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SUMMARY

Objective: To investigate the construct validity of the new thumb base OA magnetic resonance imaging
(MRI) scoring system (TOMS) by comparing TOMS scores with radiographic scores in patients with
primary hand OA.
Design: In 200 patients (83.5% women, mean (SD) age 61.0 (8.4) years), postero-anterior radiographs and
MR scans (1.5 T) of the right first carpometacarpal (CMC-1) and scaphotrapeziotrapezoid (STT) joints,
were scored using the OARSI atlas and TOMS, respectively. The distributions of the TOMS scores
(specified in results section) were stratified for the OARSI scores of corresponding radiographic features
and investigated using boxplots and non-parametric tests. Furthermore, Spearman's rank or Phi corre-
lation coefficients (p/¢) were calculated.
Results: For all features, especially for erosions and osteophytes, the prevalence found with MRI was
higher than with radiography. TOMS osteophyte and cartilage loss scores differed statistically significant
between corresponding OARSI scores in CMC-1 (0 vs 1; 1 vs 2). TOMS scores were positively correlated
with radiographic scores in CMC-1 for osteophytes (coefficient [95% confidence interval], p = 0.75 [0.69;
0.81]), cartilage loss/joint space narrowing (p = 0.70 [0.62; 0.76]), subchondral bone defects (SBDs)/
erosion-cyst (p = 0.41 [0.29; 0.52]), bone marrow lesions (BMLs)/subchondral sclerosis (p = 0.65 [0.56;
0.73]) and subluxation (¢ = 0.65 [0.57; 0.73]); and in STT for osteophytes (p = 0.30 [0.17; 0.42]) and
cartilage loss/joint space narrowing (p = 0.53 [0.42; 0.62]).
Conclusions: In patients with hand OA, TOMS scores positively correlated with radiographic scores,
indicating good construct validity. However, the prevalence of features on MR images was higher
compared to radiographs, suggesting that TOMS might be more sensitive than radiography. The clinical
meaning of these extra MR detected cases is currently still unknown.

© 2018 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

Osteoarthritis (OA) in the hands frequently affects the thumb in patients, underlying pathophysiological mechanisms
carpometacarpal (CMC-1) and clinical burden® are considered to be different; also treatment op-

base, including the

scaphotrapeziotrapezoid (STT) joints, and interphalangeal (IP)

joints'. Although OA in the thumb base and IP joints often co-exist
2-4

and

tions vary®’. Still much is unknown about the pathophysiology and
disease course of the different subsets. In order to improve research
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and performance of clinical trials in hand OA sensitive outcome
measures are needed for each of these subsets®.

In research, magnetic resonance imaging (MRI) has proven to be
a valuable and sensitive method to assess structural damage and
inflammation in IP OA using the Hand OA MRI scoring system
(HOAMRIS)”!°. However, no MRI scoring system assessing the
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thumb base joints existed until recently the Outcome Measures in
Rheumatology (OMERACT) MRI Working Group developed the
thumb base OA MRI scoring system (TOMS)'.

HOAMRIS and TOMS are complementary scoring systems, both
assessing similar features for different hand OA subsets, which of-
fers the opportunity for a complete MRI assessment of all
commonly affected joints in hand OA. The OMERACT group already
established that TOMS has good feasibility and cross-sectional
reliability'!, but before it can be recommended as core research
instrument also its validity should be investigated. Therefore our
aim was to investigate the construct validity of TOMS by comparing
TOMS scores with radiographic scores.

Patients and methods
Study design

We used cross-sectional data of Hand OSTeoArthritis in Sec-
ondary care (HOSTAS), an ongoing observational cohort of
consecutive patients from our outpatient clinic who were
included after being diagnosed by their treating rheumatologist
with primary hand OA'?. In the present study, we selected pa-
tients who had both postero-anterior (PA) radiographs and MR
scans of the right thumb base (included between November 2012
and October 2015).

Exclusion criteria were: routine MR contraindications, any other
pathological condition explaining the hand symptoms, secondary
OA, and prior surgery of the right thumb base joints. Written
informed consent was obtained from all participants. The study
was approved by the Leiden University Medical Center (LUMC)
medical ethics committee.

