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Abstract
Objectives To introduce MRI-based International Society of Arthroscopy, Knee Surgery and Orthopaedic Sports Medicine
(ISAKOS) classification system of meniscal tears and correlate it to the surgical findings from arthroscopy. We hypothesized
that the ISAKOS classification will provide good inter-modality and inter-rater reliability for use in the routine clinical practice of
radiologists and orthopedic surgeons.
Methods In this HIPAA-compliant cross-sectional study, there were 44 meniscus tears in 39 patients (26 males, 16 females).
Consecutive arthroscopy-proven meniscal tears (March 2017 to December 2017) were evaluated by two board-certified mus-
culoskeletal radiologists using isotropic three-dimensional (3D) MRI user-defined reconstructions. The surgically validated
ISAKOS classification of meniscal tears was used to describe medial meniscus (MM) and lateral meniscus (LM) tears.
Prevalence-adjusted bias-adjusted kappa (PABAK) and conventional kappa, and paired t test and intra-class correlation coeffi-
cient (ICC) were calculated for categorical and numerical variables, respectively.
Results For the MM, the PABAK for location, depth, length (ICC), pattern, quality of meniscus tissue, and zone was 0.7–1, 0.65,
0.57, 0.67, 0.78, and 0.39–0.7, respectively. For the LM, the PABAK for location, depth, length (ICC), pattern, quality of
meniscus tissue, zone, and central to popliteus hiatus was 0.57–0.95, 0.57, 0.74, 0.93, 0.38, 0.52–0.67, and 0.48, respectively.
The mean tear lengths were larger onMRI than on arthroscopy (mean difference MM 9.74 mm (6.66 mm, 12.81 mm; p < 0.001),
mean difference LM 4.04 mm (0.31 mm, 7.76 mm; p = 0.034)).
Conclusions The ISAKOS classification of meniscal tears on 3DMRI providesmostlymoderate agreement, which was similar to
the agreement at arthroscopy.
Key Points
• There is a fair to good inter-method correlation in most categories of ISAKOS meniscus tear classification.
• The tear lengths are significantly larger on MRI than on arthroscopy.
• The inter-reader correlation on 3D MRI is moderate to excellent, with the exception of lateral meniscus tear patterns.
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Abbreviations
2D Two-dimensional
ISAKOS The International Society of Arthroscopy,

Knee Surgery and Orthopaedic Sports Medicine
mm Millimeters
MRI Magnetic resonance imaging
PABAK Prevalence-adjusted bias-adjusted kappa
SD Standard deviation

Introduction

The knee menisci are C-shaped structures composed of
collagen and fibrocartilage and serve many essential func-
tions, such as shock absorption, axial load distribution,
joint lubrication, and stability [1, 2]. The predominant
circumferentially and longitudinally oriented type I colla-
gen bundles provide the meniscus with hoop strength, and
the thinner radial fibers tie the collagen bundles together
forming a lattice that provides an essential structural sup-
port for the menisci [3, 4]. Meniscus tears can result in
important clinical implications such as symptoms of pain,
locking and joint instability, and, importantly, cartilage
loss and development of osteoarthrosis [5–7]. The menisci
may tear from degenerative or traumatic mechanisms, and
eventually different patterns of meniscal tears can emerge
[8]. The treatments of these lesions vary from conserva-
tive management to partial meniscectomy, meniscal re-
pair, or transplantation [9–11]. In general, there is a lack
of data regarding the relevance of different morphologic
types of meniscal tears, proposed classifications, or their
treatments with respect to the future implications of lon-
gitudinal development of osteoarthrosis [12, 13]. In addi-
tion, the terminology used for description of the meniscus
tear and extent vary based on preference of the knee sur-
geon and interpreting radiologist.

The International Society of Arthroscopy, Knee
Surgery and Orthopaedic Sports Medicine (ISAKOS)
Knee Committee formed a Meniscus Documentation
Subcommittee in 2006 with an overarching goal of de-
veloping a reliable, international meniscal evaluation
and documentation system to facilitate outcomes assess-
ment [14]. The ISAKOS classification exhibited suffi-
cient inter-observer reliability among the orthopedic sur-
geons for pooling of data from international clinical
trials designed to evaluate the outcomes of treatment
for meniscal tears.

From the non-invasive diagnostic perspective, magnet-
ic resonance imaging (MRI) is the modality of choice for
the evaluation of meniscus tears, and a definitive diagno-
sis of an intact or a torn meniscus can be made in 90–95%
of knee MRI interpretations [15–20]. The tears are diag-
nosed based on morphologic a l terat ions and/or

hyperintense signal alterations that disrupt the meniscal
articular surface on intermediate-weighted or T2-
weighted sequences [17, 21, 22]. With wider availability
of the newer and higher-field MR scanners, thin-slice (3–
4 millimeters (mm)) imaging is routinely obtained for
two-dimensional (2D) knee MRIs [23–25]. In recent
years, 3D MR imaging with isotropic resolution is being
increasingly used and has been shown to provide similar
interpretation accuracy as 2D MR imaging for the menis-
cus tears [26–30]. This isotropic imaging allows sub 1-
mm user-defined reconstructions in multiple arbitrary
planes, especially along the axial planes of the medial or
lateral menisci, with depictions of the tear in similar ori-
entations as arthroscopy [31]. Thus, the extent and axial
rim width of the meniscus can both be evaluated.

