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Abstract

Objective—To explore whether subregional laminar femorotibial cartilage spin-spin relaxation
time (T2) is associated with subsequent radiographic progression and cartilage loss and/or whether
one-year change in subregional laminar femorotibial cartilage T2 is associated with concurrent
progression in knees with established radiographic OA (ROA).

Methods—In this case-control study, Osteoarthritis Initiative (OAI) knees with medial
femorotibial progression were selected based on one-year loss in both quantitative cartilage
thickness (MRI) and radiographic JSW. Non-progressor knees were matched by sex, BMI,
baseline Kellgren-Lawrence-grade (2/3), and pain. Baseline and 1-year follow-up superficial and
deep cartilage T2 was analyzed in 16 femorotibial subregions using multi-echo spin-echo MRI.

Results—37 knees showed medial femorotibial progression whereas 37 matched controls had no
medial or lateral compartment progression. No statistically significant baseline differences
between progressor and non-progressor knees in medial femorotibial cartilage T2 were observed
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in the superficial (48.9+£3.0ms; 95%CI:[47.9,49.9] vs. 47.8+3.6ms; 95%C1:[46.6,49.0], p=0.07) or
deep cartilage layer (40.8+3.6ms; 95%CI:[39.5,42.0] vs. 40.1+4.7ms; 95%CI:[38.5,41.6], p=0.29).
Concurrent T2 change was more pronounced in the deep than the superficial cartilage layer. In the
medial femorotibial compartment, longitudinal change was greater in the deep layer of progressor
than non-progressor knees (1.8+4.5ms; 95%CI:[0.3,3.3] vs. —0.2+1.9ms; 95%CI:[-0.8,0.5],
p=0.02), whereas no difference was observed in the superficial layer.

Conclusion—Medial compartment cartilage T2 did not appear to be a strong prognostic factor
for subsequent structural progression in the same compartment of knees with established ROA,
when appropriately controlling for covariates. Yet, deep layer T2 change in the medial
compartment occurred concurrent with medial femorotibial progression.

Keywords
Spin-spin (T2) relaxation time; cartilage; progression; osteoarthritis; knee

Introduction

Magnetic resonance imaging (MRI) spin-spin (transverse) relaxation time (T2) has been
proposed as an imaging biomarker for the detection of alterations in cartilage composition
before the onset of knee osteoarthritis (OA), to differentiate stages of OA, and to monitor or
predict disease progressionl=3. T2 is known to reflect cartilage composition (collagen
integrity, orientation, and hydration):34, and to correlate with histological grading®® and
mechanical propertiesl:” of articular cartilage.

Several studies investigated the association between cartilage T2 times and incidence or
progression of knee OA. In a nested case-control study of knees with Kellgren Lawrence
grade (KLG) 0 at baseline, Liebl et al. reported baseline T2 times to be significantly greater
in most knee compartments of KLG 0 knees that developed radiographic OA over 4 years
than in non-incident control knees®, in particular in the superficial layer8. Joseph et al.®
reported prevalence of MRI structural pathology to increase over time in subjects with risk
factors for OA and the authors also reported that greater baseline cartilage T2 predicted
longitudinal change in cartilage, meniscus, and bone marrow lesion scores. Based on a
cohort including 55 knees with KLG 0-3 at baseline, Prasad et al.19 reported significantly
longer baseline T2 (and T1rho) times in the 27 case knees with progression over two years
(incidence or worsening of existing cartilage lesions) than in 28 control knees without
progression using a modified WORMS scoring system. No statistically significant
differences were, however, found between progressor and non-progressor knees, when T2
times were compared separately in knees with and without radiographic OA%0. It is well-
known that the likelihood of progression is associated with radiographic disease stage!1-13,
and it may thus be that the differences in baseline radiographic disease stages were
responsible for the observed differences in baseline T214-16 rather than progression per se.
Prasad et al. did not report statistically significant differences in demographic data or
baseline pain between progressor and non-progressor knees9, but a study on the relationship
of T2 with structural progression should ideally rule out potential bias from risk factors of
OA structural progression, since high BMI or knee pain have been associated with both
progression1:17:18 and with cartilage T219-22, Also, previous studies on the relationship
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between cartilage T2 and OA progression have analyzed bulk cartilage T2 of entire cartilage
plates, albeit T2 is known to vary strongly between superficial and deep laminae23, and
subregional differences in cartilage T2 are to be expected based on local variations in
collagen architecture??,

