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Purpose:

Materials and
Methods:

Results:

Conclusion:

To assess the associations of meniscal tears, knee mal-
alignment, cartilage damage, knee effusion, and body
mass index with meniscal extrusion.

The Multicenter Osteoarthritis study is an observational
study of individuals who have or are at risk for knee os-
teoarthritis (OA). The HIPAA-compliant protocol was ap-
proved by the institutional review boards of all participat-
ing centers, and written informed consent was obtained
from all patients. All subjects with available baseline knee
radiographs and magnetic resonance (MR) images were
included. MR imaging assessment of meniscal morpho-
logic characteristics, meniscal position, and cartilage
morphologic characteristics with use of the Whole-Organ
Magnetic Resonance Imaging Score system was performed
by two musculoskeletal radiologists. Cross-sectional asso-
ciations of severity of meniscal tears, knee malalignment,
tibiofemoral cartilage damage, knee effusion, and body
mass index with meniscal extrusion were assessed by us-
ing logistic regression, with multiadjustments when test-
ing each predictor.

A total of 1527 subjects (2131 knees; 2116 medial and
2106 lateral menisci) were included. Medially, meniscal
tears, varus malalignment, and cartilage damage were as-
sociated with meniscal extrusion, with odds ratios (ORs)
of 6.3 (95% confidence interval [CI]: 5.0, 8.0), 1.3 (95%
CI: 1.1, 1.7), and 1.8 (95% CI: 1.4, 2.2), respectively. Lat-
erally, meniscal tears, valgus malalighment, and cartilage
damage were associated with meniscal extrusion, with
ORs of 10.3 (95% CI: 7.1, 14.9), 2.2 (95% CI: 1.5, 3.2),
and 2.0 (95% CI: 1.3, 2.9), respectively.

Meniscal tears are not the only factors associated with
meniscal extrusion; other factors include knee malalign-
ment and cartilage damage. Meniscal extrusion is proba-
bly an effect of the complex interactions among joint tis-
sues and mechanical stresses involved in the OA process.

©RSNA, 2012
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he role of meniscal pathologic
findings in knee osteoarthritis
(OA) has been extensively ex-
plored, including prediction of incident
knee OA on radiographs and structural
deterioration of the surrounding articu-
lar tissues (1-16). Meniscal pathologic
findings are common among persons
with and without knee OA (17-19). In
the knee joint, the role of the menisci
includes important functions, such as
load bearing, shock absorption, lubri-
cation, and joint stability (20,21). Thus,
mechanical impairment of the meniscus
caused by tearing or extrusion may al-
ter the weight-bearing capacities of the
tibiofemoral compartments, leading to
damage in the articular cartilage, as
well as in the subchondral bone, ulti-
mately contributing to progression of
knee OA (1,2,5,16). It has been dem-
onstrated that meniscal extrusion is an
independent predictor of tibiofemoral
cartilage loss (2,4,8,9,13,15) and de-
generative subchondral bone marrow
lesions (10,16). Thus, the knowledge of
potential factors associated with menis-
cal extrusion is of utmost importance,
as it may help prevent extrusion and
further deterioration of the adjacent ar-
ticular cartilage and subchondral bone.
Tearing of the meniscus is a known
factor related to meniscal extrusion

(22-26). Although root tears are

Advances in Knowledge

B All Whole-Organ Magnetic Reso-
nance Imaging Score grades of
severity of meniscal pathologic
findings are independently asso-
ciated with meniscal extrusion,
with higher grades of meniscal
tears having stronger associa-
tions with meniscal extrusion in
both compartments; root tears
are strongly and independently
associated with meniscal extru-
sion in the medial compartment.

B Factors other than meniscal
tears, such as tibiofemoral
cartilage damage and knee
malalignment, are independently
associated with meniscal extru-
sion in the same tibiofemoral
compartment.

considered by many authors as the
most relevant factor associated with
extrusion of the meniscus (25,27-29),
it has been demonstrated that several
types of meniscal tears, including non-
root tears, are also related to meniscal
extrusion (23,24,30). Magnetic reso-
nance (MR) imaging has become estab-
lished as the most important imaging
modality in the assessment of knee
pathologic findings, exhibiting excellent
diagnostic performance in the detection
of meniscal pathologic abnormalities
(31,32). Also, MR imaging has proved
to be a useful tool in the assessment of
meniscal extrusion (2,9,22).

Other factors may also be related to
meniscal extrusion, even when no other
meniscal pathologic findings are detect-
ed (25,26,33). Factors such as knee
malalignment, tibiofemoral cartilage
loss, and body mass index (BMI) might
increase the load transmitted to the
tibiofemoral compartments, and thus
to the menisci, which may lead to
meniscal extrusion. Also, it has been
demonstrated that knee effusion may
be responsible for meniscal extrusion
in the medial compartment, since dis-
placement of the joint capsule by fluid
might pull the tightly attached medial
meniscus with it (34).

In the present study, we aimed to
assess the cross-sectional association
of meniscal tears with meniscal extru-
sion in subjects who have or are at risk
for knee OA. Also, we aimed to assess
the cross-sectional associations of fac-
tors other than meniscal tears, such
as tibiofemoral cartilage damage, knee

Implication for Patient Care

m Several factors are associated
with meniscal extrusion; target-
ing such factors during manage-
ment might help prevent menis-
cal extrusion and further
deterioration of the tibiofemoral
joint in subjects who have or are
at risk for knee osteoarthritis
(OA); further exploration of the
longitudinal effect of manage-
ment of these factors on menis-
cal extrusion and on progression
of knee OA is needed.

malalignment, knee effusion, and BMI,
with meniscal extrusion in the same tib-
iofemoral compartment.

Materials and Methods

Two authors (M.D.C. and M.D.M.)
are shareholders in and one author
(F.W.R.) is vice president of and part-
ner in Boston Imaging Core Lab (Bos-
ton, Mass), a company that provides
radiologic image assessment services.
One author (A.G.) is president of Bos-
ton Imaging Core Lab. Four authors
(D.T.F.,, M.C.N., J.C.T., and C.E.L.)
had control of the data.

