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Abstract

Objective—Medial meniscal extrusion is known to be related to structural progression of knee
OA. However, it is unclear whether medial meniscal extrusion is more strongly associated with
cartilage loss in certain medial femorotibial subregions than to others.

Methods—Segmentation of the medial tibial and femoral cartilage (baseline; 1-year follow-up)
and the medial meniscus (baseline) was performed in 60 participants with frequent knee pain (age
61.3+9.2y, BMI 31.3+3.9 kg/m?) and with unilateral medial radiographic joint space narrowing
(JSN) grade 1-3, using double echo steady state MR-images. Medial meniscal extrusion distance
and extrusion area (%) between the external meniscal and tibial margin at baseline, and
longitudinal medial cartilage loss in eight anatomical subregions were determined.

Results—A significant association (Pearson correlation coefficient) was seen between medial
meniscus extrusion area in JSN knees and cartilage loss over one year throughout the entire medial
femorotibial compartment. The strongest correlation was with cartilage loss in the external medial
tibia (r=-0.34 [p<0.01] in JSN, and r=-0.30 [p=0.02] in noJSN knees).

Conclusion—Medial meniscus extrusion was associated with subsequent medial cartilage loss.
The external medial tibial cartilage may be particularly vulnerable to thinning once the meniscus
extrudes and its surface is “exposed” to direct, non-physiological, cartilage-cartilage contact.
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Introduction

Methods

The menisci play an important role in the mechanical protection of knee cartilage, enabling
consistent force transmission across the incongruous femorotibial joint (1-3), and keeping
the mechanical stress on cartilage and subchondral bone within reasonable limits (2-5).
Meniscal damage is known to be associated with meniscal extrusion (6-8,8,9), because loss
of matrix integrity may reduce radial stiffness, cause an external shift of the meniscus
(extrusion), and prevent the meniscus from taking up hoop stresses during load transmission.
Extrusion reduces mechanical protection of the knee cartilage by the meniscus, and hence is
a risk factor for incident knee osteoarthritis (OA) (5), structural progression of OA (5,10-12)
and knee symptoms (13,14).

Previous studies have reported semi-quantitative measures of meniscal extrusion to be
associated with subsequent cartilage loss in the medial femorotibial compartment (15,16),
and quantitative (two-dimensional) measures of extrusion (in one image slice) and meniscal
lesions to be related to semi-quantitative estimates of cartilage loss (i.e. longitudinal increase
in cartilage lesions) (17). However, it is currently unclear whether medial meniscal extrusion
is more strongly associated to cartilage loss in certain femorotibial subregions than to others.
We hence used technology for MRI-based measurement of subregional femorotibial
cartilage thickness loss (18) and for quantitatively measuring meniscal position (relative to
the tibial surface) and size three-dimensionally (19). To study the relationship between
meniscus extrusion and the subregional pattern of femorotibial cartilage loss, we relied on a
sample of overweight patients with frequent knee pain, one knee with radiographic joint
space narrowing (JSN) and the other knee without (20,21). Such patients would typically be
seen by a doctor in context of knee pain, and are typically included in clinical trials studying
the effect of disease modifying OA drugs (DMOADs) (20,21). Specifically, we
hypothesized that medial meniscal extrusion is more strongly associated with cartilage loss
in medial femorotibial subregions physiologically covered by the meniscus, i.e. the external
aspect of the medial tibia, rather than in those that are not covered and in which cartilage-
cartilage contact occurs under normal conditions, i.e. central medial tibia.

Study participants

The subsample studied here has been described previously (20-22) and was drawn from the
first half (n=2678) of the OA Initiative (OAI) cohort (baseline clinical data 0.2.1; http://
www.oai.ucsf.edu/datarelease/) (23). The OAl is a longitudinal multi-center, cohort study,
and participants were between 45 and 79 years old (24). General exclusion criteria of the
OAI were rheumatoid or other inflammatory arthritis, bilateral end stage knee OA, inability
to walk without aids, and MRI contraindications. Informed consent was obtained from all
participants and the study approved by the local ethics committees (24). MR images were
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acquired annually in the participants over 4 years, using 3 Tesla Magnetom Trio magnets
(Siemens Erlangen, Germany) and quadrature transmit-receive knee coils (USA Instruments,
Aurora, OH) (24-26).

