Original Article

Page 1 of 6

Diagnosis of ligamentous and meniscal pathologies in patients
with anterior cruciate ligament injury: comparison of magnetic
resonance imaging and arthroscopic findings

Hamid Rahmatullah Bin Abd Razak', Andrew Arjun Sayampanathan’, Thean-Howe Bryan Koh’,
Hwee-Chye Andrew Tan'

'Department of Orthopaedic Surgery, Singapore General Hospital, Outram Road, Singapore 169608; *Yong Loo Lin School of Medicine, National
University of Singapore, 1E Kent Ridge Road, Singapore 119228

Contributions: (I) Conception and design: HR Bin Abd Razak, AA Sayampanathan, HC Tan; (II) Administrative support: None; (III) Provision of
study materials or patients: None; (IV) Collection and assembly of data: HR Bin Abd Razak, AA Sayampanathan, TH Koh; (V) Data analysis and
interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Hamid Rahmatullah Bin Abd Razak, MBBS, GDFM, MRCS (Glasg), MMed (Ortho), DipSpMed (IOC). Department of
Orthopaedic Surgery, Singapore General Hospital, Outram Road, Singapore 169608. Email: hamidrazak@gmail.com.

Background: Magnetic resonance imaging (MRI) is routinely used to diagnose or support clinical diagnoses
for meniscal or ligamentous injuries prior to offering patients arthroscopic treatment. However, the sensitivity
of MRI for the detection of meniscal injury is not yet 100%. Sportsmen have occasionally returned to play with
undiagnosed meniscal lesions on the basis of a normal MRI examination. This study was designed to assess the
diagnostic parameters of MRI in patients with acute anterior cruciate ligament (ACL) injury.

Methods: MRI and arthroscopic findings of 320 patients with acute ACL injury were included in this
retrospective review. Patients belonged to a single surgeon from a high volume tertiary healthcare institution.
All patients had either a MRI or an arthroscopic diagnosis of an acute ACL injury of one knee or both. All
patients underwent therapeutic arthroscopy by the senior author routinely as part of arthroscopy-aided ACL
reconstruction. Arthroscopic findings were the diagnostic reference based on which the positive predictive value
(PPV), negative predictive value (NPV), sensitivity, specificity and concordance strength of association of MRI
were calculated for ACL, posterior cruciate ligament (PCL), medial meniscus (MM) and lateral meniscus (LM)
injuries.

Results: MRI was most accurate in diagnosing cruciate ligament injuries with a PPV approaching 100%. The
PPV of MRI in diagnosing meniscal injuries was approximately 60%. MRI was almost 100% sensitive and specific
in diagnosing ACL injuries and 82% sensitive and 100% specific in diagnosing PCL injuries. Conversely, MRI was
77% sensitive and 90% specific in diagnosing MM injuries; and 57% sensitive and 95% specific in diagnosing LM
injuries.

Conclusions: MRI remains the gold standard for diagnosing soft tissue injuries of the knee. However, there is a

false positive rate ranging from 6% to 11% for meniscal tears.
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Introduction

The knee joint is the largest synovial joint in the body and
is the most frequent source of musculoskeletal pain. It is the
numerous structures within it and their various pathologies,
which result in pain and many other symptoms such as
instability and restriction in range of motion (1). Important
structures within the knee joint include the anterior cruciate
ligament (ACL), posterior cruciate ligament (PCL), medial
meniscus (MM) and the lateral meniscus (LM). Knee
injuries are extremely common in sports, with meniscal
and ligamentous tears predominating the scope of knee
pathologies. For appropriate management, identification
of each injury within the knee is necessary. Magnetic
resonance imaging (MRI) has become the gold standard
for imaging soft tissue injuries of the knee (2). In clinical
practice, MRI is routinely used to diagnose or support
clinical diagnoses for meniscal or ligamentous injuries prior
to offering patients arthroscopic treatment. MRI serves
as a useful screening tool in patients with an acute sports
knee injury, allowing orthopaedic surgeons to identify
those who would benefit from surgery (3-5). However, the
sensitivity of MRI for the detection of meniscal injury is
not yet 100%. Sportsmen have occasionally returned to
play with undiagnosed meniscal lesions on the basis of a
normal MRI examination (6). The sensitivity of MRI for
the diagnosis of a LM has been found to be significantly
lower than that for the detection of a MM tear (7-9). The
lowest MRI sensitivity has been attributed to tears of the
posterior horn of the LM (10-12). De Smet et 4/. showed
that the LM tears were more frequently missed if the tear
involved only one third of the meniscus or if it was located
in the posterior horn (8). The presence of ACL tears, which
are often associated with longitudinal tears of the LM (13),
also decreases the overall sensitivity of MRI for meniscal
tear detection (8-10).