Demographics and clinical assessment

Demographics and clinical characteristics were collected by
standardized questionnaires. Self-reported hand pain was assessed
by visual analogue scale (VAS, range 0—100 mm). Trained research
nurses examined thumb bases for tenderness upon palpation
(0—3), and soft and bony swelling (absent/present), and we deter-
mined whether patients met the American College of Rheuma-
tology (ACR) classification criteria for clinical hand OA'>. Since the
CMC-1 and STT joint lie in close proximity to each other, the thumb
base was evaluated as a whole during physical examination.

Radiograph acquisition and scoring

Digital right hand radiographs were obtained in PA view, using a
tube voltage of 45 kV, 250 mA and 5 mAs with 20 ms exposure time
and a film focus distance of 1.20 m (type of film cassette Canon
Detector CXDI, 100 micron pixel spacing, grayscale resolution 12-
bit).

Radiographs of right hand thumb base joints were scored
following the OARSI atlas'®: osteophytes and joint space narrowing
(JSN) in CMC-1 (0—3) and STT (absent/present), and subluxation,
erosion, subchondral sclerosis and subchondral cyst only in CMC-1
(absent/present). Readers HMK (>25 years of experience as
musculoskeletal radiologist) and SvB (PhD candidate, well-trained
in reading hand radiographs) scored in consensus, while blinded
for demographic, clinical and MRI data. Intraobserver reliability
(based on 20 patients) was good: prevalence-adjusted bias-
adjusted kappa (PABAK)'® values were 0.80—1.00 for the different
dichotomous features and intraclass correlation coefficients (ICCs;
mixed model, exact agreement, single measure) for osteophytes
and JSN scores in CMC-1 were 0.94 and 0.91, respectively.

MRI acquisition and scoring

MR images of the right CMC-1 and STT joints were obtained
using an MSK-Extreme 1.5 T extremity MR imaging scanner (GE,
Wisconsin, USA). The following sequences were acquired: coronal
T1-weighted (T1-w) fast spin echo (FSE) images (repetition time
[TR]/echo time [TE] 575/<11 ms), axial T1-w FSE images (TR/TE
575/<10.5 ms), coronal T2-w FSE images with frequency selective
fat saturation (fat sat) (TR/TE 3000/61.8 ms), and axial T2-w FSE fat
sat images (TR/TE 3000/60 ms). Images had a field of view of
100 mm; 18 coronal slices (slice thickness 2 mm, slice gap 0.2 mm)
and 20 axial slices (slice thickness 3 mm, slice gap 0.3 mm) were
obtained in a total acquisition time of 20 min. No contrast
enhancement was used.

After calibration using 10 randomly selected cases, MR images
were scored independently by readers FPBK and SvB (both PhD
candidates with extensive training in reading hand MR images),
blinded for demographic, clinical and radiography data, using
TOMS!"

- osteophytes, defined as abnormal bone protuberance at joint
margins or surfaces, 0 = no osteophytes, 1 = mild (1—2 small
osteophyte[s]), 2 = moderate (>3 small osteophytes and/or > 1
moderate osteophyte[s]), 3 = severe (>1 large osteophyte[s]),
scored on coronal T1w-FSE images

cartilage space loss (CSL), defined as loss of cartilage space based
on the inter-bone distance, 0 = no loss of cartilage space,
1 = mild (CSL without bone-to-bone contact), 2 = moderate
(focal complete CSL with bone-to-bone contact <50% of the
articulating area), 3 = severe (complete CSL with bone-to-bone
contact >50% of the articulating area), scored on coronal T1w-
and T2w-FSE fat sat images

subchondral bone defects (SBDs), defined as subchondral bone
loss, including erosions (sharply marginated bone lesions with
cortical break), cysts (sharply marginated bone lesions without
cortical break), and bone attrition (diffuse loss of bone contour),
0 = no bone defects, 1 = mild (<25% of bone volume or joint
surface affected), 2 = moderate (26—50% of bone volume or joint
surface affected), 3 = severe (>50% of bone volume or joint
surface affected), scored on coronal and axial, TIw-FSE and
T2w-FSE fat sat images

- bone marrow lesions (BMLs), defined as lesions within the
trabecular bone with signal characteristic consistent with
increased water content (i.e., high signal intensity on fat sup-
pressed T2w images) and with ill-defined margins, 0 = no BMLs,
1 = mild (1-33%), 2 = moderate (34—66%), 3 = severe
(67—100%). Based on thirds of assessed bone volume, scored on
coronal and axial, T2w-FSE fat sat images

subluxation, defined as subluxation of the CMC-1 joint in the
frontal plane, 0 = first metacarpal (MC-1) subluxed 0—25% of
the MC width, 1 = MC-1 subluxed >26% of the MC width, scored
on coronal T1w-FSE images.