To our knowledge, no study to date has evaluated the cross-sectional and longitudinal
relationship of cartilage T2 with structural progression as defined by quantitative
radiographic and/or MRI outcomes (i.e. radiographic JSW or MRI-based cartilage thickness
or volume) and no previous study has evaluated the relationship of cartilage T2 with
structural progression separately for deep and superficial cartilage and/or for different
femorotibial subregions. Because loss in radiographic JSW or cartilage thickness is typically
observed in knees with established ROA (KLG =2) and because participants with established
ROA are those typically enclosed in clinical trials2®, we used a matched case-control design
of participants with established (but without end-stage [KLG 4]) radiographic OA (KLG
2/3), to study whether (subregional) laminar medial femorotibial compartment cartilage T2
times

a. are associated with subsequent medial compartment structural progression

b. change concurrently in knees with subsequent medial compartment structural
progression

c. show a greater concurrent change in knees with subsequent medial compartment
structural progression than in knees without such progression.

Based on previous reports that T2 is limited in monitoring progression once an advanced
disease stage is reached?, we performed sensitivity analyses with stratification for baseline
KLG.

Study design and sample selection

The study participants were selected from the Osteoarthritis Initiative cohort (OAI; http://
www.oai.ucsf.edu/, clinicaltrials.gov: NCT00080171)26, which was approved by the
Committee on Human Research, the Institutional Review Board (IRB) for the University of
California, San Francisco (UCSF). All OAI participants provided written informed consent
and this study was carried out in accordance with the IRB-approved OAI data user
agreement. OAI participants were 45-79 years old, with or at risk of symptomatic knee OA
in at least one knee. General exclusion criteria were rheumatoid or inflammatory arthritis,
bilateral end-stage knee OA, inability to walk without aids, and MRI contraindications.

The inclusion criteria for the current nested case-control sample have been described
previously: Knees with and without medial femorotibial progression were selected from a
sample of 725 right knees from OAI participants, for which MRI-based cartilage thickness
measurements were available for the baseline and the one-year follow-up visit (Fig. 1). At
the baseline visit, these knees were KLG 2-4 12.17.25 according to the OAI clinical site
radiographic readings”:25. Of these 725 right knees studied with MRI, 625 also had
quantitative JSW measurements from fixed-flexion radiographs?’ that we used here to
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ensure that apparent change in cartilage loss was not due to MRI-specific precision errors or
artifacts, so that structural progression was confirmed by a second, independent method.

Based on smallest detectable change (SDC) thresholds?8:2° for MRI-based medial
femorotibial compartment (MFTC) cartilage thickness (>102um) and for radiographic
medial minimum JSW (mJSW) loss (>328 um), we selected progressor knees that exceeded
both thresholds. Non-progressor knees were defined as knees that did not exceed the SDC
thresholds for either cartilage thickness loss or mJSW loss in the MFTC and that also did not
exceed the SDC threshold for lateral femorotibial compartment (LFTC) cartilage loss
(92um). Because the objective of this study was to determine, whether cartilage T2 is
associated with subsequent structural progression in knees with established radiographic
OA, the current study included knees with definite, but not end stage radiographic OA,
whereas knees with KLG 1 and 4 at baseline were excluded. The radiographic inclusion/
exclusion relied on the central KLG readings (release 0.5), which are deemed more reliable
than the clinical site readings that were used to select the initial sample of 725 knees?°.