Study Design and Subjects

Subjects were participants in the Mul-
ticenter Osteoarthritis (MOST) study,
a prospective epidemiologic study of
3026 people aged 50-79 years (overall
mean age, 62.5 years) with a goal of
identifying risk factors for incident and
progressive knee OA in a population ei-
ther with or at high risk of developing
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Abbreviations:

BMI = body mass index

Cl = confidence interval

MOST = Multicenter Osteoarthritis

0A = osteoarthritis

OR = odds ratio

STIR = short-tau inversion recovery

WORMS = Whole-0Organ Magnetic Resonance Imaging
Score
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OA. Included were 1820 female (mean
age, 62.7 years; range, 50-79 years)
and 1206 male (mean age, 62.2 years;
range, 50-79 years) patients. They
were recruited from two U.S. commu-
nities (Birmingham, Ala, and lTowa City,
lowa) through mass mailing of letters
and study brochures, supplemented by
media and community outreach cam-
paigns. The Health Insurance Portabil-
ity and Accountability Act-compliant
study protocol was approved by the
institutional review boards at the Uni-
versity of lowa, University of Alabama
at Birmingham, University of California
at San Francisco, and Boston University
School of Medicine. We obtained writ-
ten informed consent from all patients.
Participants at high risk of developing
OA considered in the MOST study (a)
were overweight or obese subjects; (b)
were subjects with knee pain, aching,
or stiffness on most of the past 30 days;
(c) had a history of knee injury that
made it difficult to walk for at least 1
week; and (d) had a history of knee
surgery. Subjects were not eligible to
participate in the MOST study if they
had positive results of screening for
rheumatoid arthritis (35); had ankylos-
ing spondylitis, psoriatic arthritis, re-
active arthritis, renal insufficiency that
required hemodialysis or peritoneal
dialysis, or a history of cancer (except
for nonmelanoma types of skin cancer);
underwent or planned to undergo bilat-
eral knee replacement surgery; were
unable to walk without assistance; or
were planning to move out of the area
in the next 3 years.

In the present study, we included all
participants with available baseline ra-
diographs and MR images of the knee.
These knees were previously selected
for one or more of three substudies
in the MOST study: (a) a cohort study
of risk factors for radiographically de-
picted OA progression that included
randomly selected knees with either
patellofemoral or tibiofemoral OA; (b)
a case-control study of risk factors for
incident OA on radiographs; and (c) a
case-control study of risk factors for
onset of consistent, frequent knee pain
(36). Of all subjects eligible to partic-
ipate in the MOST study, 2131 knees

from 1527 subjects were examined with
both long-limb radiography and MR im-
aging of the knee at baseline and were
included in the analysis.

Radiographs

At baseline, all subjects underwent
weight-bearing posteroanterior fixed-
flexion knee radiography by using the
protocol of Peterfy et al (37) and a
Plexiglas positioning frame (SynaFlex-
er; Synarc, San Francisco, Calif). Long-
limb radiographs were acquired with
a 14 X S5l-inch cassette. Mechanical
alignment was measured as the angle
formed by the intersection of the femo-
ral and tibial mechanical axes. The fem-
oral mechanical axis is the line from the
center of the femoral head through the
center of the knee, and the tibial me-
chanical axis is drawn as a line from the
center of the ankle to the center of the
knee. Neutral alignment was defined
as 179°-181°, varus malalignment as
178° or less, and valgus malalignment
as 182° or greater. A musculoskeletal
radiologist and a rheumatologist, who
are not authors of this work, who both
had more than 10 years of experience
in reading study radiographs and were
blinded to clinical data, independently
graded the radiographs according to
the Kellgren-Lawrence scale (38). Ra-
diographs were presented sequentially,
with readers blinded to all clinical data
and to MR imaging findings. Radio-
graphic tibiofemoral OA was consid-
ered present if the Kellgren-Lawrence
grade was two or higher. If readers dis-
agreed on the presence of radiographi-
cally depicted OA, readings were adju-
dicated by a panel of three readers (two
nonauthors and D.T.F.).

MR Image Acquisition

MR images were obtained in both
knees at baseline with a 1.0-T dedi-
cated extremity unit (ONI MSK Ex-
treme; GE Healthcare, Waukesha,
Wis) with a circumferential extremity
coil using fat-suppressed fast spin-echo
proton density-weighted sequences in
two planes, sagittal (repetition time
msec/echo time msec, 4800/35; section
thickness, 3 mm; intersection gap, O
mm; number of sections, 32; matrix,

288 X 192; number of signals acquired,
two; field of view, 140 X 140 mm; echo
train length, eight) and axial (4680/13;
section thickness, 3 mm; intersection
gap, 0 mm; number of sections, 20;
matrix, 288 X 192; number of signals
acquired, two; field of view, 140 X 140
mm; echo train length, eight), and a
short-tau inversion-recovery (STIR)
sequence in the coronal plane (repeti-
tion time msec/echo time msec/inver-
sion time msec, 6650/15/100; section
thickness, 3 mm; intersection gap, O
mm; number of sections, 28; matrix,
256 X 192; number of signals acquired,
two; field of view, 140 X 140 mm; echo
train length, eight). Examinations were
performed at the University of Alabama
at Birmingham and at the University of
lowa at lowa City by using the same MR
unit.

MR Image Interpretation

Two musculoskeletal radiologists
(F-W.R. and A.G., with 7 and 9 years
of experience, respectively, in stan-
dardized semiquantitative MR imaging
assessment of knee OA), who were
blinded to radiographically determined
OA grade and clinical data, indepen-
dently graded meniscal and tibiofemo-
ral cartilage status according to the
Whole-Organ  Magnetic  Resonance
Imaging Score (WORMS) system (39).
A recent study showed that WORMS
assessment with use of a 1.0-T dedi-
cated extremity MR system is possi-
ble with a moderate to high degree of
agreement and accuracy compared with
WORMS assessment performed with
a 1.5-T large-bore MR unit (40). The
presence of motion artifacts or field
inhomogeneity on MR images in some
knees did not allow the assessment of
features such as meniscal morphologic
characteristics and extrusion in one of
the tibiofemoral compartments of the
knee, and those menisci were excluded.
The anterior horn, body, and posterior
horn of the medial and lateral menisci
were evaluated separately, and findings
were assigned grades (grade 0, intact;
grade 1, minor radial tear or parrot-
beak tear; grade 2, nondisplaced
tears including horizontal and vertical
tears or prior surgical repair; grade 3,
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displaced tears including displaced flap
tears and bucket-handle tears, or par-
tial resection or maceration; and grade
4, complete maceration or destruction
or complete resection). A meniscal tear
was designated only when an abnormal
meniscal signal intensity touched the
articular surface of the meniscus on
at least two consecutive sections (31).
The presence of meniscal root tears,
which is not evaluated in the WORMS
system, was assessed in both menisci
of all knees included in our study sam-
ple by a trained musculoskeletal radiol-
ogy fellow (M.J.), by using the coronal
STIR images. Meniscal root tears were
assessed as present or absent.