Apart from subluxation, which was only scored for the CMC-1
joint, all MR features were scored for both right thumb base
joints (i.e., CMC-1 and STT joints). Osteophytes, subchondral bone
defects (SBDs) and bone marrow lesions (BMLs) were scored for
distal and proximal joint parts separately, adding up to a sum-score
for the CMC-1 (0—6) and STT (0—9) joints. Intraobserver (for reader
SvB, based on 10 patients, mixed model, exact agreement, single
measure, ICCs 0.76—1.00, subluxation PABAK 1.00) and interob-
server (mixed model, exact agreement, average measure, ICCs
0.72—0.92, subluxation PABAK 0.73) reliability was good for all
features.



470 S. van Beest et al. / Osteoarthritis and Cartilage 27 (2019) 468—475

Statistical analysis

For all analyses of TOMS scores, we used the average of both
readers, which was rounded down to the nearest integer. Since
CMC-1 subluxation was scored dichotomously, in case of
disagreement images were re-evaluated (n = 29) and discussed to
reach consensus. We combined OARSI scores for erosions and cysts
into one dichotomous score (i.e., both absent vs at least one pre-
sent) in order to make a comparison with SBDs on MRI. BML is an
imaging feature exclusive to MRI, however studies have shown BML
areas were associated with sclerotic bone on histology and histo-
morphometry'® '8 Therefore we compared BML scores with sub-
chondral sclerosis OARSI scores.

Distributions of TOMS scores were stratified for the corre-
sponding radiographic feature scores and, depending on the
number of OARSI stages (i.e., absent/present or 0—3), these were
compared by Mann—Whitney U or Kruskal—Wallis test, respec-
tively. Regarding the latter, if an overall difference was seen, pair-
wise comparisons were performed to investigate statistical
significance of differences between consecutive OARSI stages.
Similarly, osteophyte scores from both imaging methods were
compared to the presence of bony swelling palpated during phys-
ical examination of the thumb base.

All tests were two-tailed and P-values <0.05 were considered
statistically significant. Data were analysed using SPSS for Win-
dows, version 23.0 (IBM SPSS statistics, New York, USA).The asso-
ciations between TOMS and OARSI scores, and imaging and physical
examination of the thumb base, were further assessed by Spear-
man's rank (p) and Phi (¢) correlation coefficients: we considered
<0.20 poor, >0.20—<0.40 weak, >0.40—<0.60 moderate,
>0.60—<0.80 strong, and >0.80 excellent correlated. Since SPSS
does not readily provide users with confidence intervals (Cls) for
correlation coefficients, we applied the method described on the
IBM Support website'”. In short, we transformed the correlation
coefficient to a Fisher Z, calculated 95% CI limits for that Z, and then
transformed those limits back. Therefore, correlation Cls enclosing
zero indicate a P-value>0.05.

Results
Study population

MR imaging of the thumb base was performed in 202 patients,
two patients were excluded from analysis: one due to missing of a
hand radiograph and the other had undergone prior (anatomy
altering) thumb base surgery. The majority of the remaining 200
eligible patients fulfilled the ACR criteria for hand OA (89.5%), were
middle-aged (mean (SD) age 61.0 (8.4) years) and female (83.5%).
They reported a mean (SD) VAS right hand pain of 36 (21) mm.
During physical examination, 42% of the patients had tenderness on
palpation of their right thumb base and in 45% a bony swelling was
palpated; we found no soft swollen thumb bases.