Of the 625 knees for which both MRI-based cartilage thickness and radiography-based
mJSW measurements were available, 404 knees did not exceed any SDC threshold, 80
exceeded only the MFTC SDC threshold for MRI-based cartilage loss, 87 exceeded only the
SDC threshold for radiography-based mJSW loss, and 54 knees exceeded the MFTC SDC
threshold for both MRI-based cartilage loss and radiography-based mJSW loss (Fig. 1).
Cartilage loss exceeding the LFTC SDC threshold was observed in 64 of the 404 knees that
did not display MFTC loss. After excluding knees without definite radiographic OA
(KLG<2) or with end-stage radiographic OA (KLG 4) at baseline, 46 of the 54 knees with
MFTC progression and 229 of the 340 knees without MFTC or LFTC progression qualified
for inclusion in this study.

In order to reduce the potential bias introduced by covariates (e.g. sex, BMI, pain), knees
with and without structural progression were matched 1:1 by the same sex, body height
(3cm), BMI (x5kg/m?), baseline KLG (2 or 3), and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) pain scores (£5; scale from 0-20). An
appropriate matching control was found for 37 of the 46 progressor knees. Because all knees
fulfilling the selection criteria were included in this study and because no information about
the expected effect size for laminar (and subregional) cartilage T2 was available, no apriori
power analysis was performed.

T2 analysis of femorotibial cartilage

The right knees of the OAI participants had sagittal 3 Tesla multi-echo spin-echo (MESE)
MR images acquired?6:30 (Fig. 2). The repetition time was 2700ms and the echo times were
10, 20, 30, 40, 50, 60, and 70 ms (slice thickness 3.0 mm, in-plane resolution 0.3125 mm).
T2 was computed for each voxel by fitting a mono-exponential decay curve to the measured
signal intensities using a non-linear regression method minimizing

n . 2
o(13, k)zzizl (Sli—k@ TEz/T?) with the proportionality constant k and the signal
intensities SI; observed at the respective echo times TE; 3! (Fig. 2). The 15t echo (10 ms) was
excluded to reduce the impact of stimulated echoes!. Segmentation of the cartilage of the
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medial tibia (MT) and medial weight-bearing femoral condyle (cMF) as well as the lateral
tibia (LT) and lateral weight-bearing femoral condyle (cLF) was performed manually by one
reader (P.B.) and underwent quality control and/or correction by an expert reader with >10
years of experience in cartilage segmentation (S.M.). The readers were provided with the
ability to choose amongst images with different echoes or that of color-coded T2 values. The
image with the shortest echo (Fig. 2) was generally used for segmenting the bone interface,
and that with the longest echo (Fig. 2) for the cartilage surface32. Baseline and follow-up
images were analyzed simultaneously, but with blinding to the acquisition dates. Because
cartilage T2 is known to display spatial variation with tissue depth23, the cartilages were
computationally divided into the top (superficial) and bottom (deep) 50% after segmentation
was completed, based on the local distance between the segmented cartilage surface and
bone interface32 (Fig. 2). To avoid contribution of T2 values from voxels with low image
quality, voxels were excluded if the coefficient of determination for the curve fitting was
below R?=0.66 32. This was observed in 7.5+0.6% of the femorotibial cartilage voxels.
Within each knee, cartilage T2 times measured in the deep and superficial layer of the MT
and the cMF were averaged to obtain the deep and superficial MFTC T2 times. Similarly,
the deep and superficial layer cartilage T2 times observed for LT and cLF were averaged to
obtain the deep and superficial lateral femorotibial compartment (LFTC) T2 times.

