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A B S T R A C T

Objective: To perform region-based development of whole-body MRI through validation of knee region scor-
ing systems in spondyloarthritis (SpA).
Methods: Assessment of knee inflammatory pathologies using 2 systems, OMERACT MRI Whole-body score
for Inflammation in Peripheral joints and Entheses (MRI-WIPE) and Knee Inflammation MRI Scoring System
(KIMRISS), in 4 iterative multi-reader exercises.
Results: In the final exercise, reliability was mostly good for readers with highest agreement in previous exer-
cise. Median pairwise single-measure ICCs for osteitis and synovitis/effusion status/change were 0.71/0.48
(WIPE-osteitis), 0.48/0.77 (WIPE-synovitis/effusion), 0.59/0.91 (KIMRISS-osteitis) and 0.92/0.97 (KIMRISS-
synovitis/effusion). SRMs were 0.74 (WIPE-synovitis/effusion) and 0.78 (KIMRISS-synovitis/effusion).
Conclusion:MRI-WIPE and KIMRISS may both be useful in SpA whole-body evaluation studies.

© 2021 Elsevier Inc. All rights reserved.
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Introduction

Inflammation in peripheral joints and entheses is common in
spondyloarthritis (SpA) including psoriatic arthritis (PsA) [1,2].
Magnetic resonance imaging (MRI) allows detailed assessment of
inflammation in both soft tissue and bone [3,4], traditionally in a lim-
ited anatomical area. Whole-body MRI (WB-MRI) allows assessment
of the overall inflammatory status of arthritis patients, including
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joints and entheses [5,6], and is therefore well suited for assessment
of spondyloarthritides. The Outcome Measures in Rheumatology
(OMERACT) MRI Whole-body score for Inflammation in Peripheral
joints and Entheses (MRI-WIPE) has been developed and preliminar-
ily validated (construct validity, reproducibility and responsiveness)
for the entire body, including the knee, but not separately for the
knee joint region [7�9]. Detailed MRI scoring systems exist for heels
(OMERACT Heel Enthesitis MRI Scoring System (HEMRIS)) [10], hands
and feet (OMERACT Psoriatic Arthritis MRI Scoring System (PsAM-
RIS)) [11], but although knee arthritis is a key cause of functional
impairment, no detailed MRI scoring system for knee inflammation
in SpA has been published. In 2019, the international OMERACT MRI
in Arthritis Working Group decided to further develop and validate
WB-MRI in SpA by investigating methods, including MRI-WIPE, with
a modular, i.e. region-based, approach. The Knee Inflammation MRI
Scoring System (KIMRISS) is a granular (finely detailed) semiquanti-
tative scoring system developed and validated in patients with osteo-
arthritis (OA), in whom it showed good reliability for status and
change in bone marrow lesions [12].

We therefore aimed to investigate and compare MRI-WIPE and
KIMRISS for assessment of inflammation, i.e. osteitis (bone marrow
edema), synovitis and soft tissue inflammation in the knee region of
patients with SpA and evaluate interreader agreement for status and
change, responsiveness and correlation between the two methods.
Materials and method

Materials

From January to September 2020 radiologists and rheumatologists
from 7 countries participated in 4 web-based multi-reader exercises
applying MRI-WIPE and KIMRISS and 6 web-conferences. An online
real-time iterative calibration (RETIC) module for KIMRISS was avail-
able [13] along with online instructional presentations for MRI-WIPE.

In all exercises, anonymized whole-body MR knee images (i.e.
images obtained as part of a WB-MRI-examination, with lower reso-
lution than conventional dedicated MRI), blinded for chronology,
were uploaded to a web-based interface hosted securely by CARE
Arthritis, Edmonton, Canada, which displayed the images and data
entry schematics for WIPE-knee as well as superimposing interactive
overlays for evaluation using KIMRISS. Images were scored according
to the semiquantitative OMERACT MRI-WIPE system [7] and the
more detailed knee MRI scoring method KIMRISS [12] (Appendix) to
validate the scoring systems in accordance with the OMERACT Filter
(2.1) Instrument Selection Algorithm (OFISA) [14]. Images were
assessed independently by readers with varying expertise in MRI and
in the two scoring methods.

In exercise 1, performed to train inexperienced readers and iden-
tify pitfalls, sagittal T1-weighted (T1w) and short-tau inversion
recovery (STIR) knee images from 3 cases (axial SpA (axSpA)) were
evaluated by 12 readers (2/10 radiologists/rheumatologists).