While many different meniscus tear patterns have been
described in the literature [32–34] and are used in any given
musculoskeletal-orthopedic practice, neither MRI nor arthros-
copy guarantees complete detection of all knee pathologies.
Furthermore, MRI results are not always consistent with ar-
throscopic findings [35].

Thus, there is a need for a similar MRI-based ISAKOS
classification system of meniscus tears for consistent
reporting. The aim of this study was to apply MRI-based
ISAKOS classification system of meniscal tears on high-
resolution isotropic 3D MR imaging with user-defined recon-
structions and correlate it to surgical findings at the time of
arthroscopy. We hypothesized that the ISAKOS classification
provides good inter-modality and inter-rater reliability for use
in the routine clinical practice of radiologists and orthopedic
surgeons.

Methods

This was a cross-sectional retrospective analysis with institu-
tional review board approval. The informed consent was
waived.

Patient population

A consecutive series of patients were includedwho underwent
arthroscopy of the knee for a variety of reasons, such as cru-
ciate ligament injury, meniscus tear, and cartilage repair pro-
cedures from March 2017 to December 2017. The inclusion
criteria were adults (16–100 years), both genders,
arthroscopy-proven discrete meniscus tears, medial and lateral
meniscus tears (both of which could be present in the same
knee), 3D isotropic fat-suppressed intermediate-weighted fast
spin echo imaging, and 3-Tesla (T) MR imaging. The exclu-
sion criteria were metal or susceptibility artifacts, prior menis-
cus surgery, lack of 3D isotropic MR imaging or missing
arthroscopy photographs, and findings in the electronic health
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records. There were 44 3 Tesla studies with 3D imaging. Five
studies were excluded based on the absence of meniscal
pathology.

Data collection

A detailed electronic chart review was then performed by
three medical students. Demographic data (age, gender),
laterality of the knee and meniscus, and mean time of
MRI to arthroscopy date (in days) were recorded for each
patient. All information was charted on a Microsoft 2010
Excel spreadsheet. The arthroscopy images and findings
were retrieved from the electronic health records and re-
reviewed by the surgeon. All arthroscopies had been per-
formed by the same orthopedic surgeon with sports fel-
lowship training and 10 years of overall of orthopedic
surgery experience. The arthroscopy had been recorded
in a standardized manner depicting different compart-
ments of the knee in a sequential manner displaying all
surfaces of both medial and lateral menisci with arthros-
copy probes in the field of view.

The arthroscopic data acquired during surgery was
stored in the electronic health records of the patients.
It was retrieved and reviewed retrospectively along with
surgical reports.

The images of the patellofemoral compartment, lateral
gutter, medial compartment, and lateral compartment were

obtained in a standardized manner in the same sequence
with at least three to four images of each compartment
and with probes in the field of view. A second sports
fellowship–trained orthopedic surgeon reviewed and mea-
sured tears on all images 4 months after the first surgeon’s
readings. A consensus training was done on four cases
prior to the review of cases.

3D MRI protocol

The 3D imaging was obtained on 3-T scanners (Skyra,
Siemens; and Achieva and Ingenia, Philips) using multichan-
nel phased array knee coils from the same tertiary care insti-
tution. The sequence parameters of the intermediate-weighted
fast spin echo sequence on both scanner platforms included
repetition time = 1100 − 1200 ms, echo time = 37–42 ms, fat
suppression = spectral adiabatic inversion recovery, field of
view read = 180 mm, voxel = 0.65 × 0.65 × 0.65 mm3 ac-
quired, plane = coronal acquisition, slab = 1, slice
oversampling = 45.5%, phase oversampling = 0%, slices per
slab = 176, averages = 1.4, acceleration factor = 3, turbo fac-
tor = 68, and imaging time = 7 min.

MR imaging data evaluation

The MR imaging evaluation was performed indepen-
dently by two musculoskeletal fellowship–trained

Table 1 Guide for magnetic resonance imaging evaluation of meniscus tear based on ISAKOS classification (modified original arthroscopy-based
classification)

Criteria for meniscus tear identification Signal hyperintensity breaching the articular surface of the meniscus and/or abnormal morphology

Tear types

Horizontal tear Runs parallel to the tibial plateau, involves either one of the articular surfaces or the central free edge,
dividing the meniscus into superior and inferior portions

Longitudinal tear Runs perpendicular to the tibial plateau and parallel to the long axis of the meniscus, dividing the meniscus
into central and peripheral portions

Radial tear Runs perpendicular to both the tibial plateau and the long axis of the meniscus and extends from the
free edge towards the periphery along the radial plane of the meniscus (helpful signs—truncated triangle,
cleft, ghost, marching cleft)