Cartilage morphologic characteris-
tics and signal were scored semiquanti-
tatively from zero to six in each of the
five subregions in the medial and lateral
tibiofemoral compartments (grade O,
normal thickness and signal; grade 1,
normal thickness but increased signal
on proton density—weighted or STIR im-
ages; grade 2.0, partial-thickness focal
defect < 1 cm in greatest width; grade
2.5, full-thickness focal defect <1 cm in
greatest width; grade 3, multiple areas
of partial-thickness defects intermixed
with areas of normal thickness, or a
grade 2.0 defect wider than 1 cm but
< 75% of the region; grade 4, diffuse
[= 75% of the region| partial-thickness
loss; grade 5, multiple areas of full-thick-
ness loss or a grade 2.5 lesion wider
than 1 em but < 75% of the region; and
grade 6, diffuse [= 75% of the region|
full-thickness loss). Knee effusion was
scored semiquantitatively from zero to
three in terms of maximal distention
of the synovial cavity: score 0, absence
of effusion; score 1, less than 33% of
maximal potential distention; score 2,
33%-66% of maximum potential disten-
tion; and score 3, greater than 66% of
maximal potential distention.

Extrusion of the medial and lateral
meniscal body was assessed by using
coronal STIR images. The reference
section for extrusion assessment in all
knees is the one where the medial tib-
ial spine has the greatest volume (2,9).
The edge of the tibial plateaus (exclud-
ing osteophytes) was used as the ref-
erence for measuring extrusion of the

Figure 1

Figure 1:  Coronal STIR image used for the as-
sessment of medial and lateral meniscal extrusion.
The section of reference is the one where the
medial tibial spine (arrow) is seen with its greatest
volume. Vertical lines passing by the outer edge of
medial (V) and lateral (L) tibial plateaus, excluding
osteophytes, are used as reference to assess
extrusion of the body of the meniscus. No extrusion
is seen on this image (grade 0).

body of both menisci (Fig 1). Medial
and lateral meniscal extrusion was as-
signed grade 0-2 (grade O, no extru-
sion; grade 1, extrusion =< 50% of the
body; grade 2, extrusion > 50% of the
body [Fig 2]).

The weighted «k coefficients of in-
terobserver reliability (30 knees ran-
domly selected and images obtained in
those knees read by both readers) were
0.80 for meniscal morphologic charac-
teristics, 0.65 for meniscal extrusion,
and 0.78 for cartilage morphologic
characteristics.

Statistical Analysis

Prevalent meniscal extrusion was de-
fined as grade 1 or higher. Prevalent
meniscal damage was defined as grade
1 or higher. To evaluate whether menis-
cal pathologic findings as classified with
the WORMS (grades 1-3) is associated
with meniscal extrusion, only the maxi-
mum of the meniscal regions (anterior,
body, and posterior) was considered
for the analysis (eg, anterior, grade
1; body, grade 2; posterior, grade 1;
overall score for the whole meniscus,

Figure 2

Figure 2:  Coronal STIR image shows a grade 2
extrusion of the body of the medial meniscus.

A single horizontally oriented oblique tear is depicted
in the body of the medial meniscus (arrow). Note
areas of cartilage damage in the medial tibiofemoral
compartment (arrowheads).Vertical line = reference
line for measuring extrusion in the coronal plane.

grade 2). Grade 4 menisci were ex-
cluded from the analysis, as they repre-
sent complete maceration or complete
resection of the meniscus, and mea-
surement of extrusion is not possible.
Tibiofemoral cartilage damage was de-
fined as grade 2 or higher in any of its
five medial or lateral subregions. Ab-
normal intrasubstance cartilage signal
with normal cartilaginous morphologic
characteristics (grade 1) was not con-
sidered cartilage damage, as it demon-
strates limited sensitivity for cartilag-
inous pathologic findings in the knee,
by using arthroscopy as the reference
standard (41,42). To evaluate whether
tibiofemoral cartilage status is associ-
ated with meniscal extrusion, only the
maximum of each medial or lateral tib-
iofemoral subregion was considered for
the analysis. The presence of knee effu-
sion was defined as grade 1 or higher.
Medial and lateral meniscal extru-
sion was considered the outcome. Fac-
tors considered for association with
medial meniscal extrusion were me-
dial meniscal damage (including both
WORMS and meniscal root tears),
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Table 1

Associations between Medial Meniscal Tears and Medial Meniscal Extrusion

Prevalent Extrusion*

Absence at Baseline,

Presence at Baseline,

Meniscal Tear Score 0 Score = 1 Adjusted OR'
Absence of meniscal tear 1004 (47.4) 395 (18.6) 1.0 (reference)
at baseline, score 0
Presence of any meniscal tear 176 (8.3) 541 (25.6) 6.3 (5.0, 8.0)
at baseline, score = 1*
Extent of meniscal tear*
Grade 1 41(1.9) 59 (2.8) 3.6(2.3,5.7)8
Grade 2 90 (4.2) 195(9.2) 4.6 (3.5,6.2)8
Grade 3 45 (2.1) 287 (13.6) 12.7 (8.8,18.3)%
Root tear 3(0.1) 51 (2.4) 10.2 (3.0, 34.1)

* Numbers in parentheses are percentages.

T All main effects (meniscal damage including root tears, tibiofemoral cartilage damage, knee malalignment, knee effusion, BMI)
and covariates (age and sex) were simultaneously entered into the model.

* Three missing values.

S A significant difference was defined as one with P < .05. Numbers in parentheses are 95% Cls.

medial tibiofemoral cartilage damage,
knee effusion, and varus alignment.
Factors considered for association with
lateral meniscal extrusion were lateral
meniscal damage (WORMS only), lat-
eral tibiofemoral cartilage damage, knee
effusion, and valgus alignment. Because
only three root tears were found in
the lateral meniscus, we were not able
to test their association with meniscal
extrusion, nor could we include them
in models for adjustment. Reference
groups for analyses were: normal me-
niscus (grade 0); absence of compart-
mental cartilage defect (grades 0 and
1); absence of knee effusion, neutral
and valgus alignment (medial meniscus);
and neutral and varus alignment (lateral
meniscus).

Cross-sectional associations were
performed by using logistic regression
with generalized estimating equations
to account for correlations among the
subregions within a knee (using one
knee per person) with multiadjustments
performed when testing each predictor.
The effect of baseline BMI on meniscal
extrusion was also tested by using logis-
tic regression, with baseline BMI used as
a continuous variable (odds ratios [ORs]
were based on one unit increase in base-
line BMI). All main effects (meniscal
damage, tibiofemoral cartilage damage,

knee malalignment, BMI) and covariates
(age and sex) were simultaneously en-
tered into the model. All statistical cal-
culations were performed by using soft-
ware (SAS, version 9.1 for Windows;
SAS Institute; Cary, NC).

