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Evaluation of thin-slice axial magnetic resonance imaging on the diagnostic accuracy of meniscus tears

Drew Albert, University of Arizona College of Medicine – Phoenix, Jimmy Leung, M.D., X-ray Associates of New Mexico

Results: Tests of Heterogeneity
The sensitivity and specificity of MRI with TSAi for
tear detection in our investigation were 90.9% and
37.5% respectively as is evident in Table 2. As can
be seen in Table 3, there was no significant
difference in rate of detection of bucket handle
tears and no tear rate comparing MRI to
arthroscopy. Horizontal and oblique tear detection
rates approached the level of no statistically
significant heterogeneity. Additionally, there was no
heterogeneity between detection of tears in the
anterior and root compartments, while detection of
tears in the posterior compartment demonstrated a
trend in the same direction.

Abstract
This investigation assessed the diagnostic accuracy of thin-slice 
(1mm) axial Magnetic Resonance Imaging (MRI) in the detection and 
classification of meniscal tears. Meniscal injuries are a common 
reason for knee pain and the use of MRI has become standard in their 
assessment. However, the classification of tears and not merely the 
detection of lesions has become increasingly important to surgeons in 
deciding between surgery and conservative management. There is a 
growing body of literature examining the utility of axial MR images in 
aiding radiologists to more accurately describe and classify 
morphological characteristics of meniscus tears. However, the thick-
slice (4-5mm) axial sequences utilized at many institutions typically 
only produce 1-2 images on which the menisci can be visualized, 
which does not provide the required detail to accurately describe the 
morphological characteristics of meniscal lesions. This study adds to 
the growing body of literature examining the diagnostic capabilities of 
MRI with TSAi to accurately describe meniscal tear morphologies. 

Imaging reports from 107 patients with clinically suspected meniscus 
injuries who underwent MRI with thin-slice axial imaging were 
compared to arthroscopic findings using receiver operating characteris
(ROC) analysis to assess the diagnostic accuracy of MRI with thin-
slice axial imaging (TSAi). 

The sensitivity and specificity of MRI with TSAi for meniscal tear 
detection were found to be 91% and 37.5% respectively. Furthermore, 
MRI with TSAi was highly specific for bucket handle (98.5%) and root 
ligament tears (94.1%). The findings of our investigation indicate that 
MRI with TSAi may assist surgeons in determining the need for 
operative versus conservative management. MRI with TSAi may be 
particularly helpful in the case of root tears, which were not as readily 
identified with traditional MRI techniques and often require surgical 
intervention due to morbidity associated with unrepaired root tears. 

Results: Diagnostic Accuracy

Discussion and ConclusionsMethods
A retrospective chart review of imaging and
arthroscopic reports for patients who underwent
knee MRI with TSAi followed by arthroscopy for
suspected meniscus tears between 2012-2015 at
Scottsdale Healthcare was conducted. 107 patients
met inclusion criteria, 99 of which were diagnosed
with a meniscal tear by arthroscopy, which is
considered to be the gold-standard test.
Morphological descriptions of tears were
standardized according to the classification schema
seen in Table 1. Tears were also sorted based on
their anatomic location within the anterior, middle,
posterior, and root compartments within each
meniscus. Characteristics of tears were compared
between arthroscopy and MRI. A ROC analysis was
utilized to calculate the sensitivity and specificity of
MRI with TSAi for tear detection and morphological
characterization. A McNemar’s test was employed to
test for heterogeneity between arthroscopic and
imaging diagnoses.

Introduction
Knee pain is a common complaint and meniscus
tears represent a significant proportion of
pathologies subsequently identified. MRI is the
most commonly utilized non-surgical diagnostic
modality in many such cases. The coronal and
sagittal imaging planes have historically been
thought to be most helpful in identifying meniscus
tears. The sensitivity of MRI for the diagnosis of
tears has been reported to approach 100%.
However, merely diagnosing the presence of a
tear is no longer adequate to guide the orthopedic
care of such patients. Surgeons are increasingly
reliant on accurate morphological characterization
of tears to guide their interventions. There is a
growing body of literature suggesting that axial
imaging enhances the ability of radiologists to
accurately describe the morphology of tears. For
instance, thin-slice (<1mm) images in the axial
plane can be used to create a quasi 3-D image of
the affected meniscus, which further enhances
the capability of radiologists to describe the
morphology of a tear. The present investigation
aimed to evaluate the diagnostic capability of thin-
slice (<1mm) axial MRI images to identify
meniscus tears and describe the morphological
features.
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As can be seen in Table 3, the specificity of MRI
with TSAi is high for all tear morphologies
examined in this investigation with the exception
of longitudinal tears. Our data set did not
including any radiographically diagnosed
longitudinal tears and it was therefore not
possible to calculate the corresponding test
characteristics. Radial, flap, and bucket handle
tears were diagnosed with a specificity of 93% or
greater. Additionally, MRI was greater than 87%
specific for vertical, horizontal, and oblique tears.
Our MRI protocol was also highly specific for the
diagnosis of tears in the anterior, middle, and
root compartments. Sensitivity on the other hand
was lower than anticipated for all tear
morphologies.