The sample studied here was originally selected to compare cartilage thickness loss and loss
of radiographic joint space width (JSW) between knees of persons with unilateral medial
radiographic joint space narrowing (mJSN) (20,21). Specific inclusion criteria for this
subsample were a body mass index (BMI) >25 kg/m?, frequent pain in both knees (most
days in at least one month of the past 12 months), mJSN OARSI grades 1-3 in one knee,
and no medial or lateral JSN in the contra-lateral knee (20-22). Subsequently we showed
that medial tibial coverage by the medial meniscus was substantially less in knees with
mJSN than in contra-lateral noJSN knees in the same person (22).

Quantitative analysis of meniscal position

Baseline coronal multi-planar reconstructions of the sagittal double echo steady state
sequence with water excitation (DESSwe) were used for manual segmentation of the
meniscus (reconstructed slice thickness=1.5mm, in-plane resolution 0.37mm x0.7mm,
interpolated to 0.37mm), because the extrusion in medial/lateral direction cannot be
accurately assessed in sagittal MRI. The software used (Chondrometrics GmbH, Ainring,
Germany) (19) and the specific segmentation approach have been described previously
(27,28). Manual segmentation of the medial tibial and weight-bearing femoral plateau area,
and of the medial meniscus surfaces (Fig. 1a) were performed by a single, experienced
reader (K.B.), starting anteriorly and ending posteriorly in the first/last image in which the
tibial cartilage could be identified. Internally (towards the center of the tibia), the border of
the meniscus was defined by the internal margin of the cartilage surface of the medial tibia,
because of the continuity of the meniscus with the transverse and menisco-femoral
ligaments. Meniscus segmentation and morphometry from DESS images has previously
been shown to yield high intra-observer reproducibility [14, 28] and acceptable inter-
observer reliability and good agreement with measurements from clinical sequences (29),
and quantitative measures of meniscal extrusion derived from the DESS was strongly
associated with semi-quantitative scores of meniscal extrusion at corresponding locations
(30). From various measures available (19,31), we selected the two-dimensional extrusion
distance of the meniscus (i.e. the distance by which it exceeds the margin of the medial tibial
cartilage) in a central slice of the medial tibia, and in a slice located 6mm posterior to the
center. The latter was chosen because it is the location where semi-quantitative extrusion
scores (e.g. MOAKS) are commonly evaluated (32). We further determined extrusion as the
relative (percent) area of the meniscus surface extruding the medial tibial plateau medially
(Fig.2a). Finally, we determined the width of the entire medial meniscus (the distance
between the medial and lateral margin), because this measure was previously shown to be as
strongly associated with tibial plateau coverage as meniscal extrusion (30). (Fig.2b)

Quantitative analysis of subregional femorotibial cartilage loss

The sagittal DESSwe sequence was used to determine medial femorotibial cartilage
thickness as described previously (20). Paired baseline and one-year follow-up images were
read by 7 experienced readers with formal training and more than 5 years of experience with
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cartilage segmentation, with blinding to acquisition order (20). (Fig.1b) After segmentation
of the medial tibial and weight-bearing femoral cartilage and quality control of the
segmentations by an expert, the cartilage loss was determined across 8 medial femorotibial
subregions (software from Chondrometrics GmbH, Ainring, Germany) (18). (Figs. 3) The
medial tibial (MT) cartilage was separated in 5 subregions (anterior (aMT), posterior (pMT),
central (cMT), external (eMT) and internal (iMT)) and the medial weight-bearing femur
(cMF) in 3 subregions (central (ccMF), external (ecMF) and internal (icMF)). These
subregional thickness measurements have previously shown to yield good test-retest
reproducibility (18) and to be sensitive to one year longitudinal change in knee OA (33).