A subregional analysis approach (Fig. 3) that was previously developed for morphometric
analyses33-35 was adapted for subregional analyses of laminar cartilage T2 times in the
femorotibial joint36, using the same regional definition as for morphometric cartilage
analyses33. To that end, the segmentation of the MT and LT were each divided into one
central (cMT/cLT), external (eMT/eLT), internal (iMT/iLT), anterior (aMT/aLT), and
posterior (pMT/pLT) subregion and the segmentation of the cMF and cLF were each divided
into one central (ccMF/ccLF), external (ecMF/ecLF), and internal (icMF/icLF) subregion
(Fig. 3). Subregional cartilage T2 times were then derived by attributing the cartilage T2
times measured in the voxels of the cartilage plates to the respective subregions. Deep and
superficial cartilage T2 times in the central MFTC and central LFTC subregions were
averaged to obtain central medial (cMFTC) and lateral femorotibial compartment (cLFTC)
T2. The intra-observer precision (root mean square coefficient of variation determined from
nine knees with repositioning between acquisitions) of the laminar T2 analyses was 2.5~
4.4% for compartment measures and cartilage plates, and 2.2—7.1% for cartilage subregions.

Statistical analysis

All analyses were performed using SPSS 23 (IBM Corporation, Armonk, NY). The mean,
standard deviation (SD) and 95% confidence intervals were computed for the baseline
cartilage T2 times, for the change in cartilage T2 times, and for the differences between
progressor and non-progressor knees. The 95% confidence intervals were computed using
the bias-corrected and accelerated (BCa) bootstrapping method with 1000 replications. To
determine whether changes from baseline to follow-up were statistically significant,
Wilcoxon signed-rank tests were used, because the paired differences between the cartilage
T2 times observed in progressor and non-progressor knees were not generally normally
distributed (Online Fig. 1).
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Wilcoxon signed-rank tests were also used to test whether baseline MFTC T2 times differed
between knees with and without subsequent progression, and to test whether change in
MFTC T2 times differed between knees with and without subsequent structural progression.
The deep and superficial MFTC T2 times were considered the two primary outcome
measures, given that the progressor knees showed MFTC cartilage and mJSW loss. The
significance level was adjusted to account for two parallel comparisons (deep/superficial
layer; p=0.05/2=0.025). Analyses in the lateral compartment, single cartilage plates and
subregions were considered exploratory. Cohen’s D was used as a measure of the effect size
for the between-group comparisons, the standardized response mean (SRM) was used as a
measure of the sensitivity to change. Sensitivity analyses were performed for baseline KLG
strata (2/3).

Sample description and demographic data

Association

The 37 participants (21 KLG 2, 16 KLG 3, 13 male, 24 female) in the progressor group had
a similar age (64.7+8.0 years vs. 64.629.8 years, p=0.98) and BMI (30.2+4.6 kg/m? vs.
30.2+4.4 kg/m?, p=0.94) but higher WOMAC pain scores (3.5+3.8 vs. 2.8+3.3, p=0.04) than
the 37 matched participants in the non-progressor group (Table 1). The baseline mJSW and
cartilage thickness in the medial compartment were similar in progressor and non-progressor
knees (p=0.36, Table 2), but the baseline lateral compartment cartilage thickness was
statistically significantly greater in progressor than in non-progressor knees (p=0.01, Table
2). As expected by the inclusion criteria, a statistically significant loss (p<0.01) was
observed in medial compartment mJSW and cartilage thickness of progressor knees over the
one-year follow-up period, whereas no statistically significant change was observed in non-
progressor knees (Table 3). Further, no statistically significant change occurred in lateral
compartment cartilage thickness in either progressor or non-progressor knees (Table 3).

of baseline cartilage T2 times with subsequent progression

The superficial layer cartilage T2 times in the MFTC were slightly longer in progressor
knees (48.9+£3.0 ms, 95% CI: [47.9, 49.9] ms) than in non-progressor knees (47.8+3.6 ms,
95% CI: [46.7, 48.9] ms), but the difference did not reach statistical significance (p=0.07,
Cohen’s D: 0.35, Table 2). In the deep layer, the cartilage T2 times in the MFTC also did not
differ statistically significantly between progressor (40.8+3.6 ms, 95% CI: [39.7, 41.8] ms)
and non-progressor knees (40.1+4.7 ms, 95% ClI: [38.7, 41.4] ms, p=0.29, Cohen’s D: 0.17,
Table 2). Exploratory analyses of laminar T2 times in cMFTC/cLFTC, cartilage plates, and
in cartilage subregions revealed no statistically significant differences between progressor
and non-progressor knees (Table 2).

