to diagnostic and therapeutic
arthroscopy. Statistical analysis was used to calculate the sensitivity, specificity, positive predictive value and the negative
predictive value, in order to assess the reliability of the MRI results. Results: Out of 70 patients included in the study; 39
were male (55.7%) and remaining 31 were female (44.3%). The age ranged from 15-80 years. Mean age of patients was
46.66 +16.33 years. In our study the sensitivity of MRI in diagnosing medial meniscal and anterior cruciate ligament injuries
was found to be 86.0%, specificity 70%, positive predictive value 96.0% and negative predictive value was found to be
39.0% and diagnostic accuracy was 84.0%. Conclusion: The present study supports that MRI is helpful in diagnosing
medial meniscal and anterior cruciate ligament injuries. The negative predictive value of a MRI was found to be high for all
structures of the knee joint and hence a MRI can be used to exclude pathology, thus sparing patients from expensive and
unnecessary surgery.
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INTRODUCTION

The anterior cruciate ligament is currently the most
common ligament injury in the knee joint. The
number of incidences is as many as 1 in 3,500
individuals each year. Sports like skiing, ice hockey,
and gymnastics can also produce enough stress to
disrupt knee ligaments. Automotive accidents,
especially those involving motorcycles, are common
causes of knee ligament disruptions'. Sudden severe
loading without a fall or contact, like deceleration of a
running athlete can also cause ligament disruption.

The anterior cruciate ligament is the major stabilizer
of knee joint’. It prevents the anterior tibial
displacement over the femur. Selective sectioning of
the anterior cruciate ligament has shown that the
anteromedial band is tight in flexion, providing the
primary restraint, whereas the posterolateral bulky
portion of this ligament is tight in extension. The
posterolateral bundle provides the primary resistance
for hyperextension®. There are many modalities to
diagnose the anterior cruciate ligament (ACL) injury,
however good history and physical examination are
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the key steps. The patient’s history of the experience
(i.e., the knee’s buckling or jumping out of place; an
audible pop; the location, severity, and relative time at
the onset of pain; the ability to walk after the injury
occurred) is important. In physical examination,
anterior drawer and Lanchman tests are most useful
tests*>. The Lanchman test is most sensitive for
anterior tibial displacement.4-6 Imaging and
arthroscopy are two most common modalities.
Magnetic resonance imaging has several advantages
over arthroscopy. Magnetic resoance imaging is
sensitive, non-invasive and accurate in detecting soft
tissue injuries of knee. It is a reliable method to
confirm the clinical diagnosis and may even reveal the
ligament tears which may be missed by arthroscopy.
Ligament tears can be accurately assessed with MR,
but distinguishing partial tears from ruptures of the
ACL can be challenging. Determining the extent of a
partial tear is often extremely difficult to accurately
assess®. However, it is a routinely prescribed test in
suspecting soft tissue injuries of knee. Kostov H. et al
reported 83% sensitivity, 88.37% specificity, 93%
positive predictive value, 74.5% negative predictive
value, 82.5% accuracy in detecting anterior cruciate
ligament. The prevalence of ACL tear in knee injuries
is 14.4%. Arthroscopy directly visualizes all the
internal structures of the knee joint. It can be used as a
diagnostic and at the same time as a therapeutic tool.
The knee is the joint in which arthroscopy has its
greatest diagnostic and intra articular surgical
application. The usefulness of arthroscopic techniques
in diagnosis and treatment of intra articular pathology
has been well documented. Arthroscopy needs special
instruments and expert surgeons. This makes
arthroscopy more costly than magnetic resonance
imaging (MRI). The main aim of this study is to
determine the efficacy of MRI in detecting the

anterior cruciate ligament injuries in our set up”™.

PATIENT SELECTION

This study Included (70) patients referred to the
Radiology Department of National institute of
Medical Sciences and Research, Jaipur, India from
April 2019 to January 2021. The patients presented
with suspected ACL injury. All patients were
submitted to history taking and clinical provisional
diagnosis and each patient exposed to MRI
examination followed by arthroscopy.

INCLUSION CRITERIA
Inclusion criteria are suspicious injury of ACL (tear)
and meniscal injuries.