Statistical analysis

Results

Mean values and standard deviations (SDs) were determined for all meniscus and cartilage
thickness measures in knees with mJSN and in contra-lateral knees without JSN.
Longitudinal cartilage loss was measured as the difference between baseline and one year
follow-up. Pearson correlation coefficients and their 95% confidence intervals (95% CIs)
were computed between baseline meniscus measures and the subregional femorotibial
cartilage thickness change, to explore the strength of association between meniscus
extrusion and cartilage loss in various subregions. No formal adjustment for multiple
comparisons was performed; two-tailed p-values<0.01 were considered statistically
significant.

Partial correlation analyses were performed to study the impact of age and BMI on the
correlation between subregional cartlage loss and meniscus parameters. Further, stepwise
multiple regression models (forward mode) were used to explore whether covariates such as
age and BMI provided independent information to meniscus extrusion in the association
with cartilage loss.

Demographics

Of the 60 participants included, 22 were men and 38 women. Their mean age was
61.3+9.2years, the body height 1.66+0.1m, the body weight 86.6+£13.0kg, and the BMI
31.3+3.9kg/m2. Of the 60 mISN knees, 43 knees were mJSN grade 1, 14 mJSN grade 2, and
3 mJSN grade 3. No lateral JSN was present in any knee.

Meniscal extrusion

Medial meniscal extrusion in the central slice ranged from 9.9mm to —0.6mm in mJSN
knees with a mean of 3.4+2.0mm, and from 5.4mm to —0.75mm in noJSN knees with a
mean of 1.8+1.3mm; extrusion distances in the slice 6mm posterior to the center ranged
from 8.6mm to 0.15mm in JSN with a mean of 3.2+1.8mm, and from 4.5mm to —1.6mm in
noJSN knees with a mean of 1.3+1.4mm. The extrusion area of the medial meniscus was
16.3+7.8% in the noJSN knees and 29.3+£13.4% in mJSN knees: the values were
26.5+11.4% (range 5.5-62) in mJSN1, 35.1+11.2% (range 14-50) in mJSN2, and
42.2+32.6% (range 21-80) in mIJSN3 knees.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bloecker et al. Page 5

Subregional cartilage thickness loss

The baseline cartilage thickness in the medial subregions is shown in Table 1. Longitudinal
cartilage thickness loss (um) over 1 year was generally greater in mJSN than in noJSN knees
(Table 1); it was similar for the total tibia and femur, but was quite variable across the
subregions. The greatest rates of cartilage loss in mJSN and noJSN knees were observed in
the external and central medial tibia (eMT and cMT) and in the weight-bearing medial
femur (ccMF; Table 1). The rate of cartilage loss in eMT did not differ between men and
women in JSN knees (p=0.394; unpaired t-test). Also, no significant correlation was
observed between cartilage loss in eMT and age (r=0.089; 95% confidence interval [CI]
-0.169, 0.335), or eMT and BMI (r=-0.114; 95% confidence interval [CI] —0.358, 0.144).
Likewise, no significant relationship was observed between eMT cartilage loss and age,
BMI or sex in noJSN knees (data not shown). Partial correlations controlling for age and
BMI as covariates were slightly lower than the bivariate ones in the JSN knees and were
slightly greater than the bivariate ones in the noJSN knees, but the differences (difference
<0.06) were minimal. Further, stepwise regression models confirmed that age and BMI did
not provide additional information when combined with meniscus extrusion parameters as
factors associated with eMT cartilage loss.