In the stratum of KLG2 knees, the superficial MFTC T2 times tended to be longer in
progressor (49.1+3.4 ms, 95% ClI: [47.7, 50.6] ms) than in non-progressor knees (46.8+3.7
ms, 95% CI: [45.4, 48.3] ms), but the difference failed to reach the adjusted significance
level (p=0.03, Cohen’s D: 0.64, Online Table 1). No statistically significant difference was
observed in the deep MFTC layer (40.0£3.0 ms, 95% CI: [38.7, 41.2] ms vs. 38.7+£3.4 ms,
95% ClI: [37.6, 39.9] ms, p=0.11, Cohen’s D: 0.39, Online Table 1). Exploratory analyses
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revealed longer T2 times in the superficial layer of the cMF, and in the deep layer of the
LFTC, the cLF, and the icLF of progressor knees when compared to non-progressor knees
(p<0.02, Online Table 1).

In the stratum of KLG3 knees, no statistically significant differences were observed in
superficial or deep MFTC T2 times between progressor and non-progressor knees (p=0.84,
Online Table 3). Exploratory analyses showed statistically significantly shorter T2 times in
the deep layer of cLF and in the superficial layer of cLT of progressor knees when compared
to non-progressor knees (p<0.02, Online Table 3).

Longitudinal change in cartilage T2 in knees with and without concurrent progression

No statistically significant longitudinal change over the 1 year follow-up period was
observed in the superficial layer of the MFTC of either progressor and non-progressor knees
(Table 3). In the deep layer, an increase in MFTC T2 times was observed in progressor knees
(1.8+4.0 ms, 95% CI: [0.4, 3.6] ms, SRM=0.39, p=0.04) that was statistically significantly
greater (p=0.02, Cohen’s D: 0.56) than the change observed in non-progressor knees
(-0.2£1.9 ms, 95% ClI: [-0.7, 0.4] ms, SRM=-0.08, p=0.21).

Exploratory analyses showed statistically significant increases in cartilage T2 times in
progressor knees in the deep layer of MT, cMFTC, and cMT (Table 3), with the changes in
MT and cMFTC being statistically significantly greater than the changes observed in
matched non-progressor knees (p<0.01, Table 3). Statistically significant differences
between changes observed in progressor and non-progressor knees were also observed in the
deep layer of both aMT and ccMF (p<0.01, Table 3). A statistically significant decrease in
cartilage T2 times was observed in the superficial layer of cLF and icLF in progressor knees
(p<0.025, Table 3), but these changes did not differ from the changes observed in non-
progressor knees.

In the 21 knees with baseline KLG 2, no statistically significant increase or decrease in
laminar T2 was observed in both progressor and non-progressor knees (Online Table 2). The
change in the deep layer of the cMFTC and ccMF was, however, statistically significantly
greater in progressor than non-progressor knees (p<0.01, Online Table 2).

In the 16 knees with baseline KLG 3, we observed a statistically significant decrease in
cartilage T2 times in the superficial layer of the pMT in progressor knees and in the deep
layer of the aMT, ccMF, cLF, and icLF of non-progressor knees (Online Table 4). These
longitudinal changes did not differ statistically significantly between progressor and non-
progressor knees (Online Table 4).

Discussion

Based on a matched case-control design, this study is the first to test whether baseline values
or one-year change in subregional laminar cartilage T2 in the medial compartment of knees
with definite radiographic knee OA are associated with structural OA progression, defined as
loss in both MRI-based cartilage thickness and radiographic JSW in the medial femorotibial
compartment. The results of the cross-sectional analysis of medial compartment T2 times at
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baseline showed a small, but statistically not significant difference between matched knees
with and without subsequent progression. In the longitudinal analysis of the one-year
changes in cartilage T2 times, we found a statistically significantly greater concurrent
increase in deep layer T2 times in the medial compartment of knees with progression than in
matched knees without progression. Sensitivity analyses showed that baseline T2 times in
the medial compartment tended to differ between progressor and non-progressor knees in the
KLG 2 but not in the KLG 3 stratum, whereas the longitudinal changes did not differ
significantly between progression and non-progressor knees in both the KLG2 and KLG3
stratum.