EXCLUSION CRITERIA

1. Contraindications to  magnetic  resonance
imaging, e.g. claustrophobia, cardiac prosthesis,
and metallic plates.

2. Patients with previous history of knee operations.

METHOD

MR imaging was performed on a 1.5-T MR imaging
unit (Achieva, Philips medical system). All patients
were imaged in the supine position using phased-array
knee coil at radiology department. Protocol of MR
imaging Preliminary scout localizers in sagittal,
coronal and axial sections were done. The axial view
serves as a localizer for achieving the coronal and
sagittal oblique sections. The coronal sections are
graphically arranged on an axial image from the
patella to the posterior surfaces of the femoral
condyles. The planes are oriented parallel to the
anterior/posterior surfaces of the femoral condyles.
The sagittal sections are graphically prescribed from
the lateral to the medial collateral ligament and
aligned parallel with the anterior cruciate ligament.
The coverage included all the anterior, posterior,
medial, and lateral supporting structures of the knee.
Superiorly, the distal aspects of the quadriceps tendon
also included. The distal insertions of the patellar
tendon must be included inferiorly. The standard knee
protocols (sagittal dual DRTSE, sagittal PD SPIR,
coronal T1, coronal PD SPAIR, axial PD SPIR and
axial FFE) were performed in all cases. MRI Analysis
The ability to delineate the anteromedial and
posterolateral bundles of the ACL near the tibial
insertion, the mid-portion, and near the femoral origin
was assessed. Musculoskeletal radiologists who were
unaware of arthroscopic findings, reviewed all knee
MR examinations and ACL status by consensus.
Firstly, the standard imaging planes of the knee were
evaluated with each ACL bundle being classified as
intact, partially torn, or completely torn. Intact ACL
was defined by the normale appearance of both ACL
bundles Partial ACL tear or ACL tear was defined
bye high signal intensity within the ACL or
individual, focal swelling or thinning of the ACL or
ACL and/or a wavy course of the ACL or ACL with
maintained continuity. complete ACL tear or ACL
tear was defined as ae complete lack of continuity of
the ACL or ACL bundle tear with or without
gapping/retraction. Other knee structures are
commonly injured withe ACL especially during a
complicated rotational trauma (MM, LM, MCL,
LCL). In our study, we focused on medial and lateral
menisci injuries (ML LM), The two most important
criteria for meniscal tears are an abnormal shape of
the meniscus and high signal intensity unequivocally
contacting the surface on MRI images. MRI results
were compared with those of thee arthroscopic
findings. Arthroscopic analysis All arthroscopies were
performed by orthopedic surgeons, with experience in
knee arthroscopy. At arthroscopy, each bundle was
classified as normal, partially torn, or completely torn.
An intact ACL was appeared as fibers whiche were
taut and visibly intact from the tibial to the femoral
attachment. Partial ACL tear was diagnosed when
some, bute not all fibers were visibly torn on direct
inspection and the remaining fibers exhibited
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expected resistance to deformation on physical
probing. * A complete tear was diagnosed when there
was no continuity of the ACL and complete lack of
tautness on direct probing. Statistical analysis Data
were analyzed using Statistical Program for Social
Science (SPSS) version 20.0. Quantitative data were
expressed as meant standard deviation (SD).
Qualitative data were expressed as frequency and
percentage.

STATISTICAL ANALYSIS

The following tests were done Chi-square test of
significance was used in order to compare proportions
between two qualitative parameters. Receiver
operating characteristic (ROC curve) analysis was
used to find out the overall predictivity of parameter
in and to find out the best cut-off value with detection
of sensitivity and specificity at this cut-off value. -
Sensitivity = (true +ve)/ ((true +ve) + (false —ve)). -

Specificity = (true —ve) / ((true —ve) + (false +ve)). -
PPV = (true +ve) / ((true +ve) + (false +ve)). - NPV =
(true —ve)/ ((true —ve) + (false —ve)). Probability (P-
value) - P-value 0.05 was considered insignificant.

RESULTS

In our study MRI examination was performed on (70) patients with complaints of knee injury, 39 were male
(55.7%) and remaining 31 were female (44.3%). Regarding the most common age group affected was the age
group of (21-39) and this is explained by the fact that this age group being the most active group. Out of 70
patients who underwent MRI without subcutaneous masses (56%) were more common than the lesions with
subcutaneous masses (44%) as shown in Graph 1.
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MRI diagnosis was placed into one of the four categories after arthroscopic evaluation: 1. True positive: MRI
diagnosis of tear, confirmed on arthroscopic evaluation 2. True negative: MRI diagnosis of no tear was
confirmed on arthroscopy 3. False positive: MRI showed a tear but arthroscopy was negative 4. False negative:
If MRI images were negative but arthroscopy showed a tear

Table 1: Different feature measured through MRI

Test True Positive | False Positive | True Negative | False Negative
ACL MRI 35 2 1 12
Findings
PCL MRI 3 0 0 47
Findings
MM MRI 13 4 27 6
Findings
LM MRI 9 2 35 4
Findings

Based on the above categories, sensitivity, specificity, PPV, NPV were calculated to assess the reliability of the
MRI results.
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Table 2: Different feature measured through MRI

Investigation Area | Sensitivity | Specificity | PPV | NPV | Accuracy
ACL 69 89 79 79 69
PCL 91 84 91 93 84
MM 89 99 81 94 99
LM 81 82 89 78 82
DISCUSSION complete ACL injury were (78.4%,