Participants’ Characteristics

A total of 2131 knees (2116 medial and
2106 lateral menisci) were included. The
subjects’” mean age was 62.3 years *
8.0 (standard deviation), with a mean
BMI of 30.1 kg/m? + 5.0 and a range of
18.0-55.8 kg/m?. Also, of the subjects (n
= 1527), 61.5% (n = 939) were women,
and 38.5% (n = 388) were men. In ad-
dition, 36.5% had tibiofemoral radio-
graphic OA (Kellgren-Lawrence grade
= 2) at baseline (n = 557). Further, in
1326 (62.2%) knees, effusion was de-
tected at baseline, and of this number of
knees, the Kellgren-Lawrence grade was
as follows: 926 (69.8%) knees, grade
1; 337 (25.4%) knees, grade 2; and 63
(4.8%) knees, grade 3.

Medial Compartment

Medially, 16 menisci were excluded,
as they were not assessable, mainly
because of motion artifacts or field

inhomogeneity at baseline that did not
allow scoring of the features evaluated
(meniscal tears and extrusion). Also,
two medial menisci were excluded, as
they were grade 4 (complete macera-
tion or resection).

Prevalent extrusion was found in
936 (44.2%) medial menisci, prevalent
tears (WORMS grades 1-3) were found
in 717 (33.9%) medial menisci, preva-
lent root tears were found in 54 (2.6%)
medial menisci, prevalent cartilage
damage was found in 1334 (63.0%) me-
dial compartments, and prevalent varus
alignment was found in 961 (45.1%)
knees. Among the 936 medial menisci
that exhibited extrusion, 541 (57.8%)
had concomitant tears (WORMS grade
= 1); of these tears, 51 (5.4%) were
root tears. Prevalent medial meniscal
tears showed a strong association with
prevalent medial meniscal extrusion,
with an OR of 6.3 (95% confidence in-
terval [CI]: 5.0, 8.0; P < .0001). High-
er WORMS grades of medial meniscal
tears had stronger associations with
extrusion in the medial meniscus (P
value for trend, < .0001) (Table 1).
Root tears were strongly associated
with prevalent medial meniscal extru-
sion, with an OR of 10.2 (95% CI: 3.0,
31.4; P =.0002) (Table 1).

The associations of prevalent me-
dial tibiofemoral cartilage, prevalent
malalignment, and prevalent
effusion with medial meniscal extru-
sion are shown in Table 2. Prevalent
medial tibiofemoral cartilage damage
showed a significant association with
medial meniscal extrusion, with an OR
of 1.8 (95% CI: 1.4, 2.2; P = .0001).
Considering different extents of medial
cartilage damage, we found that focal
cartilage defects (WORMS grades 2
and 2.5 combined) were not signifi-
cantly associated with medial meniscal
extrusion. Medial compartments with
areas of partial-thickness cartilage loss
(WORMS grades 3 and 4 combined),
as well as compartments with areas of
full-thickness cartilage loss (WORMS
grades 5 and 6 combined), were signif-
icantly associated with medial meniscal
extrusion (ORs of 1.7 [95% CI: 1.3,
2.1; P =.0002] and 3.2 [95% CI: 2.4,
4.4; P < .0001]), respectively.

varus

498

radiology.rsna.org = Radiology: \olume 264: Number 2—August 2012



Radiology

MUSCULOSKELETAL IMAGING: Factors Associated with Meniscal Extrusion in Osteoarthritis

Crema et al

Prevalent varus alignment demon-
strated a significant association with
prevalent medial meniscal extrusion,
with an OR of 1.3 (95% CI: 1.1, 1.7;
P = .005). No significant association
was found between BMI and meniscal
extrusion, nor between knee effusion
and meniscal extrusion in the medial
compartment.

Lateral Compartment

Laterally, 15 menisci were excluded,
as they were not assessable, mainly
because of motion artifacts or field in-
homogeneity at baseline that did not
allow scoring of the features evaluated
(meniscal tears and extrusion). Also,
14 lateral menisci were excluded, as
they were grade 4 (complete macera-
tion or resection).

Prevalent extrusion was found in 199
(9.4%) lateral menisci, prevalent tears
(WORMS grades 1-3) were found in
214 (10.2%) lateral menisci, prevalent
root tears were found in three (0.1%)
lateral menisci, prevalent cartilage dam-
age was found in 932 (44.3%) lateral
compartments, and prevalent valgus
alignment was found in 319 (15.0%)
knees. Among the 199 lateral menisci
that exhibited extrusion, 102 (51.3%)
had concomitant tears (WORMS grade
= 1); of these tears, two (2.0%) were
root tears. Prevalent lateral meniscal
tears showed a strong association with
prevalent lateral meniscal extrusion,
with an OR of 10.3 (95% CI: 7.1, 14.9;
P < .0001). Higher WORMS grades of
lateral meniscal tears had stronger as-
sociations with extrusion in the lateral
meniscus (P value for trend, < .0001)
(Table 3).

The associations of prevalent lat-
eral tibiofemoral cartilage, prevalent
valgus malalignment, and prevalent
effusion with lateral meniscal extru-
sion are shown in Table 4. Prevalent
lateral tibiofemoral cartilage damage
showed a significant association with
lateral meniscal extrusion, with an OR
of 2.0 (95% CI: 1.3, 2.9; P = .0005).
Considering different extents of lateral
cartilage damage, we found that focal
cartilage defects (WORMS grades 2
and 2.5 combined) were not signifi-
cantly associated with lateral meniscal

Associations of Varus Malalignment, Medial Tibiofemoral Cartilage Damage,
and Knee Effusion with Medial Meniscal Extrusion

Prevalent Extrusion*

Absence at Baseline,

Presence at Baseline,

Factors Score 0 Score = 1 Adjusted OR'
Alignment*
Neutral and valgus malalignment 722 (34.1) 415 (19.6) 1.0 (reference)
Varus malalignment 452 (21.3) 511 (24.1) 1.3(1.1,1.7)8
Medial tibiofemoral cartilage damage"
Absence at baseline, grades 0 and 1 576 (27.2) 204 (9.6) 1.0 (reference)
Presence at baseline, grade = 2 604 (28.5) 730 (34.5) 1.8(1.4,2.2)8
Knee effusion*
Absence at baseline, grade 0 492 (23.3) 311 (14.7) 1.0 (reference)
Presence at baseline, grade = 1 687 (32.5) 625 (29.5) 1.0(0.8,1.2)

* Numbers in parentheses are percentages.

T All main effects (meniscal damage including root tears, tibiofemoral cartilage damage, knee malalignment, knee effusion, BMI)
and covariates (age and sex) were simultaneously entered into the model. Numbers in parentheses are 95% Cls.

* Nineteen missing values.