The cross-sectional analysis using the baseline T2 data is in agreement with a previous
analysis of bulk femorotibial T2 that did not identify baseline differences between knees
prospectively experiencing cartilage loss versus those that did not3”. The current results,
however, contrast those of several previous studies?:910 that reported statistically
significantly greater cartilage T2 times in knees with subsequent progression in cartilage
lesion scores than in knees without such progression. In our study, no statistically significant
differences were observed between knees with and without subsequent progression. Possible
explanations for this discrepancy include the differences in study designs (cohort studies vs.
matched case-control study), different inclusion criteria (knees with and/or without
radiographic 0A29:10 ys. knees with established radiographic OA [KLG 2/3]), and different
definitions of progression (incidence or worsening of semi-quantitative cartilage lesion
scores vs. loss in both MRI-based cartilage thickness and radiographic JSW in the medial
femorotibial compartment). To avoid potential bias from disease-related covariates such as
BMI20.21 the presence or absence of radiographic OA1413, or painl®, a matched case-
control design controlling for these factors was chosen for the current study. It is of note that
a sensitivity analysis in the study by Prasad et al.1% found the association with progressor
status to disappear, once knees with and without definite radiographic knee OA were
analyzed separately, which accords with the findings in the current study.

In our study, the baseline T2 times in the medial compartment were slightly (but not
statistically significantly) longer in knees with subsequent progression than in knees without
progression, with this effect being more pronounced in the superficial than in the deep layer.
However, the differences in the medial compartment did not reach statistical significance,
and this did not change when confining the analysis to KLG2 or KLG3 knees. Explorative
analyses showed statistically significant differences in the superficial cMF layer and also in
the lateral compartment, but such differences were only observed in the subsample of KLG 2
knees. Even when assuming that these differences may become statistically significant in a
larger sample, cartilage T2 does not appear to be strongly associated with prospective
structural progression in knees with established femorotibial radiographic OA, particularly
when compared with other risk factors that are more easily measured using radiography,
such as low baseline mJSW and JSN scores13:37,

Concurrent with the structural progression between baseline and year-one follow-up, we
observed a longitudinal change in medial compartment deep layer T2 times of progressor
knees that was significantly greater than that in non-progressor knees. No such increase was,
however, observed in the superficial cartilage laminae. These deep layer T2 changes in
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progressor knees were statistically significant in MT, cMFTC, ccMF, and aMT, which have
been shown to be also sensitive to change in cartilage thickness26. The longitudinal changes
in deep layer T2 of the MFTC concurrent with progression were very similar in KLG2 and
KLG3 knees, but the sensitivity to change in the MFTC of KLG3 knees was slightly greater
(SRM =0.42) than in KLG 2 knees (SRM=0.37) or the entire cohort (SRM=0.39). These
results suggest that (subregional) deep cartilage T2 can be monitored with reasonable
sensitivity in knees with structural progression, even over a relatively short period of 1 year,
and even in knees with advanced radiographic OA (KLG 3). This increase in deep cartilage
T2 appears to be specific to structural progression, as no such increase was observed in non-
progressor knees or in the lateral femorotibial cartilage compartment. In contrast, a
longitudinal decrease in cartilage T2 times was observed in the central lateral femur, which
reached significance in knees with concurrent structural progression in the medial
compartment. Because no significant cartilage loss was observed in the lateral femorotibial
compartment in these knees, it is unlikely that this change is associated with cartilage loss
(e.g. loss of superficial cartilage with long relaxation times). Instead, this change may
potentially be attributed to a shift towards more varus induced by narrowing of the medial
joint space38.