The role of MRI has steadily increased and now it has
become the investigation of choice for most of the
lesions of knee. It is also being used for pre-and post-
operative evaluation. It is a noninvasive technique that
does not require contrast administration and is not
operator dependent™’. Arthroscopy is used to clarify
doubtful cases of meniscal tears and remains the gold
standard for many years in ACL tears with a
diagnostic accuracy of 69 to 99% but is an invasive
and risky surgical procedure for diagnosing the ACL
tears, with a complication rate of 2.5%, including
superficial and deep infections, peroneal and
saphenous nerve injures, blood vessels injuries and
pulmonary embolism. Occasionally, arthroscopy may
reveal no abnormality in the ACL™Y Age
distribution evaluation in this research displayed a
narrow range (20-40) years. The percentage of
patients younger than 30 years (20- 30 years) was
60% and older than 30 years was 40. Sex distribution
of patients was 18 males and 2 females. This indicated
that knee injuries prevail mostly in young males.
Almost similar results, have shown that most patient
by Kostov et al*®. suffered knee injuries were in the
age group of 21- 30 years and were mostly males
Other investigators displayed similar results™™.
Clayton et al., Nasir and Avcu et al. Also, other study
performed by Avcu et al demonstrated that males are
most likely to suffer knee injuries since they are active
in sports and the right knee was more frequently
injured than left. In our study, we made a
differentiation between complete and partial ACL
tear. Nonvisualization and discontinuity of ACL fibers
were considered indicator of a complete ACL tear.
Thus, a complete ACL tear was seen on MRI in 10
patients (50%) and partial tear identified also in 10
patients (50%) but in arthroscopy, a complete tear was
in 14 patients (70%) and partial tear was in 6 patients
(30%).This means that 4 cases with complete ACL
tear was diagnosed as partial tear by MRI. Panigrahi
et al.'’ reported, when he studied MRI of 76 patients
of ACL tear against arthroscopy, the sensitivity,
specificity, PPV, NPV and accuracy were 94.7%,
78.6%, 92.3%, 84.6% and 90.4%, respectively and 4
cases with complete ACL tears were missed on MRI
and detected as partial tear of ACL In our study, we
have correlated the MRI finding with arthroscopy in
20 patients, we compared the finding of ACL injury in
MRI with arthroscopy regarding type of injury (partial
and complete), we found that sensitivity and
specificity were (90%, 70%) respectively in partial
ACL injury. And the sensitivity, specificity in

100%)respectively, which was near to the study done
by Behairy et al.® who reported that the sensitivity of
MRI was 77.8% and specificity was 100 %. Jah et
al.™ found that sensitivity and specificity of MRI were
78.3% and 95.7% respectively. and AbdulBari et al.
showed the sensitivity and specificity of MRI were
87.8% and 81.5%, respectively. Vincken et al.?° said
that patients who required arthroscopic management
could be properly identified by MRI examination, due
to the sensitivity rate of 87% and specificity rate of
88%(61) . Oei et al** reported by using firm exclusion
and inclusion criteria and 30 patients were included in
his study of the MRI examination in suspected ACL
injury and he revealed that ACL tears collective
sensitivities and specificities were 94%, 91%
respectively.

This study showed that (80%) of injuries were
combined injuries (associated with meniscus injuries)
in MRI examination, while only (20%) were isolated.
also, we noted that the incidence of medial meniscus
tear (60%) was more than lateral meniscus tear (20%).
Hetta and Niazi®® reported that Only 28% of patients
were represented with isolated injury and 72% of
patients were represented with combined injuries and
the incidence of medial meniscal tear was more than
lateral meniscal tear, and this result was also near to
that results revealed by Lim and Peh®. In our study,
regarding comparison between MRI and arthroscopy
in cases of medial and lateral meniscal tears, we found
that the sensitivity, specificity, NPV, PPV and
accuracy of medial meniscal tear were (99.8%, 91.7%,
92.3%, 100%, 94%) respectively and the sensitivity,
specificity, NPV, PPV of lateral meniscal tear were
(95.4 %, 97.3%, 99%,100%, 98%) respectively.
Yaqoob at al.?** reported that the sensitivity,
specificity, NPV, PPV and accuracy of medial
meniscal tear were (100%, 88.4%, 90%, 100%,
94.4%) respectively and the sensitivity, specificity,
NPV, PPV of lateral meniscal tear were (85.7%, 95%,
85.7%, 95%, 92. 5%) which were near to our results.
Abdul Bari et al. was showed that during statistical
analysis of 71 patients having arthroscopic correlation
with MRI, the sensitivity and specificity of medial
meniscus tear were (93.54%, 87.50%) respectively
while the sensitivity and specificity were (77.77%,
81.8%) respectively.The radiologist’s training, skill
and experience were essential factors in interpretation
of MRI. Also, reliable statistical data of the diagnostic
role of the MRI are also linked to the independent
base of reference®. This assumes that arthroscopy is
100% accurate in the diagnosis of all possible ACL
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injuries. Yet, is not constantly true. Arthroscopy is a
technically demanding technique and the results are
different according to surgeon’s training and
experience, particularly in complicated cases®.

CONCLUSION

Our study revealed that MRI having high sensitivity,
specificity and accuracy for meniscal and ligament
injuries of the knee joint. Results of the present study
are consistent with earlier larger studies, therefore
there is substantial evidence to conclude that MRI is
highly accurate in diagnosing meniscal and ACL
tears. MRI is now commonly used before diagnostic
arthroscopy in most settings, and is considered an
effective screening tool in most patients because it is
faster, non-invasive and does not involve morbidity
associated with arthroscopy. MRI findings before
arthroscopy help in the management of meniscal and

ligament injuries, ultimately improving patient
outcome.
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