Bucket handle tear Bucket handle tear is a longitudinal tear with central migration of the inner Bhandle^ fragment

Horizontal flap tear Horizontal flap tear has a displaced flap component of a predominantly horizontal tear

Complex tear Complex tear encompasses 2 or more tear directions (patterns)

Categories

Tear depth Partial or complete, depending upon the tear extending through one or both surfaces of the meniscus

Rim width zone 1—0 to 3 mm, zone 2—3 to 5 mm, zone 3—5 mm

Radial location Indicate whether the tear is posterior, mid body, or anterior in location

Central to popliteus hiatus Yes/no. A tear of the lateral meniscus that extends partially or completely in front of the popliteal hiatus
should be graded as central to the popliteal hiatus

Tear pattern Tears should be graded as per the predominant tear pattern, described above. Complex tears include
2 or more tear patterns

Quality of the tissue Degenerative characteristics include multiple tear patterns, diffusely increased signal and globular
enlargement, or irregular meniscal tissue with fibrillation/ fraying changes

Length of tear The length of a tear in millimeters is the distance the tear extends into the meniscus
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Table 2 Demographics and meniscus tear type, length, and distribution on magnetic resonance imaging and arthroscopy

Sex Age (years) Mean time from MRIa to arthroscopy
(days)

Right knees
(n)

Left knees
(n)

MMb tears
(n)

LMc tears
(n)

Male 26 29.27 ± 11.79

Female 13 36.69 ± 15.36

Total 39 31.74 ± 13.36 88.46 ± 71.18 21 18 23 21

Tears on arthroscopy
(n)

Mean (mmd) Standard deviation Tears on MRI
(n)

Mean (mm) SDe (mm)

Radial 5 2.8 0.45 7 6.07 4.75

Horizontal 1 28 12.86 1 24

Longitudinal 9 14.89 6.57 5 24.2 6.5

Bucket
handle

9 39 5.52 11 50.27 7.85

Horizontal
flap

2 14 14.14 3 15.33 14.57

Complex 18 23 7.65 17 32.29 10.38

aMagnetic resonance imaging
bMedial Meniscus
c Lateral Meniscus
dMillimeters
e Standard Deviation

Fig. 1 A 56-year-old male with a radial tear of the lateral meniscus.
Three-dimensional multiplanar reconstructions including user-
defined coronal (a), sagittal (b), and axial (c) planes show a radial
tear of the posterior horn of the lateral meniscus on non-contrast
MRI. A complex tear of the medial meniscus is also seen. Reader
1 MRI ISAKOS classification: depth—complete; rim width—zones
2, 3; radial location—mid body; central to popliteus hiatus—no; tear
pattern—radial; quality—non-degenerative; tear length—6 mm
(millimeters). Reader 2 MRI ISAKOS classification: depth—

partial; rim width—zone 3; radial location—mid body; central to
popliteus hiatus—no; tear pattern—radial; quality—degenerative;
tear length—4 mm (millimeters). Reader 1 arthroscopy (d)
ISAKOS classification: depth—partial; rim width–zone 3; radial
location—mid body; central to popliteus hiatus—no; tear pattern—
radial; quality—degenerative; tear length—4 mm. Reader 2 arthros-
copy ISAKOS classification: depth—partial; rim width—zones 2, 3;
radial location—mid body; central to popliteus hiatus—no; tear
pattern—radial; quality—degenerative; tear length—6 mm
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board-certified radiologists after a consensus reading on
four different meniscus tears for training purposes,
which was part of the final set of reads. The readers
were blinded to each other’s findings, and the readings
were performed 2 weeks following the training date. An
ISAKOS classification template guide [14] was available
for recording the findings (Table 1). The medical stu-
dents recorded the findings and prompted the radiolo-
gists to find and evaluate the tear of medial, lateral, or
both menisci in the same knee as the study was not
aimed at testing the accuracy or sensitivity of detection
of meniscus tears. The readers were also blinded to the
actual arthroscopy findings as well as to the surgically
recorded type and extent of each meniscus tear. A tear
with two or more directions was termed as a complex
type, which also included the longitudinal flap tear var-
iant that has been traditionally described as a separate
subtype in the ISAKOS classification. The imaging
evaluation was performed on PACS (picture archiving

and communication system) with in-line processing of
the 3D isotropic images in coronal, sagittal, and user-
defined axial planes of both menisci [31]. Less than a
minute was required to create such images in real time,
and another several minutes to evaluate each meniscus.
These axial planes allowed assessment of the length of
the meniscus tear, rim width, and zonal location like
arthroscopy (Fig. 1). No images were degraded by mo-
tion or precluded the reading assessment.

Arthroscopy data evaluation

Two fellowship-trained sports surgeons evaluated the arthros-
copy images of each case. The reads were recorded using the
ISAKOS classification system and blinded to the original
MRI reading and re-review results of the 3D MRI by the
radiologists. The meniscus tear length was estimated based
on the probe diameter.