In exercise 2, sagittal T1w and STIR knee images from 7 cases
(axSpA) were evaluated by 9 readers (1/8 radiologist/rheumatolo-
gists). Subsequently, difficulties and discrepancies were discussed
online to improve consensus and the KIMRISS method for measuring
synovitis/effusion was discussed and adapted to SpA. This adapted
consensus-based approach was applied in exercise 3 and 4 [15].

In exercise 3, sagittal T1w and STIR knee images of 11 cases with 2
timepoints (axSpA and PsA, 9 of 11 patients before and after initiation
of tumor necrosis factor (TNF) inhibitor) were evaluated by 9 readers
(2/7 radiologists/rheumatologists). For assessing the reliability
among more calibrated and experienced readers agreement was ana-
lysed for the 3 readers with the overall highest interreader agree-
ment. Subsequently, selected reference images for WIPE-knee were
discussed to obtain consensus.
In exercise 4, STIR/T2-weighted fat-suppressed (T2wFS) knee
images from 10 cases with timepoints before and after TNF inhibitor
(axSpA and peripheral SpA) and sagittal T1w post-gadolinium (post-
Gd) images reconstructed from axial Dixon sequences from 10 cases
with one timepoint (PsA) were evaluated by 9 readers (2/7 radiolog-
ists/rheumatologists). In all exercises, patients did not necessarily
have any baseline inflammation in the knee region.

Statistics

For exercises 3 and 4, agreement at lesion level (only possible for
MRI-WIPE) was assessed using Cohen’s kappa (kappa), quadratically
weighted [16] and agreement at patient level was assessed using sin-
gle measure intraclass correlation coefficient (ICC), two way mixed
model and absolute agreement definition [17,18]. The correlation
between WIPE-knee and KIMRISS was assessed using Spearman’s
rho. Wilcoxon signed-rank test and standardized response mean
(SRM) [19] were applied to evaluate changes between timepoints.
Statistical analyses were made in SPSS version 25.0 or R version
3.6.1; p<0.05 was considered statistically significant.

Results

Physicians from 7 countries participated in exercises and web-
meetings. Six out of the 12 readers who participated in exercises
completed the KIMRISS calibration modules before exercise 3. The
readers with overall highest interreader agreement in exercise 3 did
not finalize calibration modules prior to exercise 3 but were experi-
enced readers (1/2 radiologist/rheumatologist) and developers of the
scoring methods.

A modification of the KIMRISS synovitis/effusion assessment was
developed, discussed and finalized before exercise 3. Using this, syno-
vitis/effusion was measured in a predefined area (Fig. 1) on consecu-
tive slices of fluid-sensitive sequences as the largest diameter
perpendicular to the longest axis of the largest focus of synovial
fluid/thickening.

In exercise 3, interreader reliability between reader pairs for sta-
tus and change in sum scores varied from poor to good for both
methods (Table 1). Large variation was seen between reader pairs
and mean pairwise interreader single-measure ICCs and kappas
improved markedly when looking at mean ICCs from the 3 readers
with overall highest interreader ICCs in exercise 3.

In exercise 4, agreement (ICC and Kappa) between reader pairs
also improved markedly when looking at the 3 readers with highest
interreader agreement in exercise 3. Single-measure ICCs varied from
poor to very good for osteitis and synovitis/effusion for status and
change and were 0.71/0.48 (WIPE-knee osteitis), 0.48/0.77 (WIPE-
knee synovitis/effusion), 0.59/0.91 (KIMRISS osteitis) and 0.92/0.97
(KIMRISS synovitis/effusion) (Table 1). ICCs were most often numeri-
cally higher for KIMRISS.

Regarding responsiveness the Wilcoxon signed-rank test in exer-
cise 4 showed a significant change between timepoints in synovitis/
effusion for both WIPE-knee and KIMRISS (Table 2). SRM for synovi-
tis/effusion was moderate for both MRI-WIPE and KIMRISS (0.74 and
0.78) and lower for osteitis. The two methods correlated significantly
regarding status for osteitis and synovitis/effusion and for change in
synovitis/effusion.

Discussion

In this OMERACT study a modular approach to WB-MRI was
applied. Inflammation in the knee region was assessed in patients
with SpA using the 2 different scoring methods, MRI-WIPE and KIM-
RISS. The study showed mostly good agreement for status and change
in osteitis and good to very good agreement for status and change in
synovitis/effusion, numerically highest for KIMRISS. The KIMRISS



Fig. 1. KIMRISS reader rules for assessment of knee synovitis/effusion. KIMRISS, Knee Inflammation MRI Scoring System; STIR, short-tau inversion recovery; T2wFS, T2-weighted
fat-supressed; T1w post-Gd, T1-weighted post-gadolinium.
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method for assessment of synovitis/effusion was further developed
and improved through consensus-based discussions in the OMERACT
MRI in Arthritis Working Group.