Prevalence of imaging features

In Table I the prevalence of features for both MR imaging and PA
radiography are described. Due to technical problems with the
acquisition of fat sat MR images, BMLs could not be evaluated in five
patients. For all studied features a higher prevalence was found
with MR imaging compared to radiography. The most prominent
discrepancies between TOMS and OARSI prevalence were found for
erosions and osteophytes: an additional 96 out of 200 scored joints
(CMC-1) and 170 out of 400 scored joints (CMC-1 n = 79; STT
n = 91) were found positive with TOMS respectively, while for both
features only 1 OARSI-positive CMC-1 joint scored negative with

Table I
Prevalence of osteoarthritic features for radiography and MR imaging in 200 thumb
base joints of the right hand in patients with hand osteoarthritis

Feature Prevalence (score > 0)
On radiograph On MRI

Osteophytes

CMC-1 47.0% 86.0%

STT 5.5% 51.0%

TB* 47.5% 90.5%
JSN/CSL

CMC-1 39.5% 49.5%

STT 20.0% 40.5%

TB* 46.5% 59.0%
Erosions&cysts/SBDs

CMC-1 11.0% 58.5%

STT n.a. 53.0%

TB* n.a. 76.0%
Subchondral sclerosis/BMLs{

CMC-1 22.5% 49.2%

STT n.a. 48.7%

TB* n.a. 63.6%
Subluxation

CMC-1 15.0% 20.5%

" A feature is considered present in TB, when present in either or both joints.

f BMLs could not be scored in 5 TBs. BMLs = bone marrow lesions, CMC-1 = first
carpometa-carpal joint, CSL = cartilage space loss, JSN = joint space narrowing,
na. = not applicable, SBDs =  subchondral bone  defects,
STT = scaphotrapeziotrapezoid joint, TB = thumb base.

TOMS. On MR images osteophytes were detected in the vast ma-
jority of thumb bases: practically always the CMC-1 was affected,
while patients with isolated STT osteophytes were quite rare for
both TOMS (n = 9) and the OARSI (n = 1) scoring.

Correlations between TOMS and OARSI scoring systems

TOMS scores were significantly higher for thumb bases that
scored positive for the corresponding OARSI feature (p < 0.001),
with increasing TOMS scores for more severe radiographic stages
(stage Ovs 1,1 vs 2, 2 vs 3) of osteophytes (P-values <0.001, <0.001,
0.667) and JSN (P-values <0.001, 0.010, 0.355) in the CMC-1 joint
(Fig. 1).

We found significant correlations (coefficient [95%CI]) between
TOMS and OARSI scores for osteophytes in CMC-1 (p = 0.75 [0.69;
0.81]) and STT (p = 0.30[0.17; 0.42]) joints; between cartilage space
loss (CSL) and JSN in CMC-1 (p = 0.70 [0.62; 0.76]) and STT (p = 0.53
[0.42; 0.62]) joints; SBDs and erosions/cysts (p = 0.41 [0.29; 0.52]),
BMLs and subchondral sclerosis (p = 0.65 [0.56; 0.73]), and be-
tween TOMS and OARSI defined CMC-1 subluxation (¢ = 0.65 [0.57;
0.73]).

Correlations between osteophytes on imaging and physical
examination

Besides comparing both imaging modalities to one another, we
also compared both scoring systems to bony swellings felt during
palpation of the thumb base. Bony swelling was registered for the
thumb base as a whole; not for CMC-1 and STT joints separately.
The osteophyte CMC-1 joint scores of both OARSI and TOMS were
significantly higher in thumb bases with bony swellings compared
to those without (Fig. 2, panel A and B, p < 0.001 in both). The as-
sociations between visualized CMC-1 osteophytes and palpated
bony swelling are further supported by significant poor to weak
correlations of OARSI (p = 0.25 [0.12; 0.38]) and TOMS (p = 0.29
[0.16; 0.41]) scores.

At first glance, a similar relationship appears to be true for TOMS
osteophyte scores of the STT joint and bony swelling of the thumb
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Fig. 1. The distribution of thumb base OA MRI scoring system (TOMS) scores stratified for OARSI scores in 200 thumb base joints from hand OA patients. Boxplots show the
distributions of TOMS' osteophyte (A), cartilage space loss (B), subchondral bone defect (C), and bone marrow lesion (n = 195) (D) scores. Radiographic OARSI scoring of the STT joint
only exists for osteophytes (A2) and joint space narrowing (B2). Y-axes are scaled to the possible scoring range; whiskers represent total range, box reflects interquartile range, dot
signals median value. CMC1 = first carpometacarpal joint, OARSI = osteoarthritis research society international (radiographic atlas scoring), STT = scaphotrapeziotrapezoid joint,

TOMS = thumb base osteoarthritis magnetic resonance imaging (MRI) scoring system.

base (Fig. 2, panel C1, p = 0.059). However, when we, by stratifi-
cation, correct for the already demonstrated relationship between
thumb base bony swelling and CMC-1 osteophyte score, distribu-
tions of STT osteophyte TOMS scores are not different across cate-
gories (Fig. 2, panel C2, p > 0.999 for both strata); nor is the
distribution of OARSI osteophyte STT scores (p = 0.548, data not
shown). Again this is reflected by low, non-significant Spearman'’s
rank coefficients: p = 0.05 [-0.09; 0.18] and p = 0.13 [-0.005; 0.27]

for the correlation of bony swelling with OARSI and TOMS osteo-
phyte scores in STT, respectively.