Correlation of meniscal extrusion measures with cartilage loss

In the mJSN knees, negative correlations of the meniscal extrusion in the central slice were
observed with cartilage thickness change (a positive correlation between extrusion and
cartilage loss), with the relationship reaching statistical significance in the total medial
compartment, the external subregion of the medial tibia, and in the central subregion of the
weight-bearing femur (Table 2). The strongest correlation was observed for eMT, and that in
cMT was lower by comparison. For most subregions, the correlations between extrusion
measured in the slice 6mm posterior to the central one and cartilage loss were somewhat
weaker than those observed in the central slice (Table 2), whereas those for extrusion
measures of the entire meniscus (% area, Table 3) tended to be slightly stronger than those
for the central slice. In the noJSN knees, a statistically significant correlation of the meniscal
extrusion with cartilage loss was observed only for eMT, in the slice 6mm posterior to the
central one (Table 2), whereas that for cMT and other subregions was not significant. The
associations between meniscus width and cartilage loss were low and generally did not reach
statistical significance, except for the posterior medial tibia in the noJSN knees (Table 3).

Discussion

This is the first study to compare quantitative medial meniscal extrusion measures with
subsequent medial subregional femorotibial cartilage loss. We hypothesized that the
correlation between medial meniscal extrusion and medial femorotibial cartilage loss would
be strongest for the external aspect of the medial tibia, a region physiologically covered by
the meniscus and hence potentially more vulnerable to mechanical challenge when the
meniscus is extruded. Our results confirm the above hypothesis by showing that correlation
coefficients between cartilage loss and meniscal extrusion tended to be greater for eMT than
for other femorotibial subregions. Similar rates of cartilage loss were observed in the
adjacent cMT, which is not physiologically covered by the meniscus, but the correlation was

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bloecker et al.

Page 6

weaker. Further, the correlation was weaker in the external femur (ecMF) than in eMT,
potentially because contact of femoral cartilage with the meniscus is more variable with
different flexion angles, and femoral cartilage may hence be less dependent on meniscus
protection than tibial cartilage. Further, the rate of external femoral cartilage loss was
generally less than in eMT.

Our study confirms previous reports that medial meniscus position is an important predictor
of structural progression of medial femorotibial OA (15,16). It extends previous findings by
using a fully quantitative measurement technology of the meniscus (19,29,30), by exploring
it in mJSN and (contra-lateral) noJSN knees, and by studying cartilage loss at a subregional
level. Previous studies evaluated the relationship between various grades of meniscus
lesions/tears with (subregional) femorotibial cartilage loss (34,35). Crema et al. (34)
reported that cartilage loss in the total and external medial tibia was significantly increased
with Boston Leads Osteoarthritis Knee Score (BLOKS) (36) grade 3 medial meniscus
lesions, and that in the medial femoral condyle with grade 2 lesions. Cartilage loss at the
eMT was significantly related to tears of the posterior horn of the meniscus (34), which in
other studies was shown to be a cause of meniscus extrusion (7). Chang et al. (35) reported
that medial meniscal body tears were associated with cartilage loss in external, central and
anterior tibial subregions, and posterior horn tears specifically with posterior tibial subregion
loss, independent of tears in the other segments, and also after adjusting for meniscus
extrusion. Posterior horn tears were associated with cartilage loss in the underlying
subregion (pMT), but not after adjustment for extrusion (35). Cartilage loss in the internal
subregions, not covered by the menisci, was not associated with meniscal tears in any
segment. The authors concluded that detrimental effects of meniscal tears are not spatially
uniform across the tibial and femoral cartilage surfaces, and that some of the effect is
experienced locally (35). We previously reported meniscus lesions in the present sample
(31) and our results extend these findings by revealing that the relationship between
quantitative measures of meniscus extrusion with subregional quantitative cartilage loss is
greatest in the external medial tibia. Although no therapeutic options currently exist for
maintaining cartilage loss in specific subregions, it may be worth focusing on the external
tibial cartilage in knees with meniscus extrusion, once these become available.