§ A significant difference was defined as one with P < .05. Numbers in parentheses are 95% Cls.

I Five missing values.
# One missing value.

Associations between Lateral Meniscal Tears and Lateral Meniscal Extrusion

Prevalent Lateral Extrusion*

Absence at Baseline,

Presence at Baseline,

Meniscal Tear Score 0 Score = 1 Adjusted ORT
Absence of meniscal tear 1795 (85.2) 97 (4.6) 1.0 (reference)
at baseline, score 0
Presence of any meniscal tear 112 (5.3) 102 (4.8) 10.3 (7.1,14.9)8
at baseline, score = 1*
Extent of meniscal tear*
Grade 1 29(1.4) 7(0.3) 3.1(1.3,7.4)8
Grade 2 55 (2.6) 34(1.6) 8.2 (4.9,13.6)
Grade 3 28 (1.3) 61(2.9) 22.1(12.8,38.1)8

* Numbers in parentheses are percentages.

T All main effects (meniscal damage, tibiofemoral cartilage damage, knee malalignment, knee effusion, BMI) and covariates

(age and sex) were simultaneously entered into the model.
*Two missing values.

§ A significant difference was defined as one with P < .05. Numbers in parentheses are 95% Cls.

extrusion. Lateral compartments with
areas of partial-thickness cartilage loss
(WORMS grades 3 and 4 combined),
as well as compartments with areas of
full-thickness cartilage loss (WORMS
grades 5 and 6 combined), were signif-
icantly associated with lateral meniscal
extrusion (ORs of 1.7 [95% CI: 1.1,

2.7; P=.02] and 3.9 [95% CI: 2.4, 6.5;
P < .0001], respectively).

Prevalent valgus alignment demon-
strated a significant association with
prevalent lateral meniscal extrusion,
with an OR of 2.2 (95% CI: 1.5, 3.2;
P < .0001). No significant association
was found between BMI and meniscal
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Table 4

Associations of Valgus Malalignment, Lateral Tibiofemoral Cartilage Damage,
and Knee Effusion with Lateral Meniscal Extrusion

Prevalent Extrusion*

Absence at Baseline,

Presence at Baseline,

Factors Score 0 Score = 1 Adjusted OR'
Alignment*
Neutral and varus malalignment 1584 (75.1) 114 (5.4) 1.0 (reference)
Valgus malalignment 308 (14.6) 83(3.9) 2.2(1.5,3.2)8
Lateral tibiofemoral cartilage damage"
Absence at baseline, grades0and 1~ 1123 (53.3) 50 (2.4) 1.0 (reference)
Presence at baseline, grade = 2 783 (37.1) 149 (7.1) 2.0(1.3,2.98
Knee effusion*
Absence at baseline, grade 0 755 (35.8) 48 (2.3) 1.0 (reference)
Presence at baseline, grade = 1 1151 (54.7) 151 (7.2) 1.2(0.9,1.8)

* Numbers in parentheses are percentages.

Al main effects (meniscal damage, tibiofemoral cartilage damage, knee malalignment, knee effusion, BMI) and covariates (age
and sex) were simultaneously entered into the model. Numbers in parentheses are 95% Cls.

* Nineteen missing values.

§ A significant difference was defined as one with P < .05. Numbers in parentheses are 95% Cls.

' Five missing values.
# One missing value.

extrusion, nor between knee effusion
and meniscal extrusion in the lateral
compartment.

We assessed the association of several
factors, such as meniscal tears, tibio-
femoral cartilage damage, knee ma-
lalignment, knee effusion, and BMI,
with meniscal extrusion in the same
tibiofemoral compartment. We demon-
strated that meniscal tears are not the
only factors associated with meniscal
extrusion; other factors, such as tib-
iofemoral cartilage damage and knee
malalignment, are independently asso-
ciated with meniscal extrusion.

The relationship between meniscal
tears and meniscal extrusion has been
explored previously (22-26,30). The
intricately woven pattern of collagen
fibrils is responsible for the strength
of the meniscus, which maintains
its shape and structure when axially
loaded (43). Different types of menis-
cal tears may alter the circumferen-
tial extension of the meniscus that re-
sists radial displacement (also known

as hoop strain) when the meniscus is
axially loaded (44), which leads to ex-
trusion. In the literature, this effect
has been evaluated in relation to each
type separately (eg, horizontal, vertical,
radial, complex, degeneration), as well
as in various groups (eg, root tears vs
nonroot tears). However, many of these
studies did not adjust for other factors
that might be associated with meniscal
extrusion (22,23,30).

Our results showed strong and sig-
nificant associations between meniscal
damage of any degree of severity (as
classified with the WORMS) and menis-
cal extrusion in both compartments.
Also, we showed that all grades of se-
verity of meniscal pathologic findings
were independently associated with
meniscal extrusion, with higher grades
of meniscal tears having stronger asso-
ciations with meniscal extrusion in both
compartments. Also, we demonstrated
that root tears were strongly associated
with meniscal extrusion in the medial
compartment, even after adjusting for
all the other covariates, including other
grades of meniscal damage. However,
grade 3 meniscal lesions, representing

displaced tears and partial meniscal
resection or maceration, demonstrated
the higher ORs for meniscal extrusion
compared with all factors evaluated in
this study.

Investigators in previous work have
attempted to demonstrate a relation-
ship between tibiofemoral chondral
lesions and meniscal extrusion. Lee
et al (24) assessed the association of
arthroscopy-depicted chondral lesions
and preoperative radiographic Kellgren-
Lawrence grade with meniscal extrusion
and found that only the Kellgren-Law-
rence grade was significantly related to
extrusion. However, a cross-sectional
MR imaging study conducted by Lerer
et al (25) showed a significant associ-
ation between moderate to severe MR
imaging-depicted medial compartment
articular cartilage damage and medial
meniscal extrusion. Further, Puig et al
(33) demonstrated that MR imaging—
depicted medial meniscal extrusion was
significantly correlated with chondral
lesions detected at arthroscopy in the
medial compartment. The researchers
in none of these studies attempted to
adjust results for other factors, es-
pecially concomitant meniscal tears
(25,33). In our study, tibiofemoral
cartilage damage was independently
associated with meniscal extrusion in
both tibiofemoral compartments. Fur-
thermore, the severity of cartilage dam-
age is independently associated with
meniscal extrusion, with higher grades
of cartilage damage having stronger
associations with meniscal extrusion
in both compartments. Only compart-
ments exhibiting focal cartilage defects
(WORMS grades 2 and 2.5 combined)
were not associated with meniscal ex-
trusion. We hypothesize that loss of
cartilage could narrow the tibiofemo-
ral space, squeezing the meniscus and
leading to extrusion. Also, cartilage
loss as part of OA might lead to a loss
of tissue that protects the tibiofemoral
compartment, increasing loading to the
adjacent meniscus and perhaps leading
to meniscal extrusion. However, the
cross-sectional nature of our study does
not allow the assumption that cartilage
damage is predictive of meniscal extru-
sion. Previous longitudinal works have
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demonstrated that meniscal extrusion
is an independent predictor of cartilage
loss in the tibiofemoral compartment
(2,4,8,9,13,15). Further longitudinal
studies would be necessary to test the
hypothesis that cartilage damage leads
to meniscal extrusion.