Discussion
This study shows significant positive correlations between the

newly developed TOMS scores and radiographic OARSI scores for
corresponding OA features, indicating good construct validity of



472
A thumb base B
b 3- b
(6] [©]
=
5 5
2 24 2
< <
g o}
8 8
2] 1]
O 1 — o
%) (2]
[id =
< (@]
(@) =
0 T
absent present
n=110 n=90
Bony swelling
Cl thumb base
9-
5 5
) [
S 6- =
< <
. o
9o Q
9L L
1] n
te) o
o 31 0
S 5
= ~
0 T
absent present
n=110 n=90
Bony swelling

S. van Beest et al. / Osteoarthritis and Cartilage 27 (2019) 468—475

thumb base

1T I
44
—()—
24 @
0
absent present
n=110 n=90

C2

©
1

»
1

w
1

o
L

Bony swelling

thumb base

stratified for TOMS
osteophyte CMC1

0-1

:

e
absent present absent present
n=54 n=23 n=56 n=67
Bony swelling

Fig. 2. The distribution of osteophyte imaging scores stratified for the presence of bony swelling during physical examination of the thumb base. Boxplots show the distributions
of OARSI osteophyte scores of the CMC1 joint (A), and TOMS osteophyte scores of the CMC1 (B) and STT (C) joints; STT scores are further stratified for TOMS osteophyte CMC1
scores (C2). Y-axes are scaled to the possible scoring range; whiskers represent total range, box reflects interquartile range, dot signals median value. CMC1 = first carpome-
tacarpal joint, OARSI = osteoarthritis research society international (radiographic atlas scoring), STT = scaphotrapeziotrapezoid joint, TOMS = thumb base osteoarthritis MRI

scoring system.

TOMS in patients diagnosed with hand OA. Correlations between
TOMS and OARSI scores in the CMC-1 joint were stronger for
osteophytes and JSN than for erosions (0.75; 0.70; 0.41), which was
previously also shown for correlations between Oslo HOA MRI and
OARSI scores for these features in IP joints (0.53; 0.68; 0.32)*° in a
similar population of hand OA patients. In addition, osteophyte
scores from both MR imaging and radiography were positively
correlated with bony swelling of the thumb base as assessed by
physical examination.

We found an increased detection rate for osteophytes with MR
imaging compared to radiography. This finding is in accordance
with previous studies in knee OA?!, IP joint OA%°??, and veterinary
0A?3%% Javaid et al. scored MR images of 164 symptom free knees
without radiographic osteophytes according to the Whole-Organ
MRI Score (WORMS) and only one knee had no MR-detected
osteophytes. When comparing prevalence of radiographic osteo-
phytes (41%) in IP joints with the Oslo HOA scoring method for MR-
defined osteophytes (77%), a similar situation is apparent®’. Like-
wise, compared to the OARSI scoring method for CMC-1 osteo-
phytes, we found a higher prevalence of osteophytes using TOMS,
with relatively higher scores. Therefore, we hypothesize that MR
imaging has a better sensitivity to detect even small, subclinical
osteophytes that are missed with standard radiography scoring,
which is further emphasized by the findings on the associations

with physical examination. A popular interpretation for this better
sensitivity is the tomographic nature of MR imaging that is not
limited by superimposition of overlying structures®>2>. However,
another possible explanation is the lack of ossification in early stage
osteophytes”®, rendering them radiolucent. Therefore, longitudinal
thumb base imaging studies are required to investigate whether
the osteophytes that were solely detected with TOMS can predict
future radiographic or clinical progression, or whether they have no
further implications and might be considered to be merely back-
ground noise.