In a cross-sectional study, Arno et al. generated computer models and measured the length
of meniscal contact and cartilage volume across fifty knees with different OA grades (37).
They suggested that cartilage loss initially occurred in regions of direct femorotibial
cartilage-cartilage contact, and to spread medially (i.e. to the external subregion) from there
when the meniscus showed greater degrees of extrusion (37). Given the cross-sectional
nature of their study, however, they were unable to make prospective claims and
differentiate cause and effect in the above relationships. Moodie et al. destabilized the
medial meniscus in skeletally mature male mice (38), resulting in extrusion of the meniscus;
they reported medial cartilage loss especially in the posterior part of the tibial plateau using
confocal scanning laser microscopy (CSLM) compared to control mice with a stable
meniscus. In our study, the correlation of meniscus extrusion with subsequent cartilage loss
in the posterior medial tibia was less than that with the external subregion, and was not
greater than for the other femoraotibial subregions. However, joint mechanics in the surgical
destabilization mouse model likely differ from that in humans.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bloecker et al.

Page 7

A limitation of the current study is its limited sample size; in particular, the study had
insufficient statistical power to examine the interaction between quantitative meniscus
morphology, grade and location of meniscus lesions (39), and quantitative cartilage loss in
the various medial femorotibial subregions. Because of the lack of adjustment for meniscal
tears, anterior cruciate ligament (ACL) rupture/injury, malalignment and other potential
confounders, a causal relation between the meniscal extrusion/position and subsequent
cartilage loss cannot be ascertained. Also, the subjects examined here all had a BMI >25,
and both knees were frequently painful. Given previous observations of a relationship
between meniscus extrusion and frequent pain status (14) and the uncertainty of a
relationship with BMI, the results of the current study cannot be generalized to normal-
weight subjects without knee pain. However, the sample studied here corresponds to a
typical population of OA patients who would see a doctor in primary or secondary care,
suffering from knee pain and being overweight, and the knees studied cover a range of
radiographic conditions, including knees with advanced structural disease (JSN) and those
without. Further, overweight patients with symptomatic knee OA (with or without JSN)
correspond to cohorts typically included in clinical trials to study the effect of DMOADS on
structural change; in fact the current sample was initially chosen with the attempt to
determine optimal recruitment strategies for such a clinical trial (20,21). Previous work has
established a relationship between meniscus extrusion and knee pain frequency using a
between-knee, within person study design (14). It has also been established that subjects
with frequent knee pain experience greater rates of cartilage loss than those without (40).
Whether knee pain is associated with increased cartilage loss in certain femorotibial
subregions and not in others, however, and to what extent this may be conveyed by
meniscus extrusion, remains to be elucidated.

A limitation is the relatively short follow-up period for determining cartilage loss (i.e. 1
year), and that cartilage loss was only determined in the medial but not in the lateral
femorotibial compartment. Given the known relationship between medial JSN and medial
cartilage loss, and that between lateral JSN and lateral cartilage loss (41) however, we
recommend that future studies exploring the relationship between lateral meniscus extrusion
and lateral femorotibial cartilage loss should include knees with lateral JSN. A further
limitation of the current study is that segmentation of the meniscus was done using coronal
MR imaging, which appears more suitable for examining the body of the meniscus, but not
sagittal MR imaging, which is better suited for delineating the anterior and posterior horn.
The observed relationships hence apply to medial (external) meniscal extrusion but do not
include the effects of anterior or posterior extrusion on (subregional) cartilage loss (17). A
strength, of the methodology applied here is that quantitative measurements of medial
(external) meniscal extrusion was derived for the entire meniscus and was not confined to
single slices, as done in previous studies (15-17). A further strength is that the observed
relationships were confirmed for both mJSN and contralateral noJSN knees, as radiographic
JSN itself has been shown to be dependent on meniscal extrusion in this (31) and other
samples (42). Observations on the relative strength of the association between meniscal
extrusion and cartilage loss in mJSN and noJSN knees were not confounded by between-
person differences, as they were from the same participants.
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In conclusion we find medial meniscus extrusion to be associated with subsequent cartilage
loss. The association between quantitative, three-dimensional measures of meniscal
extrusion with subregional cartilage loss in the external medial tibial cartilage (eMT)
appeared to be greater than for other femorotibial subregions. eMT is a region
physiologically covered by the meniscus, and the cartilage in this subregions may be
particularly vulnerable to cartilage tissue loss once the meniscus extrudes and the surface is
“exposed” to direct, non-physiological, cartilage-cartilage contact.
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Significance and Innovations