Knee malalignment is a known risk
factor for progression of knee OA (45).
In our study, we hypothesized that knee
malalignment could be an independent
factor associated with meniscal extru-
sion, as the malalignment could in-
crease the load transmitted to the me-
niscus, which could lead to extrusion.
We demonstrated that varus and valgus
alignment are independent factors as-
sociated with, respectively, medial and
lateral meniscal extrusion. This finding
supports the idea that malalignment
may have consequences beyond its di-
rect effects on articular cartilage (46)
and subchondral bone (47). However,
we cannot affirm that knee malalign-
ment precedes meniscal extrusion, as
alignment may also change as OA pro-
gresses and may itself be influenced by
structural changes in the knee, such as
meniscal extrusion (45).

We found no evidence of an in-
dependent association between the
presence of knee effusion and menis-
cal extrusion in our study sample. In a
previous study, Miller et al (34) demon-
strated that knee effusion is associated
with medial meniscal extrusion. The
authors hypothesized that distention
of the joint capsule, which is firmly at-
tached to the medial meniscus, medi-
ally would be responsible for meniscal
displacement. This would also explain
why they did not find a significant as-
sociation between knee effusion and
meniscal extrusion in the lateral com-
partment, because joint fluid tends to
collect in the lax and yielding meniscal-
capsular attachments. However, the re-
lationships demonstrated in their study
did not take into account all potential
factors that might lead to extrusion
(no adjustments were performed), so
we do not know whether knee effusion
is independently associated with me-
dial meniscal extrusion. In our study
sample, after adjusting for all covari-
ates considered, knee effusion was not

independently associated with meniscal
extrusion in either compartment. Of all
knees exhibiting effusion at baseline,
only 4.8% had grade 3 effusion (> 66%
of maximal potential distension), which
might help explain why effusion was
not associated with meniscal extrusion
in our study.

In our study, we found no evidence
of an independent association between
increasing BMI and meniscal extrusion.
We originally hypothesized that in-
creased BMI would be an independent
factor related to meniscal extrusion.
On the basis of our negative finding,
we now speculate that an increased
BMI modulates the effect of other con-
comitant risk factors, and without the
presence of other factors (eg, meniscal
tears, cartilage damage, and knee ma-
lalignment), BMI itself would have no
effect on meniscal position.

There were some limitations to
this study. First, MR images were ac-
quired with the subjects in a supine,
nonweight-bearing position, and the
measurements of meniscal extrusion
are likely to be an underestimation
of what would be expected in axially
loaded knees. It has been demonstrated
that meniscal position may vary under
loading conditions in both asymptom-
atic volunteers (48) and subjects with
knee OA (49). Ideally, the presence and
degree of meniscal extrusion should be
assessed with the knee bearing a full
load. However, in very large samples,
such as that in the MOST study with
more than 3000 subjects, it would be
difficult indeed to implement loading
conditions while performing MR imag-
ing of the knee. Further, we assessed
extrusion only in the body of the menis-
cus, and not at the anterior and poste-
rior horns. Second, the assessment of
associations was performed in persons
aged 50-79 years who had or were at
risk for knee OA, and it is possible that
our results may not be accurately ex-
trapolated to young, athletic individuals
who do not have or are not at risk for
knee OA. Third, the cross-sectional na-
ture of our study does not allow us to
affirm that the factors associated with
meniscal extrusion in this study actually
precede meniscal extrusion. However,

this study could show that meniscal
damage is independently associated
with cartilage damage and malalign-
ment, stressing the close interrelation
of all joint tissues involved in the OA
disease process. Further longitudinal
studies will have to show whether risk
factors for incident and progressive
meniscal extrusion can be identified.
Fourth, the WORMS system used in
this study allows evaluation of meniscal
pathologic findings according to sever-
ity and extension, but not type. How-
ever, to minimize this limitation, we
performed an additional assessment to
evaluate the presence of root tears in
our study sample, because this feature
is not evaluated separately in WORMS.
Finally, no additional method of assess-
ment, such as arthroscopy, was per-
formed to evaluate meniscal tears and
cartilage damage.

In conclusion, our results demon-
strated that, in persons who have or
are at risk for knee OA, meniscal tears
are not the only factors associated with
meniscal extrusion; other independent
factors include tibiofemoral cartilage
damage and knee malalignment. Also,
our results showed that the severity of
meniscal damage and the presence of
root tears are independently associ-
ated with meniscal extrusion. Meniscal
extrusion seems to be a result of the
complex interaction of the different
joint tissues and biomechanical loading
involved in the OA process.
Acknowledgments: We would like to thank all
staff at the Coordinating Center at the University
of California at San Francisco. We would also like
to thank all staff at the clinical sites in lowa and

Alabama. Finally, we would like to express our
thanks to all participants of the MOST study.

Disclosures of Potential Conflicts of Interest:
M.D.C. Financial activities related to the present
article: none to disclose. Financial activities not
related to the present article: is a shareholder of
Boston Imaging Core Lab. Other relationships:
none to disclose. EW.R. Financial activities re-
lated to the present article: none to disclose.
Financial activities not related to the present
article: is vice president and a shareholder of
Boston Imaging Core Lab. Other relationships:
none to disclose. D.T.F. Financial activities re-
lated to the present article: institution received
a grant from the National Institutes of Health.
Financial activities not related to the present ar-
ticle: none to disclose. Other relationships: none
to disclose. ML.E. Financial activities related to
the present article: institution received a grant

Radiology: \lolume 264: Number 2—August 2012 = radiology.rsna.org

501



Radiology

MUSCULOSKELETAL IMAGING: Factors Associated with Meniscal Extrusion in Osteoarthritis