While there have been numerous studies studying
accuracy of the MRI of the knee, there has been only a few
that have fully investigated the diagnostic accuracy of the
MRI in patients with an acute ACL injury (14). One study
of 41 patients with ACL tears imaged within 6 weeks of
injury reconfirmed that MRI has a low sensitivity for the
detection of LM tears, with all false negative cases occurring
in the posterior horn (14). Furthermore, there is a paucity
of literature on this subject from the Asia-Pacific region.

The objective of our study was to assess the diagnostic
parameters of MRI in the diagnosis of ligamentous and
meniscal lesions in patients presenting with an acute ACL
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injury with arthroscopic findings as a reference standard.

Methods

Before the beginning of this study, we obtained approval
and a waiver of patient informed consent from our
institutional review board for this retrospective study.
We reviewed a database of 320 consecutive knee MRI
examinations performed between 2008 and 2012 in
patients who presented with a clinical history of acute ACL
injury and who subsequently underwent arthroscopy-aided
ACL reconstruction by the senior author of this paper. All
patients had a complete rupture of the ACL on MRI. All
patients presented with an acute history of twisting knee
injury with or without the classical audible “pop” and had
a physical finding of either a positive anterior drawer test
or a positive Lachman test. Patients with frank dislocation
of the knee, associated fractures about the knee and
neurological deficits of the same lower limb were excluded
from this study.

Each of the 320 original MRI examinations was
performed using the same protocol on a 1.5-T magnet
(Signa, GE Healthcare) using a 4-channel knee phased-
array coil and fast spin-echo imaging. A field view of 14 cm,
slice thickness of 3 mm with a 1.5 mm interslice gap,
bandwidth of 20 kHz, and matrix of 256x192 were used
for all four sequences except for a matrix of 256x224 for
the coronal T1-weighted images. The parameters for the
coronal T1-weighted images were TR range/TE, 600-
700/17, 1 signal average and echo-train length of 3. The
parameters for the coronal fat-saturated proton density-
weighted images were 1,800-2,000/17, 1 signal average,
and echo-train length of 4. The parameters for the sagittal
proton density-weighted images were 2,000-2,200/17, 1
signal average, and echo-train length of 4. The parameters
for the sagittal T2-weighted fat-saturated sequence were
3,000-3,400/60, 1 signal average, and echo-train length of
6. The MRI examinations were read independently by two
musculoskeletal fellowship-trained radiologists who were
blinded to both the original MRI interpretation and the
arthroscopic findings. Each MRI study was reviewed by the
radiologists twice at two different sittings spaced 1 week
apart. They evaluated the integrity of the medial and lateral
menisci as well as the anterior and PCLs. The reliability
of measurements was assessed by intra- and interobserver
variability.

Each knee arthroscopy was performed with a consistent
protocol by the senior author of this paper, who is a
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Table 1 Demographic data and clinical details of patients in study

Data Distribution
(n=320)
Mean age (range) (years) 32.3 (18.0-43.0)
Gender*
Male 266 [83]
Female 54 [17]
Race*
Chinese 192 [60]
Malay 72 [23]
Indian 29 [9]
Others 27 [8]
Mean body mass index 25.3 (x2.1)
(and stand. dev.) (kg/m?)
Mean number of co-morbidities 0.6 (x0.8)
(and stand. dev.)
Mean number of weeks to scan (range) 2.3(0.2-3.0)
(weeks)
Type of anaesthesia®
General anaesthesia 320 [100]
Regional anaesthesia 0[0]
Mean tourniquet time (and stand. dev.) (min)  32.0 (+15.9)
Mean hospital stay (and stand. dev.) (days) 0.6 (+0.8)
Mean number of months of physiotherapy 6.2 (1.0-13.0)

(range) (months)

*, the data is given as the number of patients with the
percentage in parenthesis.

sports surgery fellowship-trained surgeon with more than
15 years of experience with knee arthroscopy. In all knees,
the menisci were visualized from the standard anterior
portals and probed to expose under and upper surface
tears and to evaluate the mobility of the menisci. When
visualization proved difficult, or when the MRI indicated a
posterior meniscal or root tear, the posterior compartment
was visualized with the arthroscope placed through the
contralateral portal and passed through the intercondylar
notch to look down on the meniscal root. The integrity
of the cruciate ligaments were checked using probes. The
surgeon was aware of the MRI findings in each case and the
MRI findings were often reviewed in the operating room
immediately before or during the case. The arthroscopic
reports and photographs were reviewed by the authors
of this paper to confirm the various pathologies in each
patient.
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Table 2 Epidemiology of concomitant injuries in patients with

acute ACL injury
. ) Percent of study
Injury type No. of patients .
population (%)

PCL 11 3

MM 115 36

LM 58 18

Total 184 57

PCL, posterior cruciate ligament; MM, medial meniscus; LM,
lateral meniscus.