«  First study to associate three-dimensional MRI-based quantitative measures of
medial meniscus extrusion with subsequent, longitudinal, subregional cartilage
loss in the medial femorotibial joint.

e Medial meniscus extrusion is found to be more closely associated with cartilage
loss in the external medial tibial cartilage compared with that in other
femorotibial subregions

e The external tibial cartilage may be particularly vulnerable to thinning once the
meniscus extrudes and is “exposed” to direct, non-physiological, cartilage-
cartilage contact.
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Fig. 1.
a) Coronal DESSwe MRI showing manual segmentation of the medial meniscus:

FA=femoral area, TA=tibial area, EA=external area covering the tibial plateau (ACdAB); b)
Sagittal DESSwe MRI showing manual segmentation of the femoral and tibial cartilage
thickness.
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Fig. 2.

3D reconstruction of the medial meniscus; a) extrusion distance and that % area of the
meniscus surface extruding the tibial plateau margin and b) meniscus width are indicated
schematically.
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femoral cartilage

tibial cartilage

Medial meniscus

Fig. 3.

3[? reconstruction of a) medial femoraotibial cartilage thickness across femorotibial
subregions: 5 medial tibial (MT) subregions (anterior (aMT), posterior (obMT), central
(cMT), external (eMT), internal (iMT)) and 3 medial weight-bearing femoral cartilage
(cMF) subregions (central (ccMF), external (ecMF) and internal (icMF); b) medial meniscus
covering the medial femoraotibial cartilage including subregions.
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Table 1

Subregional cartilage thickness (mm) and loss (um) in knees +medial JSN

Baseline Baseline 1-year change 1-year change

mJSN(mm)  noJSN(mm)  mJSN (um) no JSN (um)
MFTC  317+0.67  353:0.52  _744180"" (-2.0%) -26+120" (~0.8%)
MT 157+0.30  167#027  _30:85"* (-250)  -19+49"* (~1.206)
CMF  160:042  186+0.32  _3g4124* (-250) 796 (-0.5%)
CMT  203:051 231046  _764173"*(-3.9%) -45+98"*(-1.7%)
eMT 1245040 146022  _704151"*(-56%) -47+86""(~3.4%)
iMT 1.86+0.43 1.85+0.41 -6x119 (-0.5%) -16+107 (-1.1%)
aMT 1.39+0.27 1.47+0.23 -14+81 (-0.7%) —-2+57 (-0.1%)
PMT 1424025  142+0.24  —29+88 (-2.1%) ~24+63" (~1.4%)
CCMF 161060 207040  _g31106"(-3.70)  ~20£170 (-1.0%)
ecMF  1.25+0.35  1.41%0.27 -15+128 (-1.6%) ~7+103 (-0.7%)
icMF 1.90+0.49 2.08+0.39 -28+123(-1.6%) -4+95 (-0.2%)

Page 15

mJSN= medial joint space narrowing; MFTC= medial femorotibial compartment; MT= medial tibia; cMF= central medial femur; c= central, e=
external, i= internal a= anterior, p= posterior subregion;

*
p<0.05;

*%

p< 0.01 for paired t-test between baseline and follow-up
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Correlation (Pearson r and 95% CI) of medial meniscus extrusion in the central slice and a slice 6mm posterior
to the center with subregional femoraotibial cartilage loss in knees with and without medial JSN

Central Slice

mJSN

no JSN

Slice 6mm posterior to Center

mJSN

no JSN

MFTC  _0.29"[-0.50, —0.04]

MT -0.25[-0.47, 0.01]
¢cMF  —0.24[-0.46, 0.02]

-0.01[-0.27, 0.24]