Fig. 2 A 26-year-old male with a horizontal tear. Three-dimensional
multiplanar reconstructions including user-defined coronal (a), sagittal
(b), and axial (c) planes show a horizontal tear of the posterior horn of
the lateral meniscus with an intra- and para-meniscal cyst on non-contrast
MRI. Reader 1 MRI ISAKOS classification: depth—complete; rim
width—zones 1, 2, 3; radial location—posterior; central to popliteus
hiatus—yes; tear pattern—horizontal; quality—degenerative; tear
length—24 mm (millimeters). Reader 2 MRI ISAKOS classification:
depth—complete; rim width—zones 1, 2, 3; radial location—posterior;

central to popliteus hiatus—no; tear pattern—horizontal; quality—degen-
erative; tear length—28 mm (millimeters). Reader 1 arthroscopy (d)
ISAKOS classification: depth—complete; rim width—zones 1, 2, 3; ra-
dial location—posterior; central to popliteus hiatus—no; tear pattern—
horizontal; quality—degenerative; tear length—28mm. Reader 2 arthros-
copy ISAKOS classification: depth—complete; rimwidth—zones 1, 2, 3;
radial location—posterior; central to popliteus hiatus—no; tear pattern—
horizontal; quality—non-degenerative; tear length—25 mm
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Statistical analysis

The data was recorded on a Microsoft Excel 2010
datasheet and tabulated as mean ± standard deviation
(SD) and percentages. Prevalence-adjusted bias-adjusted
kappa (PABAK) was calculated for categorical variables
to account for imbalance of prevalence. Conventional
kappa (k) was also calculated for categorical variables
for comparison with previous studies. An intra-class
correlation coefficient (ICC) was calculated for continu-
ous variables. Ninety percent confidence intervals were
also calculated. The Altman scale was used for catego-
rization of PABAK and conventional kappa values; a
value less than or equal to 0.20, 0.21–0.40, 0.41–0.60,
0.61–0.80, and 0.81–1.00 indicated poor, fair, moderate,
good, and excellent agreements, respectively [36]. The
Cicchetti scale was used for categorization of intra-class
correlation (ICC); a value less than or equal to 0.40,
0.40–0.59, 0.60–0.74, and 0.75–1.00 indicated poor,
fair, good, and excellent agreements, respectively [37].

Paired t tests were used to calculate the mean differ-
ences and associated 95% confidence interval between
arthroscopy and MRI tear lengths. Bland-Altman plot
data was calculated to display tear measurement agree-
ment between readers. Normality of continuous data
was checked by quantile-quantile plots for appropriate-
ness on the normality assumption. Non-parametric sign-
rank tests were also used to test differences in location.
The significance level was set at 0.05. All analyses
were done in SAS 9.4 (SAS Institute Inc.).

Results

Patient demographics and meniscal tear distribution

The patient demographics are summarized in Table 2.
There were 39 patients with ages of 31.7± 13.4 years (mean

± SD). There were 39MRIs (21 right and 18 left knees) and 44

Fig. 3 A 24-year-old male with a longitudinal tear. Three-dimensional
multiplanar reconstructions including user-defined coronal (a), sagittal
(b), and axial (c) planes show a longitudinal tear of the posterior horn
of the medial meniscus on non-contrast MRI. Reader 1 MRI ISAKOS
classification: depth—complete; rim width—zone 2; radial location—
posterior; quality—non-degenerative; tear pattern—longitudinal; tear
length—17 mm (millimeters). Reader 2 MRI ISAKOS classification:
depth—complete; rim width—zone 2; radial location—posterior;

quality—non-degenerative; tear pattern—longitudinal; tear length—
20 mm (millimeters). Arthroscopy reader 1 (d) ISAKOS classification:
depth—complete; rim width—zone 2; radial location—posterior; tear
pattern—longitudinal; quality—non-degenerative; tear length—16 mm.
Arthroscopy reader 2 ISAKOS classification: depth—complete; rim
width—zone 1; radial location—middle, posterior; tear pattern—
longitudinal; quality—non-degenerative; tear length—25 mm
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meniscus tears. The mean time from MR imaging to arthros-
copy was 88.46 ± 71.18 days.

Types and lengths of the meniscus tears

The most common meniscus tears were the complex
type on both arthroscopy (18/44, 40.9%) and MR imag-
ing (17/44, 38.6%). The least common types were the
horizontal or horizontal flap tears with degenerative
changes, which is expected in a surgically managed
population. The bucket handle tears were the largest
(39.0 ± 5.5 and 50.27 ± 7.9 mm), and the radial tears
were the smallest (2.8 ± 0.2 and 6.0 ± 4.8 mm) on ar-
throscopy and MR imaging, respectively. Radial, hori-
zontal, and longitudinal tears are shown in Figs. 1, 2,
and 3, respectively.