This is the first study of KIMRISS outside OA. Also, this is the first
study where the OMERACT MRI-WIPE is used to evaluate individual
regions on WB-MRI, i.e. a modular approach. Large variation was
seen between reader pairs, but the methods seemed reliable and sen-
sitive to change among experienced and well-calibrated readers.

It should be noticed thatWIPE-knee and KIMRISSmeasure 2 different
things. KIMRISS provides granular assessment of osteitis and synovitis/
effusion in the knee joint itself, which may contribute to a higher repro-
ducibility and responsiveness, and does not consider entheseal regions.
In contrast WIPE-knee provides a less granular assessment of soft tissue
and bone marrow inflammation at the knee joint, but adds assessment
of entheses such as quadriceps and patella tendon insertions. Since
enthesitis is an important domain in PsA/SpA, its assessment is an advan-
tage of WIPE. Thus, the methods cannot be directly compared and are
complementary rather than competing.

Limitations in our study include the relatively low number of
cases. Moreover, the cases varied regarding follow-up time and did
not necessarily have inflammation in the knee region. This may influ-
ence the responsiveness of the measures. Especially in exercise 4 the
observed range of scores for osteitis was low compared to the maxi-
mum possible score and only minimal change over time was seen.
This would tend to cause lower ICCs. It would have been optimal to
have images with more synovitis/effusion, osteitis and change over
time. However, the image material available was limited and did not
allow us to choose an optimal sample collection. STIR images were
used in the first exercises while T2wFS and T1w post-Gd images
were also used in exercise 4 potentially influencing reader agree-
ment, particularly for less experienced readers. Furthermore, there
was a large variation in experience of readers and not all completed
the KIMRISS calibration modules available. This was not considered
mandatory, since the study was preliminary. Going forward and in
order to optimize reader performance, a reference atlas for WIPE-
knee and obligatory completion of prespecified calibration exercises
should be included in future developments.

To summarize, two complementary semiquantitative MRI scoring
systems, MRI-WIPE and KIMRISS, allow assessment of knee-region
inflammation in patients with SpA including PsA. The methods
showed mostly good to very good agreement between reader pairs
and acceptable sensitivity to change. Our results imply that careful
attention to reader calibration is necessary to optimize performance.

In conclusion, assessment of inflammation in the knee region is an
important part of WB-MRI interpretation in spondyloarthritis. WIPE-
knee and KIMRISS are promising tools for further validation and use
in randomized controlled trials in SpA including PsA.
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Table 1
MRI-WIPE knee and KIMRISS interreader reliability for exercises 3 and 4.

MRI-WIPE Knee KIMRISS

Osteitis Synovitis/effusion Osteitis Synovitis/effusion

No. patients
(cases)

Type of
score

Mean score ICC Kappa Mean score ICC Kappa Mean score ICC Mean score ICC

Exercise 3
(9 readers)

11 Status 3.6 (0�16) 0.57 (�0.06�0.98) 0.39 (0.04�0.74) 1.8 (0�4) 0.47 (0.05�0.85) 0.44 (0.03�0.77) 32.3 (1�224) 0.87 (0.66�0.99) 29.9 (11�60) 0.34 (�0.62�0.87)

11 Change 1.1 (�2�6) 0.53 (0.03�0.90) 0.26 (�0.08�0.50) 0 (�2�1) 0.32 (�0.13�0.76) 0.16 (�0.13�0.64) 27.7 (�9�131) 0.58 (�0.30�0.96) �1.6 (�33�11) 0.48 (�0.32�0.95)
Exercise 3

(3 readers)
11 Status 3.1 (0�16) 0.83 (0.71�0.97) 0.65 (0.55�0.74) 2.5 (0�5) 0.59 (0.51�0.71) 0.57 (0.48�0.68) 34.4 (0�233) 0.89 (0.83�0.99) 36.5 (16�78) 0.59 (0.08�0.86)

11 Change 0.9 (�3�6) 0.72 (0.57�0.83) 0.38 (0.33�0.40) 0 (�2�1) 0.63 (0.49�0.76) 0.53 (0.41�0.64) 19.3 (�23�86) 0.46 (0.18�0.83) �1.8 (�45�17) 0.89 (0.82�0.95)
Exercise 4