Although the statistical power of the present analysis was limited due to a relatively small
sample size, it was sufficient to identify statistically significant longitudinal change in
(subregional) deep medial femoraotibial cartilage T2 with structural progression. The strength
of the approach was that two established3® and mutually independent imaging methods were
used to identify knees with (and without) structural progression®C. The rates of cartilage
thickness and mJSW loss obtained using the smallest detectable change (SDC) method?8
were well above thresholds assumed to be clinically relevant®l, well above those observed in
KLG 2-3 knees in the OAI12, and even exceeded the change observed in knees prior to knee
replacement surgery#2-44. This highlights the effectiveness of a combined MRI and
radiographic SDC threshold in identifying knees with structural progression and also
reassures that the weakness of the association between cartilage T2 times and subsequent
progression is not due to an insufficient magnitude of structural progression. Further, relying
on MRI in addition to radiography involved the additional benefit of being able to rule out
participants with lateral femorotibial progression as controls. A potential limitation of the
current study is the use of less powerful non-parametric tests for the statistical comparisons,
because the paired differences between progressor and non-progressor knees were not
normally distributed for some of the analyzed parameters. However, when using parametric
t-tests on those differences that were normally distributed, the results were similar to those
obtained with non-parametric tests. Another limitation of the current study is that the
femoropatellar compartment of the knee was not analyzed, although we cannot rule out that
femoropatellar cartilage T2 may be associated with femorotibial progression. Previous
studies have, however, shown that local risk factors such as joint space narrowing, meniscus
or cartilage lesions are most relevant when being observed in the same compartment13:45,

In conclusion, the current study suggests that baseline laminar cartilage T2 in the medial
femorotibial compartment is not a strong prognostic factor for subsequent structural
progression in the same compartment of knees with established (but without end-stage)
radiographic OA as defined by quantitative outcome measures, such as radiographic mJSW

Osteoarthritis Cartilage. Author manuscript; available in PMC 2018 August 01.
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and MRI-based cartilage thickness. The statistically significant progression in both
radiographic JSW and MRI-based cartilage thickness was, however, accompanied by a
statistically significantly greater concurrent increase in deep layer T2 times in the medial
compartment of knees with progression than in matched knees without progression. These
findings indicate that compositional changes as identified by T2 occur in the deep cartilage
layer whilst structural progression is ongoing.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Flowchart illustrating the process of selecting case knees with structural progression

exceeding the smallest detectable change (SDC) threshold for both minimum radiographic
joint width (mJSW) and cartilage thickness (ThC) in the medial femorotibial compartment
(MFTC) between the baseline (BL) and the year-one (Y1) follow-up visit and control knees
without progression in mJSW, MFTC or lateral femorotibial compartment (LFTC) cartilage
thickness. The case and control knees were matched by sex, BMI, baseline Kellgren-
Lawrence grade (KLG 2/3), and pain.
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Fig. 2.
Sagittal multi-echo spin-echo (MESE) images showing the cartilages in the medial

compartment; A) — D) MESE images acquired with echo times of 10, 30, 50, and 70 ms; E)
Color-coded T2map; F) T2 map as in E), showing the femoral region of interest (ROI) and
the segmentation of the medial tibia (MT) and the central medial femur (cMF).
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>  n=64 excluded: LFTC ThC progression

n=54 knees with both ThC and misw
progression in the MFTC

n=340 knees without any progression

n=8 excluded: KLG<2 or KLG>3

Fig. 3.

Ilustration of A) the medial (MFTC) and lateral (LFTC) femorotibial compartment

> n=111 excluded: KLG<2 or KLG>3

n=46 KLG 2/3 knees with both MFTC ThC
and mJSW progression

n=229 KLG 2/3 knees without any
progression

\/

n=37 matched case-control pairs

subregions, B) the central (c), external (e), and internal (i) subregions of the central part of
the medial (cMF) and lateral (cLF) femur, and C) the central (c), external (e), internal (i),

anterior (a), and posterior (p) subregions of the medial (MT) and lateral (LT) tibia.
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