A sample of 246 subjects were estimated based on a
confidence interval (CI) of 95%, expected proportion of
80% and a CI width of 0.1. Arthroscopic findings were the
diagnostic reference based on which the positive predictive
value (PPV), negative predictive value (NPV), sensitivity,
specificity and concordance strength of association of MRI
were calculated for ACL, PCL, MM and LM injuries. True
positive (a) and true negative (d) was taken with reference
to arthroscopic findings. False positive (b) was a positive
diagnosis on MRI but negative on arthroscopy. False
negative (c) was a negative diagnosis on MRI but positive on
arthroscopy. The formulae used for the various parameters
are as such: PPV =a/(a+b), NPV =d/(c+d), sensitivity =a/
(a+c), specificity =d/(b+d), accuracy =(a+b)/(a+b+c+d),
concordance =(ad-bc)/(ad+bc). Intra- and interobserver
reliability for MRI assessment were measured using one
way random single-measure intraclass coefficients (ICCs)
with associated 95% CI to gauge the precision of the ICCs.

Results

The demographic data and clinical details of all patients
included in this study are illustrated in Tzble 1. The
epidemiology of concomitant injuries in our patients who
presented with acute ACL injuries is illustrated in Table 2.
Concomitant PCL injuries were diagnosed both on
MRI and arthroscopy to be a Grade 2 sprain. Diagnostic
parameters of MRI can be seen in 7able 3. MRI findings
had a significantly strong concordance of association with
arthroscopic findings for both ligamentous and meniscal
injuries. The majority of missed meniscus tears on MRI
affected the peripheral posterior horns.

The intraclass correlation coefficient for intraobserver
and interobserver reliability was 0.91 (95% CI, 0.91-
0.92) and 0.87 (95% CI, 0.86-0.90). Inter- and intra-rater
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Table 3 Diagnostic parameters of magnetic resonance imaging in diagnosing ligamentous and meniscal lesions

Injury type

Diagnostic parameters

ACL PCL MM LM
Positive predictive value (%) 99.7 100.0 63.8 55.9
Negative predictive value (%) 99.4 99.6 94.4 95.6
Sensitivity (%) 99.3 81.8 76.5 56.9
Specificity (%) 99.7 100.0 90.1 95.4
Accuracy (%) 99.5 99.6 87.6 91.8
Concordance strength of association 1.000 1.000 0.935 0.930
P value <0.0001 <0.0001 <0.0001 <0.0001

ACL, anterior cruciate ligament; PCL, posterior cruciate ligament; MM, medial meniscus; LM, lateral meniscus.

reliability of radiographic measurements showed excellent
correlation with ICC values of more than 0.8.

Discussion

MRI has proved reliable and safe and offers advantages
over diagnostic arthroscopy, which is currently regarded
as the reference standard for the diagnosis of internal
derangements of the knee. Arthroscopy is an invasive
procedure that carries with it the risks of anaesthesia and
risks of surgery such as infection, neurovascular injury
and postoperative pain. It is preferably performed only for
therapeutic purposes, provided that alternative non-invasive
diagnostic imaging modalities such as MRI are available (15).

There have been mixed reports in current literature
with regards to the diagnostic parameters of MRI when
compared to arthroscopic findings. Navali er 4/. conducted
a cross-sectional, descriptive analytical study of 120 patients
with knee injury who were candidates for arthroscopy (16).
The results of arthroscopy were considered as the definitive
diagnosis by which the reliability of physical examination
and MRI were judged accordingly. They found that both
physical examination and MRI were very sensitive and
accurate in the diagnosis of ligamentous and meniscal
injuries with a mild preference for physical examination and
concluded that MRI should be reserved for doubtful cases
or complicated injuries. These findings were also resonant
with that of Rayan et 4/. who conducted a correlational
study on 131 patients with suspected traumatic meniscal or
ACL injury (17). Clinical examination had better sensitivity,
specificity, predictive values and diagnostic accuracy
in comparison to MRI. They concluded that carefully
performed clinical examination can give equal or better
diagnosis of meniscal and ACL injuries in comparison to

© Annals of Translational Medicine. All rights reserved.

MRI scan and recommended that MRI be used to rule
out such injuries rather than to diagnose them. However,
Esmaili Jah ez 4l. in their study designed to assess the value
of MRI in the diagnosis of ligamentous and meniscal knee
injuries in comparison with arthroscopic findings concluded
that there was an excellent correlation between MRI and
arthroscopic findings (18). Likewise, Khanda ez 4/. too
concluded that MRI is a good, accurate and non-invasive
modality for the assessment of menisci and ligamentous
injuries and that it can be used as a first line investigation in
patients with soft tissue trauma to the knee (19).