The plots in Fig. 1 show quite clearly that TOMS scores can
discriminate between the equivalent OARSI categories, which is
further supported by the outcome from formal non-parametric
testing of between-group differences. In light of these results, one
might expect to find higher values for the Spearman'’s correlation
coefficients, however this statistic is negatively influenced by the
high number of tied ranks in the data, which is inherent to the
ordinal nature of the scoring systems. When comparing only in-
dividuals with different OARSI scores, TOMS can reliably distin-
guish these differences in 66—83 percent of the cases (data not
shown).

Apart from a comparison between both scoring systems, we also
investigated the associations of osteophyte scores with the pres-
ence of bony swellings at physical examination. For the
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interphalangeal joint subset of hand OA, Cicuttini et al. demon-
strated a poor agreement between Heberden's nodes and distal
interphalangeal joint osteophytes detected with radiography?®’.
Thereafter, several others studied the relation between palpable
nodes and radiographic OA in finger joints?®>°, However, to our
knowledge, we are the first to investigate this relation between
osteophytes on imaging and bony swelling during physical exam-
ination of the thumb base joints. We found that thumb bases with
palpable bony swellings had significantly higher CMC-1 osteophyte
scores for both scoring methods; STT osteophyte scores did not
differ on the other hand. Possibly this indicates that the distal part
of the thumb base lends itself better to physical examination than
the proximal part. Another explanation could be that OA alters the
anatomy in such a way that CMC-1 osteophytes can be more easily
palpated than STT osteophytes, for example through the co-
occurrence of CMC-1 subluxation, with radial translation of the
base of the first metacarpal bone.

A strength of our study is the great number of patients studied
and the variety of thumb base OA disease stages. By including
patients with hand OA, but not necessarily thumb base OA, we
were able to compare scores for all stages of disease. Moreover,
thumb base OA often coincides with interphalangeal joint OA of
the fingers® and that is why our cohort reflects the intended
population for TOMS future use well. Finally, we used a radio-
graphic scoring method, the OARSI atlas, which grades each in-
dividual radiographic feature per joint separately, allowing us to
investigate associations for the different TOMS features with
corresponding OARSI features.

Several limitations of this study have to be considered. First, for
OARSI scoring only PA hand radiographs were used and, even
though this is in accordance with the OARSI atlas and standard
clinical practice, this might be less sensitive for examining thumb
base OA than using a protocol with two orthogonal planes or
additional views added, such as stress®*? and Robert's (i.e.,
hyperpronated hand position with anteroposterior beam)*>—3°
views. Second, OARSI CMC-1 scores were skewed: relatively small
group sizes for OARSI stages 2 and 3 resulted in low statistical
power to detect differences in TOMS scores between these stages.
Third, we possibly have misclassified cartilage loss by using a
suboptimal MR imaging protocol. The advised MR sequence best
used for TOMS cartilage assessment is a T1w fat sat 3D gradient-
echo (GRE) sequence“, because this allows for direct visualisation
of the cartilage. When unavailable, other sequences can be used to
assess loss of cartilage space, based on the inter-bone distance,
instead. Since 3D GRE sequences were not part of our MR imaging
protocol, we used CSL as substitute for true cartilage loss. Fourth,
BMLs can exclusively be seen on MR images, making a direct
comparison between both scoring systems impossible. Since pre-
vious studies linked BMLs to areas of sclerosis on histology'®'8, we
decided to compare TOMS BMLs with OARSI subchondral sclerosis
scores, which indeed showed a strong correlation. However, merely
based on this finding, it is impossible to determine whether both
scores truly reflect the same underlying physiological changes or
that these features just happen to often co-occur. Previous studies
also pointed out many other histologically and histomorpho-
metrically changes, that may underlie the MR detected BMLs'S.
Fifth, for the STT joint only osteophytes and JSN are scored
following the OARSI atlas, therefore we could not compare the
other TOMS features for this joint.

As mentioned before, longitudinal studies can help unravelling
the importance of radiographically undetected MR-defined
osteophytes, yet simultaneously should be used to assess the
reliability of TOMS change scores and its responsiveness, in order
for TOMS to possibly be recommended as a core instrument ac-
cording to the OMERACT filter’®. In addition to a longitudinal

approach, future studies to validate TOMS should also include
other imaging modalities, such as ultrasonography and computed
tomography, they should include a healthy control group, and
they should use appropriate MR sequences to compare all six,
including synovitis, TOMS features with the best other available
imaging technique. Alternatively, cadaveric studies could use
histology as a true golden standard, albeit only in a cross-sectional
design.
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