Inter-rater correlation (surgeons)

The data is summarized in Tables 3 and 4. For the medial
meniscus, the PABAK for location, depth, pattern, quality
of meniscus tissue, and zone was good to excellent, good,
excellent, excellent, and moderate to excellent, respective-
ly. The conventional kappa for location, depth, pattern,

quality of meniscus tissue, and zone was fair to good,
good, excellent, excellent, and fair to good, respectively.
The ICC for length was excellent. For the lateral menis-
cus, the PABAK for location, depth, pattern, quality of
meniscus tissue, zone, and central to popliteus hiatus
was excellent, moderate, excellent, excellent, good, and
excellent, respectively. The conventional kappa for loca-
tion, depth, pattern, quality of meniscus tissue, and zone
was fair to excellent, good, excellent, moderate, good to
excellent, and excellent, respectively. The ICC for length
was excellent (Figs. 1, 2, and 3).

Inter-rater correlation (radiologists)

The data is summarized in Tables 3 and 4. For the medial
meniscus, the PABAK for location, depth, pattern, quality of
meniscus tissue, and zone was moderate to excellent, excel-
lent, excellent, excellent, and fair to good, respectively. The
conventional kappa for location, depth, pattern, quality of me-
niscus tissue, and zone was moderate to good, fair, good,
excellent, and moderate to good, respectively. The ICC for
length was good. For the lateral meniscus, the PABAK for
location, depth, pattern, quality of meniscus tissue, zone, and
central to popliteus hiatus was good to excellent, good,

Table 4 Magnetic resonance imaging and arthroscopy correlations (conventional kappa)d

Variable Surgeons Radiologists Surgeons vs. radiologists

LMa anterior 0.22 (− 0.32, 0.76) 0.7 (0.31, 1) 0.58 (0.17, 0.98)

LM middle 0.86 (0.59, 1) 0.77 (0.46, 1) 0.43 (0.01, 0.85)

LM posterior 1 (1, 1) 0.83 (0.51, 1) 0.91 (0.69, 1)

LM tear depth 0.67 (0.35, 1) 0.52 (0.16, 0.87) 0.54 (0.18, 0.9)

LM tear pattern 0.82 (0.63, 1) 0.82 (0.63, 1) 0.91 (0.78, 1)

LM tissue quality 0.42 (0.02, 0.81) 0.86 (0.59, 1) 0.33 (− 0.04, 0.7)
LM zone 1 0.71 (0.41, 1) 0.72 (0.43, 1) 0.53 (0.19, 0.87)

LM zone 2 0.8 (0.54, 1) 0.69 (0.37, 1) 0.64 (0.31, 0.97)

LM zone 3 0.89 (0.68, 1) 0.72 (0.43, 1) 0.61 (0.29, 0.93)

LM central to popliteus hiatus 0.9 (0.71, 1) 0.89 (0.69, 1) 0.49 (0.11, 0.87)

MMb anterior 0.33 (− 0.11, 0.77) 0.57 (0.22, 0.91) 0.56 (0.19, 0.94)

MM middle 0.65 (0.01, 1) 0.78 (0.36, 1) 0.72 (0.24, 1)

MM posteriorc

MM tear depth 0.78 (0.36, 1) 0.39 (− 0.09, 0.88) 0.29 (− 0.21, 0.79)
MM tear pattern 0.82 (0.62, 1) 0.74 (0.52, 0.96) 0.54 (0.31, 0.78)

MM tissue quality 1 (1, 1) 0.91 (0.75, 1) 0.78 (0.52, 1)

MM zone 1 0.25 (− 0.11, 0.6) 0.74 (0.41, 1) 0.39 (0.06, 0.71)

MM zone 2 0.59 (0.17, 1) 0.47 (− 0.13, 1) 0.38 (− 0.1, 0.87)
MM zone 3 0.74 (0.48, 1) 0.5 (0.21, 0.8) 0.61 (0.3, 0.91)

a Lateral meniscus (LM)
bMedial meniscus (MM)
cAgreement for the MM posterior is not available due to lack of variability
d Conventional kappa was used for categorical variables
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excellent, moderate, good to excellent, and excellent, respec-
tively. The conventional kappa for location, depth, pattern,
quality of meniscus tissue, and zone was good to excellent,
moderate, excellent, excellent, good, and excellent, respec-
tively. The ICC for length was excellent.

Inter-method (surgeons vs. radiologists) correlation

The data is summarized in Tables 3 and 4. For the medial
meniscus, the PABAK for location, depth, pattern, quality of
meniscus tissue, and zone was good to excellent, good, good,
good, fair to good, respectively. The conventional kappa for
location, depth, pattern, quality of meniscus tissue, and zone
was moderate to good, fair, moderate, good, and fair to good,
respectively. The ICC for length was fair. For the lateral menis-
cus, the PABAK for location, depth, pattern, quality of menis-
cus tissue, zone, and central to popliteus hiatus was moderate to
excellent, moderate, excellent, fair, moderate to good, andmod-
erate, respectively. The conventional kappa for location, depth,

pattern, quality of meniscus tissue, and zone was moderate to
excellent, moderate, excellent, fair, moderate to good, andmod-
erate, respectively. The ICC for length was good.