In this study, all diagnostic parameters for ACL injury
approached 100%. This was similar for PCL injury except
that sensitivity was only 81.1%. However, the PPVs for
MM and LM tears were 63.8% and 55.9% respectively.
The sensitivity for MM and LM tears were 76.5% and
56.9% respectively. The overall accuracy for MM and
LM tears were 87.6% and 91.8% respectively. Our results
corroborates strongly with that of Sharifah ez /. (20). In
their study, they evaluated 65 patients with ACL injuries
who underwent knee arthroscopy. Arthroscopic findings
were used as the reference standard. Similar to our study,
they calculated PPV, NPV, sensitivity, specificity and
accuracy of MRI in the evaluation of meniscal tears. They
found the sensitivity for MM and LM tears to be 83%
and 82% respectively. In their study, the overall accuracy
for MM and LM years were 92% and 88% respectively.
The majority of missed meniscus tears on MRI affected
the peripheral posterior horns, similar to our study. They
concluded that the sensitivity for diagnosing a meniscal
tear was significantly higher when the tear involved more
than one-third of the meniscus of the anterior horn. The
sensitivity was significantly lower for tears located in the
posterior horn and for vertically oriented tears.

Ann Transl Med 2015;3(17):243

www.atmjournal.org



Annals of Translational Medicine, Vol 3, No 17 October 2015

Of particular concern in our results was the low PPV
and sensitivity associated with the diagnosis of LM tears.
De Smet ez al. conducted a study on 483 patients who had
undergone MRI and arthroscopy of the knee (8). They
found a significant association between a missed LM tear
and a posterior horn tear or a tear involving only one third
of the meniscus. They concluded that LM tears are more
likely to be missed if the tear involves only one third of the
meniscus or is in the posterior horn. The posterior root
of the LM can be difficult to assess on MRI for multiple
reasons including pulsation artefact from the popliteal
artery, volume averaging and magic angle effect because
of the slope of the meniscus on the tibial eminence,
and the complex anatomy related to the origin of the
meniscofemoral ligaments (8). Our findings come as no
surprise then as all our missed LM tears were found to be in
the posterior horn on arthroscopy.

Our results support the claim that combined injuries may
affect the diagnosis of meniscus lesions as seen in previous
studies (6-8). The accuracy of diagnosis on injured menisci,
or cruciate ligaments, will depend on the quality of imaging
equipment and on the skills and expertise of the radiologist
and arthroscopist (18). Of particular concern is the
relatively low diagnostic yield for the diagnosis of LM tears
in patients with acute ACL injuries. This will be of clinical
significance in decision making for patients with no residual
instability who are not keen for ACL reconstruction.
Decision for therapeutic arthroscopy would then depend on
both clinical examination and MRI findings. The mean false
positive rate for meniscal injuries in our study was 7.3%.
In comparison, Chambers et at reported a false positive
rate of 10.5% while Sharifah et al. reported 6.2% (20,21).
Many patients presenting with an ACL tear may not have
symptoms of instability and may be keen for conservative
management, opting out of reconstructive surgery. In such
patients, a false positive MRI finding of a torn meniscus may
increase the risk of unnecessary surgery. This reiterates the
adage that patient symptomatology and clinical findings are
still relevant today despite the advances of medical imaging.

The strengths of our study include the standardized
imaging protocol for all our knees. As all patients were
from a single surgeon cohort, the effects of confounding
from varying expertise of arthroscopy are also reduced.
We were also adequately powered in terms of sample size.
The strengths of this study must be considered in light of
its limitations too. There was no control group of knees
with an intact ACL. A control group would have allowed
us to analyze differences in knees with and without ACL
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tears and further verify the statistically significant lower
sensitivity of MRI for detecting meniscus tears in the setting
of a concurrent ACL tear. Furthermore, there was no
comparison of arthroscopic and MRI findings with clinical
findings. This was due to issues related documentation in
the clinical records of the patients included in this study,
which made data retrieval and collection of clinical findings
difficult.

Conclusions

MRI remains the gold standard for diagnosing soft tissue
injuries of the knee. However, caution needs to be exercised
when there is clinical evidence of a lateral meniscal injury in
a patient with acute ACL injury as MRI has a relatively low
PPV and sensitivity. MRI findings must always be correlated
with patient symptomatology and clinical findings prior to
offering surgery as there is a false positive rate ranging from
6% to 11% for meniscal tears.
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