-0.03[-0.28, 0.23]
0.004[-0.25, 0.26]

-0.19[-0.42, 0.07]

-0.17[-0.41, 0.08]
-0.15[-0.39, 0.11]

-0.10[~0.34, 0.16]

0.01[-0.24, 0.27]
-0.13[-0.38, 0.12]

¢cMT  —0.16[-0.40, 0.10]

eMT  _0.31%[-0.52, -0.06]
iMT  -0.03[-0.28, 0.23]
aMT  -0.21[-0.44, 0.05]
PMT  —0.20[-0.43, 0.06]

0.03[-0.23, 0.28]
-0.25[-0.47, 0.01]
-0.02[-0.28, 0.23]
0.02[-0.23, 0.28]
0.09[-0.17, 0.33]

-0.09[-0.34, 0.17]

-0.26"[-0.49, -0.01]
-0.10[-0.35, 0.15]
-0.14[-0.38, 0.12]
-0.06[-0.31, 0.19]

0.06[-0.19, 0.31]

-0.307[-0.52, -0.05]
0.11[-0.15, 0.35]
0.03[-0.22, 0.29]
0.11[-0.15, 0.35]

ccMF  _0.29"[-0.51, -0.04]
ecMF  —0.10[-0.35, 0.16]
icMF  -0.16[-0.40, 0.10]

0.02[-0.24, 0.27]

-0.02[-0.27, 0.24]
-0.03[-0.28, 0.23]

-0.15[-0.39, 0.11]

0.05[-0.21, 0.30]
-0.24[-0.47, 0.01]

-0.15[-0.39, 0.11]

-0.19[-0.42, 0.07]
0.03[-0.23, 0.28]

*
p<0.05; for other abbreviations see Table 1
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Correlation (Pearson r and 95% confidence interval) of percent (%) area of medial meniscus extrusion across
the entire tibia and of meniscus width with subregional cartilage loss in knees with and without medial JSN

% Area of Meniscus Extruded

mJSN

no JSN

Meniscus Width
mJSN

no JSN

MFTC

MT

cMF

-0.28"[-0.50, —0.03]

-0.30°[-0.52, -0.05]

-0.19[-0.43, 0.07]

-0.07[-0.32, 0.19]
-0.02[-0.27, 0.24]
-0.08[-0.33, 0.18]

0.15[-0.11, 0.39]
0.14[-0.12, 0.38]
0.13[-0.13, 0.37]

-0.09[-0.34, 0.17]
-0.13[-0.37, 0.13]
-0.04[-0.29, 0.22]

cMT
eMT
iMT
aMT
pMT

-0.17[-0.41, 0.08]

-0.34"[-0.55, —0.09]

-0.16[-0.40, 0.10]
-0.25[-0.48, 0.001]
-0.21[0.44, 0.05]

0.02[-0.23, 0.27]
-0.24[-0.47, 0.01]

0.01[-0.25, 0.26]
0.01[-0.25, 0.26]
0.12[-0.14, 0.36]

0.06[-0.20, 0.31]
0.14[-0.12, 0.38]

0.04[-0.21, 0.29]
0.09[-0.16, 0.34]
0.19[-0.06, 0.43]

0.01[-0.24, 0.27]
-0.02[-0.27, 0.23]

-0.17[-0.41, 0.09]
0.06[-0.20, 0.31]

-0.30"[-0.51, —0.05]

ccMF
ecMF
icMF

-0.18[-0.41, 0.08]
-0.03[-0.29, 0.22]
-0.24[-0.47, 0.01]

-0.07[-0.32, 0.19]
-0.11[-0.35, 0.15]
-0.03[-0.28, 0.23]

0.13[-0.13, 0.37]
0.05[-0.21, 0.30]
0.12[-0.14, 0.36]

-0.07[-0.31, 0.19]
-0.02[-0.27, 0.24]
-0.002[-0.26, 0.25]

p<0.05; for abbreviations see Table 1
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