Measurement differences between readers

Themean tear lengths were not significantly different between
the two arthroscopy readers (mean difference MM 2.57 mm
(− 0.97 mm, 6.10 mm; p = 0.147), mean difference LM
0.48 mm (− 2.66 mm, 3.62 mm; p = 0.755)). The mean tear
lengths were not significantly different between the two MRI
readers (mean difference MM − 0.57 mm (− 2.80 mm,
1.67 mm; p = 0.606), mean difference LM − 1.02 mm (−
4.97 mm, 2.93 mm; p = 0.595)). The mean tear lengths were
significantly larger on MRI for the MM and LM (mean dif-
ference MM 9.74 mm (6.66 mm, 12.81 mm; p < 0.001), mean
difference LM 4.04 mm (0.31 mm, 7.76 mm; p = 0.034)).
Examples of this are shown in Figs. 4 and 5. The agreement
between readers is given by Bland-Altman results in Table 5.

Table 3 Magnetic resonance imaging and arthroscopy correlations (PABAK and ICC)e

Variable Surgeons Radiologists Surgeons vs. radiologists

LMa anterior 0.81 (0.4, 1) 0.62 (0.19, 1) 0.76 (0.35, 1)

LM middle 0.81 (0.4, 1) 0.9 (0.51, 1) 0.57 (0.14, 1)

LM posterior 0.9 (0.51, 1) 1 (0.64, 1) 0.95 (0.57, 1)

LM tear depth 0.52 (0.09, 0.96) 0.71 (0.29, 1) 0.57 (0.14, 1)

LM tear length (ICC) 0.9 (0.77, 0.96) 0.87 (0.72, 0.95) 0.74 (0.45, 0.89)

LM tear length mean differenceb 0.48 mm (− 2.66, 3.62; p = 0.755) − 1.02 mm (− 4.97, 2.93; p = 0.595) 4.04 mm (0.31, 7.76; p = 0.034)c

LM tear pattern 0.85 (0.61, 1) 0.85 (0.61, 1) 0.93 (0.7, 1)

LM tissue quality 0.9 (0.51, 1) 0.43 (0, 0.86) 0.38 (− 0.05, 0.81)
LM zone 1 0.71 (0.29, 1) 0.71 (0.29, 1) 0.52 (0.1, 0.95)

LM zone 2 0.71 (0.29, 1) 0.81 (0.4, 1) 0.67 (0.25, 1)

LM zone 3 0.71 (0.29, 1) 0.9 (0.51, 1) 0.62 (0.19, 1)

LM central to popliteus hiatus 0.81 (0.4, 1) 0.9 (0.51, 1) 0.48 (0.04, 0.91)

MMd anterior 0.65 (0.25, 1) 0.57 (0.15, 0.98) 0.7 (0.3, 1)

MM middle 0.91 (0.55, 1) 0.91 (0.55, 1) 0.91 (0.55, 1)

MM posterior 1 (0.66, 1) 1 (0.66, 1) 1 (0.66, 1)

MM tear depth 0.65 (0.25, 1) 0.91 (0.55, 1) 0.65 (0.25, 1)

MM tear length (ICC) 0.94 (0.87, 0.97) 0.74 (0.49, 0.88) 0.57 (0.03, 0.85)

MM tear length mean differenceb 2.57 mm (− 0.97, 6.10; p = 0.147) − 0.57 mm (− 2.80, 1.67; p = 0.606) 9.74 mm (6.66, 12.81; p < 0.001)

MM tear pattern 0.82 (0.59, 1) 0.87 (0.64, 1) 0.67 (0.44, 0.9)

MM tissue quality 0.91 (0.55, 1) 1 (0.66, 1) 0.78 (0.39, 1)

MM zone 1 0.83 (0.44, 1) 0.22 (− 0.19, 0.62) 0.39 (− 0.01, 0.79)
MM zone 2 0.83 (0.44, 1) 0.74 (0.34, 1) 0.7 (0.29, 1)

MM zone 3 0.48 (0.06, 0.89) 0.74 (0.34, 1) 0.61 (0.2, 1)

a Lateral meniscus (LM)
bA paired t test was used to calculate mean difference and the associated 95% confidence interval
c The difference between surgeons and radiologists was calculated as MRI length − arthroscopy length
dMedial meniscus (MM)
e Prevalence-adjusted bias-adjusted kappa (PABAK) was calculated for categorical variables while an intra-class correlation coefficient (ICC) was
calculated for continuous. PABAK is given unless otherwise indicated within parentheses in the first column
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Discussion

This study suggests that anMRI-based ISAKOS classification
system may be employed in a multidisciplinary practice with
different specialties using the same language for improved
collaboration and better patient management. This surgically
validated system can be used routinely in structured MRI re-
ports and can aid in the longitudinal tracking of meniscus tears
and their effect on the health of knee cartilage.