Crema et al

from the Swedish Research Council. Financial
activities not related to the present article:
none to disclose. Other relationships: none to
disclose. K.W. No potential conflicts of interest
to disclose. M.J. No potential conflicts of inter-
est to disclose. M.C.N. Financial activities re-
lated to the present article: institution received
grants and support for travel to meetings for the
study or other purposes from the National In-
stitutes of Health, National Institute on Aging.
Financial activities not related to the present
article: institution has grants or grants pending
from the National Institutes of Health, National
Institute on Aging. Other relationships: none
to disclose. M.D.M. Financial activities related
to the present article: none to disclose. Finan-
cial activities not related to the present article:
is a shareholder of Boston Imaging Core Lab.
Other relationships: none to disclose. J.C.T. Fi-
nancial activities related to the present article:
institution received a grant; support for travel to
meetings for the study or other purposes; fees
for participation in review activities such as data
monitoring boards, statistical analysis, end point
committees, and the like; payment for writing
or reviewing the manuscript; and provision of
writing assistance, medicines, equipment, or ad-
ministrative support from the National Institutes
of Health . Financial activities not related to the
present article: received consultancy fees from
BHR Pharmaceuticals, Hope Pharmaceuticals,
and Actelion; institution received grants or has
grants pending from the National Institutes of
Health and the Communicable Disease Center.
Other relationships: none to disclose. C.E.L. Fi-
nancial activities related to the present article:
institution received a grant from the National In-
stitutes of Health. Financial activities not related
to the present article: none to disclose. Other
relationships: none to disclose. A.G. Financial
activities related to the present article: none to
disclose. Financial activities not related to the
present article: received consultancy fees from
Stryker, MerckSerono, Novartis, Genzyme, and
AstraZeneca; institution received grants or has
grants pending from GE Healthcare and Stryker;
is a shareholder of Boston Imaging Core Lab.
Other relationships: none to disclose.

References

1. Crema MD, Guermazi A, Li L, et al. The
association of prevalent medial meniscal
pathology with cartilage loss in the medial
tibiofemoral compartment over a 2-year pe-
riod. Osteoarthritis Cartilage 2010;18(3):
336-343.

2. Hunter DJ, Zhang YQ, Niu JB, et al. The
association of meniscal pathologic changes
with cartilage loss in symptomatic knee os-
teoarthritis. Arthritis Rheum 2006;54(3):
795-801.

3. Roos H, Laurén M, Adalberth T, Roos EM,
Jonsson K, Lohmander LS. Knee osteoar-
thritis after meniscectomy: prevalence of ra-
diographic changes after twenty-one years,
compared with matched controls. Arthritis
Rheum 1998;41(4):687-693.

10.

11.

12.

13.

14.

. Englund

. Berthiaume MJ, Raynauld JP, Martel-Pel-

letier J, et al. Meniscal tear and extrusion
are strongly associated with progression of
symptomatic knee osteoarthritis as assessed
by quantitative magnetic resonance imaging.

Ann Rheum Dis 2005;64(4):556-563.

. Englund M, Guermazi A, Roemer FW, et al.

Meniscal tear in knees without surgery and
the development of radiographic osteoar-
thritis among middle-aged and elderly per-
sons: the Multicenter Osteoarthritis Study.
Arthritis Rheum 2009;60(3):831-839.

. Englund M, Lohmander LS. Risk factors for

symptomatic knee osteoarthritis fifteen to
twenty-two years after meniscectomy. Ar-
thritis Rheum 2004;50(9):2811-2819.

M, Roos EM,
Impact of type of meniscal tear on radio-
graphic and symptomatic knee osteoarthri-

Lohmander LS.

tis: a sixteen-year followup of meniscectomy
with matched controls. Arthritis Rheum

2003;48(8):2178-2187.

. Madan-Sharma R, Kloppenburg M, Kor-

naat PR, et al. Do MRI features at baseline
predict radiographic joint space narrowing
in the medial compartment of the osteoar-
thritic knee 2 years later? Skeletal Radiol
2008;37(9):805-811.

. Roemer FW, Zhang Y, Niu J, et al. Tibio-

femoral joint osteoarthritis: risk factors
for MR-depicted fast cartilage loss over a
30-month period in the multicenter osteo-
arthritis study. Radiology 2009;252(3):772-
780.

Wang Y, Wluka AE, Pelletier JP, et al.
Meniscal extrusion predicts increases in
subchondral bone marrow lesions and bone
cysts and expansion of subchondral bone in
osteoarthritic knees. Rheumatology (Ox-
ford) 2010;49(5):997-1004.

Biswal S, Hastie T, Andriacchi TP, Bergman
GA, Dillingham MF, Lang P. Risk factors for
progressive cartilage loss in the knee: a lon-
gitudinal magnetic resonance imaging study
in forty-three patients. Arthritis Rheum

2002;46(11):2884-2892.

Lo GH, Hunter DJ, Nevitt M, Lynch J,
McAlindon TE; OAI Investigators Group.
Strong association of MRI meniscal de-
rangement and bone marrow lesions in
knee osteoarthritis:
arthritis initiative. Osteoarthritis Cartilage
2009;17(6):743-747.

Lynch JA, Javaid MK, Roemer FW, et al.
Associations of medial meniscal tear and ex-

data from the osteo-

trusion with the sites of cartilage loss in the
knee: results from the MOST study [abstr].
Arthritis Rheum 2008;58:5235-S236.

Sharma L, Eckstein F, Song J, et al. Relation-
ship of meniscal damage, meniscal extrusion,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

malalignment, and joint laxity to subsequent
cartilage loss in osteoarthritic knees. Arthri-
tis Rheum 2008;58(6):1716-1726.

Ding C, Martel-Pelletier J, Pelletier JP, et al.
Knee meniscal extrusion in a largely non-os-
teoarthritic cohort: association with greater
loss of cartilage volume. Arthritis Res Ther
2007;9(2):R21.

Englund M, Guermazi A, Roemer FW, et
al. Meniscal pathology on MRI increases
the risk for both incident and enlarging
subchondral bone marrow lesions of the
knee: the MOST study. Ann Rheum Dis
2010;69(10):1796-1802.

Englund M, Guermazi A, Gale D, et al. In-
cidental meniscal findings on knee MRI in

middle-aged and elderly persons. N Engl J
Med 2008;359(11):1108-1115.

Guermazi A, Hunter DJ, Roemer FW, et al.
Magnetic resonance imaging prevalence of
different features of knee osteoarthritis in
persons with normal knee x-rays [abstr|.
Arthritis Rheum 2007;56:S128.

Bhattacharyya T, Gale D, Dewire P, et al.
The clinical importance of meniscal tears
demonstrated by magnetic resonance im-
aging in osteoarthritis of the knee. J Bone
Joint Surg Am 2003;85-A(1):4-9.

Seedhom BB, Dowson D, Wright V. Proceed-
ings: Functions of the menisci—a prelimi-
nary study. Ann Rheum Dis 1974;33(1):111.

Walker PS, Erkman MJ. The role of the me-
nisci in force transmission across the knee.
Clin Orthop Relat Res 1975 (109):184-192.