MRI is widely considered the definitive non-surgical 
diagnostic modality of choice for meniscus tears. Traditional 
MRI acquisition sequences have previously been 
demonstrated to have a sensitivity for tear detection on the 
order of 80-100%. The sensitivity of our protocol including 
TSAi with standard sequences is in keeping with previously 
reported values. Our results demonstrate not only the 
feasibility of including TSAi in knee MRI sequences, but 
more importantly also demonstrate its utility in allowing 
radiologists to accurately describe morphological features 
and precise locations of tears. 

With the exception of longitudinal tears, MRI with TSAi was 
found to be highly specific for each tear morphology in this 
investigation. Furthermore, our image acquisition sequence 
was also highly specific in localizing tears to the anterior, 
middle and root compartments. Root tears in particular are 
not well visualized on traditional MRI sequences and are 
associated with high morbidity if not repaired. The 
diagnostic capabilities of TSAi may therefore provide a 
clinically meaningful benefit in patients with meniscal root 
tears for instance. These findings suggest that MRI with 
TSAi provides a clinically useful quasi 3-D image of injured 
menisci that allows radiologists to accurately describe 
meniscal lesions. 

Surgical management of meniscus tears has shifted from 
total and partial meniscectomies to simple repairs of tears 
as a conservative surgical approach is associated with less 
pain and dysmobility. Orthopedic surgeons are increasingly 
reliant on accurate morphological descriptions of lesions by 
radiologists in order to inform their clinical decision making 
regarding surgical or non-operative management. The 
present investigation suggests that MRI with TSAi may 
become a clinically useful tool in allowing radiologists to 
provide the precise lesion characteristics which are 
germane to guiding surgical colleagues. 

This investigation was limited by the retrospective nature of 
its study design. For instance, the data set was reliant upon 
pre-existing non-standardized classification of meniscus 
tears both by the radiologists and surgeons. The relatively 
low sensitivity for tear characterization by morphology may 
be partially explained by this phenomenon. The lack of 
blinding of the arthroscopists to the MRI results also limits 
the strength of this investigation. Lastly, comparing the 
performance of standard MRI sequences with TSAi may 
help to more clearly delineate the capabilities of axial 
images.

Meniscus Tear Morphology

Vertical Perpendicular to tibial plateau.

Horizontal Parallel to tibial plateau. Splits the meniscus into superior and inferior portions in the 
sagittal and axial planes.

Vertical-Horizontal Oblique to tibial plateau.

Radial Perpendicular to the c-shaped circumference of meniscus in axial plane.

Longitudinal Parallel to the c-shaped circumference of meniscus in axial plane

Flap Tear of the meniscal midsubstance in which the tear changes direction leaving a 
displaceable fragment.

Bucket-Handle Longitudinal tear in which the inner aspect of the tear is displaced so as to resemble the 
shape of a bucket handle.

Complex Tear with complex features unable to be ascribed to a distinct tear morphology

Degenerative Degenerative fraying of the meniscus related to wear-and-tear.

Table 1 – Meniscus tear morphology classification schema

Table 2 – Tear Detection by Modality

Arthroscopy Positive Arthroscopy Negative Total

MRI Positive 90 6 96

MRI Negative 9 2 11

Total 99 8 107

Arthroscopy MRI P-Value1

N=79 N=95

Morphology (n, %)

Vertical 1 (2.2) 10 (16.4) 0.22

Horizontal 1 (2.2) 7 (11.5) 0.37

Oblique 4 (8.9) 8 (13.1) 0.37

Radial 12 (26.7) 7 (11.5) 0.10

Flap 16 (35.6) 9 (14.8) 0.07

Longitudinal 1 (2.2) 0 (0.0) 1.0

Bucket Handle 5 (11.1) 5 (8.2) 1.0

No Tear 5 (11.1) 15 (24.6) 0.58

Compartment (n, %)

Anterior 3 (5.6) 2 (3.7) 0.50

Middle 3 (5.6) 12 (22.2) 0.22

Posterior 43 (79.6) 34 (62.9) 0.38

Root 5 (9.3) 6 (11.1) 0.62

1McNemar’s Test used to compare proportions between Arthroscopy and MRI.
Table 3 - Compartment and Morphology

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Morphology (n, %)

Vertical 0.0 87.2 0.0 97.1

Horizontal 0.0 89.7 0.0 97.2

Oblique 50.0 89.5 20.0 97.1

Radial 33.3 92.9 66.7 76.5

Flap 46.2 96.3 85.7 78.8

Longitudinal n/a n/a n/a n/a

Buck Handle 80.0 97.1 80.0 97.1

No Tear 0.0 77.1 0.0 84.4

Compartment (n, %)

Anterior 33.3 100.0 100.0 95.3

Middle 0.0 88.4 0.0 97.4

Posterior 77.8 50.0 87.5 33.3

Root 75.0 92.5 50.0 97.4

Diagnostic indices calculated using ROC analysis. 
Table 4 - Diagnostic Capabilities of MRI versus Arthroscopy
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