There was a fair to good inter-method correlation in most
categories, and an excellent correlation in fewer categories
when 3D MRI interpretations were compared with the surgi-
cal interpretations using PABAK. Conventional kappa values
were slightly less than PABAK values due to underestimation
by kappa as a result of imbalanced prevalence. Employment
of a uniform and reproducible classification system across
disciplines offers great potential for improved inter-
disciplinary communications, better patient management

planning, and longitudinal evaluation of meniscus tears and
patient outcomes.

Tear depth

The tear depth inter-method correlation ranged from fair to
moderate; prior studies have showed moderate correlation
(k = 0.29–0.54 vs. k = 0.46–0.52, respectively) [14, 38].

Rim width

The rim width inter-method correlation was fair to good; cor-
relationwas fair in prior arthroscopy studies (k = 0.38–0.64 vs.
k = 0.25–0.30, respectively) [14, 38]. In the original ISAKOS
classification, if tears involved more than one zone, they were
graded based on how far the tear extended into the meniscus
[14]. For example, a complete radial tear that extends through
zones 3, 2, and 1 was graded as a zone 1 tear. To be more

Fig. 4 A 35-year-old male with a bucket handle tear. 3-Dimensional
multiplanar reconstructions including user-defined coronal (a), sagittal
(b), and axial (c) planes show a bucket handle tear of the anterior horn,
mid body, and posterior horn of the medial meniscus on non-contrast
MRI. Reader 1 MRI ISAKOS classification: depth—complete; rim
width—zones 2, 3; radial location—anterior, mid body, posterior; tear
pattern—bucket handle; quality—non-degenerative; tear length—
52 mm (millimeters). Reader 2 MRI ISAKOS classification: depth—
complete; rim width—zones 2, 3; radial location—anterior, mid body,

posterior; tear pattern—bucket handle; quality—degenerative; tear
length—60 mm (millimeters). Arthroscopy reader 1 (d) ISAKOS classi-
fication: depth—complete; rim width—zones 2, 3; radial location—ante-
rior, mid body, posterior; tear pattern—bucket handle; quality—
degenerative; tear length—36 mm. Arthroscopy reader 2 (d) ISAKOS
classification: depth—complete; rim width—zone 2; radial location—an-
terior, mid body, posterior; tear pattern—bucket handle; quality—
degenerative; tear length—45 mm
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detailed and precise, radiologists and surgeons chose to record
all possible involved zones. Thus, user-defined axial recon-
struction [31] from 3DMRI facilitated better determination of
the zonal involvement. Better correlations in our study were
likely attributable to the improved arthroscopy portals and
current visualization techniques, surgical expertise, and high-
resolution isotropic 3D spin echo imaging.

Radial location

Radial location inter-method correlation ranged from moder-
ate to excellent; in prior studies, correlation ranged frommod-
erate to good (k = 0.43–0.91 vs. k = 0.46–0.61, respectively).

Central to the popliteus hiatus

Moderate inter-method correlation was seen with respect to
the categorization of the lateral meniscus tears as being central
(in front) to the popliteal hiatus; correlation was fair to mod-
erate in prior studies (k = 0.49 vs. k = 0.36–0.42, respectively)

[14, 38]. Location in relation to the popliteus hiatus is clini-
cally important as tears in front of the hiatus may not be
repaired and are only debrided.

Tear pattern

There was moderate to excellent inter-method agreement
for the pattern of meniscus tear type; there was good cor-
relation in prior studies (k = 0.54–0.91 vs. k = 0.63–0.72,
respectively) [14, 38]. It is important to note that the ar-
throscopic visualization of a complete pattern can be dif-
ficult at times; e.g., if the predominant direction of the
tear towards the notch is longitudinal, and the displaced
meniscus tissue blocks the field of view, the horizontal
component towards the peripheral capsular attachment
may be missed. It is only noticed if the meniscus is
probed diligently after debridement. On the contrary, the
MRI reader can easily appreciate multiple directions of
the tear, including the perimeniscal cyst related to the
peripheral horizontal component of the meniscus tear.

Fig. 5 A 17-year-old male with a longitudinal tear. Three-dimensional
multiplanar reconstructions including user-defined coronal (a), sagittal
(b), and axial (c) planes show a longitudinal tear of the mid body and
posterior horn of the medial meniscus on non-contrast MRI. Reader 1
MRI ISAKOS classification: depth—complete; rimwidth—zones 1, 2, 3;
radial location—mid body, posterior; tear pattern—longitudinal; quali-
ty—non-degenerative; tear length—30 mm (millimeters). Reader 2
MRI ISAKOS classification: depth—complete; rim width—zone 2;

radial location—mid body, posterior; tear pattern—longitudinal; quali-
ty—non-degenerative; tear length—25 mm (millimeters). Arthroscopy
reader 1 (d) ISAKOS classification: depth—complete; rim width—zone
2; radial location—mid body, posterior; tear pattern—longitudinal; qual-
ity—non-degenerative; tear length—12 mm. Arthroscopy reader 2
ISAKOS classification: depth—complete; rim width—zone 2; radial
location—mid body, posterior; tear pattern—longitudinal; quality—
non-degenerative; tear length—16 mm
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Quality of the meniscal tissue

The meniscal tissue quality evaluation inter-method correla-
tion was fair to good; in prior studies, correlation was moder-
ate (k = 0.33–0.78 vs. k = 0.47, respectively). Small areas of
myxoid signal were ignored during MRI interpretations as
these are unlikely to be picked up by the surgeon on arthros-
copy. Since arthroscopy picks up subtle areas of meniscus free
edge fibrillations, which can be missed onMRI, it seems to be
the best achievable correlation.