Brody JM, Lin HM, Hulstyn MJ, Tung GA.
Lateral meniscus root tear and meniscus ex-
trusion with anterior cruciate ligament tear.
Radiology 2006;239(3):805-810.

Costa CR, Morrison WB, Carrino JA. Me-
dial meniscus extrusion on knee MRI: is
extent associated with severity of degenera-
tion or type of tear? AJR Am J Roentgenol
2004;183(1):17-23.

Lee DH, Lee BS, Kim JM, et al. Predictors
of degenerative medial meniscus extrusion:
radial component and knee osteoarthri-
tis. Knee Surg Sports Traumatol Arthrosc
2011;19(2):222-229.

Lerer DB, Umans HR, Hu MX, Jones
MH. The role of meniscal root pathology
and radial meniscal tear in medial menis-
cal extrusion. Skeletal Radiol 2004;33(10):
569-574.

Rennie WJ, Finlay DB. Meniscal extru-
sion in young athletes: associated knee

joint abnormalities. AJR Am J Roentgenol

2006;186(3):791-794.

Magee T. MR findings of meniscal extrusion
correlated with arthroscopy. J Magn Reson
Imaging 2008;28(2):466-470.

502

radiology.rsna.org = Radiology: \olume 264: Number 2—August 2012



Radiology

MUSCULOSKELETAL IMAGING: Factors Associated with Meniscal Extrusion in Osteoarthritis

Crema et al

28.

29.

30.

31.

32.

33.

34.

35.

Choi CJ, Choi YJ, Lee JJ, Choi CH. Mag-
netic resonance imaging evidence of menis-
cal extrusion in medial meniscus poste-
rior root tear. Arthroscopy 2010;26(12):
1602-1606.

Robertson DD, Armfield DR, Towers JD, Ir-
rgang JJ, Maloney WJ, Harner CD. Menis-
cal root injury and spontaneous osteonecro-
sis of the knee: an observation. J Bone Joint
Surg Br 2009;91(2):190-195.

Allen DM, Ling L, Crema MD, et al. The
relationship between meniscal tears and
meniscal position. Ther Adv Musculoskel
Dis 2010;2(6):315-323.

De Smet AA, Tuite MJ. Use of the “two-
slice-touch” rule for the MRI diagnosis
of meniscal tears. AJR Am J Roentgenol

2006;187(4):911-914.

Tarhan NC, Chung CB, Mohana-Borges AV,
Hughes T, Resnick D. Meniscal tears: role
of axial MRI alone and in combination with
other imaging planes. AJR Am J Roentgenol
2004;183(1):9-15.

Puig L, Monllau JC, Corrales M, Pelfort X,
Melendo E, Céceres E. Factors affecting
meniscal extrusion: correlation with MRI,
clinical, and arthroscopic findings. Knee
Surg Sports Traumatol Arthrosc 2006;14(4):
394-398.

Miller TT, Staron RB, Feldman F, Cepel E.
Meniscal position on routine MR imaging
of the knee. Skeletal Radiol 1997;26(7):
424-427.

Karlson EW, Sanchez-Guerrero J, Wright
EA, et al. A connective tissue disease screen-

36.

37.

38.

39.

40.

41.

42.

ing questionnaire for population studies.
Ann Epidemiol 1995;5(4):297-302.

Felson DT, Niu J, Guermazi A, et al. Corre-
lation of the development of knee pain with
enlarging bone marrow lesions on mag-
netic resonance imaging. Arthritis Rheum
2007;56(9):2986-2992.

Peterfy C, Lynch J, Miaux Y, et al. Non-
fluoroscopic method for flexed radiography
of the knee that allows reproducible joint-
space width measurement [abstr]. Arthritis
Rheum 1998;41:S361.

Kellgren JH, Lawrence JS. Radiological as-
sessment of osteo-arthrosis. Ann Rheum

Dis 1957;16(4):494-502.

Peterfy CG, Guermazi A, Zaim S, et al.
Whole-Organ Magnetic Resonance Imaging
Score (WORMS) of the knee in osteoar-
thritis. Osteoarthritis Cartilage 2004;12(3):
177-190.

Roemer FW, Lynch JA, Niu J, et al. A com-
parison of dedicated 1.0 T extremity MRI vs
large-bore 1.5 T MRI for semiquantitative
whole organ assessment of osteoarthritis:
the MOST study. Osteoarthritis Cartilage
2010;18(2):168-174.

Kijowski R, Blankenbaker DG, Davis KW,
Shinki K, Kaplan LD, De Smet AA. Com-
parison of 1.5- and 3.0-T MR imaging for
evaluating the articular cartilage of the knee
joint. Radiology 2009;250(3):839-848.

Kijowski R, Davis KW, Woods MA, et al.
Knee joint: comprehensive assessment with
3D isotropic resolution fast spin-echo MR
imaging—diagnostic performance compared

43.

44,

45.

46.

47.

48.

49.

with that of conventional MR imaging at 3.0
T. Radiology 2009;252(2):486-495.

Bullough PG, Munuera L, Murphy J, Wein-
stein AM. The strength of the menisci of the
knee as it relates to their fine structure. J
Bone Joint Surg Br 1970;52(3):564-567.

Jones RS, Keene GC, Learmonth DJ, et al.
Direct measurement of hoop strains in the
intact and torn human medial meniscus.
Clin Biomech (Bristol, Avon) 1996;11(5):295-
300.

Hunter DJ, Sharma L, Skaife T. Alignment
and osteoarthritis of the knee. J Bone Joint
Surg Am 2009;91 (suppl 1):85-89.

Eckstein F, Wirth W, Hudelmaier M, et al.
Patterns of femorotibial cartilage loss in knees
with neutral, varus, and valgus alignment.
Arthritis Rheum 2008;59(11):1563-1570.

Neogi T, Nevitt MC, Niu J, et al. Sub-
chondral bone attrition may be a reflec-
tion of compartment-specific mechanical
load: the MOST Study. Ann Rheum Dis
2010;69(5):841-844.

Boxheimer L, Lutz AM, Treiber K, et al.
MR imaging of the knee: position related
changes of the menisci in asymptomatic vol-
unteers. Invest Radiol 2004;39(5):254-263.

Stehling C, Souza RB, Graverand MP, et al.
Loading of the knee during 3.0T MRI is as-
sociated with significantly increased medial
meniscus extrusion in mild and moderate
osteoarthritis. Eur J Radiol http://dx.doi
.0rg/10.1016/j.ejrad.2011.05.027. Published
June 17, 2011. Accessed 2011.

Radiology: \/olume 264: Number 2—August 2012 = radiology.rsna.org

503