Lengths of tears

The length of tear inter-method correlation was moderate to
good; in prior studies, correlation was good to excellent
(ICC = 0.57–0.74 vs. ICC = 0.78–0.83, respectively).
Meniscus tears were larger on MRI as compared with arthros-
copy, especially the medial meniscus tears. This may be ex-
plained by several factors, such as MRI allows assessment of
intra-substance extension of the lesion which may not be

probable or could be missed on meniscus probing. In addition,
the lesions may have partially healed or filled with
granulation/fibrous tissue. Finally, the arthroscopy findings
were estimated from the probe diameter and may not be
completely accurate.

Inter-reader correlation was fair to excellent in most cate-
gories, with the exception of zone and radial location. Drops
in correlation may be explained by underlying variations in
the root attachment morphologies of the meniscus or other
observer factors. Challenges with the diagnosis of lateral me-
niscus tears have also been discussed in prior reports [39].

Certain limitations need to be mentioned, such as the
timing of arthroscopy could not be uniformly controlled due
to the retrospective cross-sectional nature of the study. It is
conceivable that the tears may have partially healed [39] or
progressed in the interim. The sample size was small; howev-
er, this was an intentional to ensure that the uniform 3D iso-
tropic imaging scan evaluations were compared with the ar-
throscopy findings. Furthermore, the small sample size may
account for the observed large confidence intervals. Due to

Table 5 Bland-Altman plot data
Variable Reader 1 Reader 2 Mean 95% CIa of

mean
p value Limit of

agreement

LMb tear length Radiologist 1 Radiologist 2 1 − 3 5 0.595 − 16 18

LM tear length Radiologist 1 Surgeon 1 − 3 − 10 3 0.318 − 32 26

LM tear length Radiologist 1 Surgeon 2 − 4 − 9 2 0.178 − 28 20

LM tear length Radiologist 2 Radiologist 1 − 1 − 5 3 0.595 − 18 16

LM tear length Radiologist 2 Surgeon 1 − 4 − 9 1 0.077 − 25 16

LM tear length Radiologist 2 Surgeon 2 − 5 − 9 − 1 0.020 − 22 12

LM tear length Surgeon 1 Radiologist 1 3 − 3 10 0.318 − 26 32

LM tear length Surgeon 1 Radiologist 2 4 − 1 9 0.077 − 16 25

LM tear length Surgeon 1 Surgeon 2 0 − 4 3 0.755 − 14 13

LM tear length Surgeon 2 Radiologist 1 4 − 2 9 0.178 − 20 28

LM tear length Surgeon 2 Radiologist 2 5 1 9 0.020 − 12 22

LM tear length Surgeon 2 Surgeon 1 0 − 3 4 0.755 − 13 14

MMc tear length Radiologist 1 Radiologist 2 1 − 2 3 0.606 − 10 11

MM tear length Radiologist 1 Surgeon 1 − 8 − 13 − 3 0.002 − 29 13

MM tear length Radiologist 1 Surgeon 2 − 11 − 15 − 6 < 0.0001 − 31 10

MM tear length Radiologist 2 Radiologist 1 − 1 − 3 2 0.606 − 11 10

MM tear length Radiologist 2 Surgeon 1 − 9 − 13 − 5 < 0.0001 − 28 10

MM tear length Radiologist 2 Surgeon 2 − 11 − 16 − 7 < 0.0001 − 31 8

MM tear length Surgeon 1 Radiologist 1 8 3 13 0.002 − 13 29

MM tear length Surgeon 1 Radiologist 2 9 5 13 < 0.0001 − 10 28

MM tear length Surgeon 1 Surgeon 2 − 3 − 6 1 0.147 − 19 13

MM tear length Surgeon 2 Radiologist 1 11 6 15 < 0.0001 − 10 31

MM tear length Surgeon 2 Radiologist 2 11 7 16 < 0.0001 − 8 31

MM tear length Surgeon 2 Surgeon 1 3 − 1 6 0.147 − 13 19

a Confidence interval (CI)
b Lateral meniscus (LM)
cMedial meniscus (MM)
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retrospective evaluation of arthroscopies, the surgeons did not
have the advantage of tactile sensation provided by probing to
evaluate the meniscal tears and quality of the tissue. In the
future, a prospective study can be performed with real-time,
head-to-head comparison of the 3D MRI and arthroscopy
findings.

In conclusion, the ISAKOS classification of meniscal tears
on 3D MRI provides mostly moderate agreement, which was
similar to the agreement at arthroscopy. Our results may pro-
vide a basis for the use of ISAKOS classification for MRI in
clinical practice.
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