(9 readers)
10 (1�10) Status 3.5 (0�7) 0.62 (�0.01�0.87) 0.47 (0.06�0.76) 2.0 (0�4) 0.44 (0.21�0.79) 0.48 (0.17�0.83) 14.0 (0�29) 0.56 (0.07�0.94) 63.5 (1�122) 0.56 (0.01�0.97)

10 (11�20) Status 2.3 (0�7) 0.44 (�0.20�0.93) 0.34 (0.12�0.58) 2.3 (1�4) 0.41 (�0.03�0.83) 0.54 (0.25�0.82 16.3 (1�66) 0.32 (�0.14�0.92) 47.7 (25�76) 0.51 (�0.02�0.98)
10 (11�20) Change �0.25 (�4�5) 0.38 (�0.35�0.94) 0.15 (�0.01�0.76) �1.0 (�3�1) 0.30 (�0.43�0.89) 0.43 (0.08�0.90) �0.45 (�37�65) 0.26 (�0.86�0.97) �14.7 (�48�0.20) 0.48 (�0.39�0.99)
20 (1�20) Status 2.9 (0�7) 0.50 (�0.01�0.84) 0.42 (0.25�0.64) 2.1 (0�4) 0.44 (�0.21�0.79) 0.52 (0.33�0.68) 15.2 (0�66) 0.35 (�0.04�0.89) 55.6 (1�122) 0.54 (0.01�0.96)

Exercise 4
(3 readers)

10 (1�10) Status 3.1 (0�6) 0.80 (0.68�0.87) 0.70 (0.68�0.71) 2.5 (0�5) 0.42 (0.35�0.56) 0.41 (0.31�0.54) 11.7 (0�29) 0.54 (0.38�0.85) 82.8 (1�153) 0.90 (0.86�0.93)

10 (11�20) Status 1.5 (0�6) 0.62 (0.43�0.74) 0.37 (0.30�0.48) 2.8 (0�5) 0.58 (0.32�0.83) 0.55 (0.33�0.80) 11.0 (0�36) 0.63 (0.45�0.89) 55.9 (29�93) 0.90 (0.85�0.98)
10 (11�20) Change 0.2 (�2�6) 0.48 (0.16�0.66) 0.33 (0.24�0.48) �1.4 (�5�0) 0.77 (0.70�0.82) 0.76 (0.69�0.85) 5.8 (�27�111) 0.92 (0.90�0.94) �20.7 (�65�28) 0.97 (0.96�0.98)
20 (1�20) Status 2.3 (0�6) 0.71 (0.60�0.80) 0.59 (0.54�0.64) 2.7 (0�5) 0.48 (0.42�0.57) 0.49 (0.43�0.57) 11.4 (0�36) 0.59 (0.39�0.71) 69.4 (1�153) 0.91 (0.87�0.93)

Sum scores are mean (range) of the patients scores (each patient�s score is the average of the scores assigned to that patient). MRI-WIPE knee range for osteitis is 0�60 and for synovitis/effusion 0�6 [7]. KIMRISS osteitis total range is 0�500
and range for synovitis/effusion is 0�100 [12,13]. ICC values are mean (range). ICC is 2-way mixed model, single measure, by absolute agreement. ICC values �0.49 were considered as poor, 0.50�0.79 as good, �0.80 as very good reliability.
Kappa values are mean (range). Scorings at lesion level were assessed using Cohen’s kappa, quadratically weighted. Kappa 0�0.20 was considered as no agreement, 0.21�0.39 as slight, 0.40�0.59 as weak, 0.60�0.79 as moderate,
0.80�0.90 as strong and >0.90 as almost perfect agreement [16]. Readers: IE+, MW, MØ*, PB, SJP, WPM* (all exercises), RGWL+*, VF (exercise 1, 3, 4), MSS (exercise 1, 2, 4), AJM (exercise 1�3), SK (exercise 1, 2), FG (exercise 1).+Musculoskel-
etal radiologist. *the readers with overall highest agreement in Exercise 3 (MØ, RGWL, WPM).
ICC, intraclass correlation coefficient; Kappa, Cohen’s Kappa, quadratic weighted; KIMRISS, Knee Inflammation MRI Scoring System; MRI-WIPE, OMERACT MRI Whole-body score for Inflammation in Peripheral joints and Entheses in inflam-
matory arthritis.
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Table 2
Sensitivity to change and correlation between methods in exercises 3 and 41.

Exercise 3 Baseline Follow-up Change p-value SRM

MRI-WIPE knee
Osteitis 3.1 (4.96) 4.0 (4.77) 0.9 (2.44) 0.089 0.37

Synovitis/effusion 2.5 (1.39) 2.5 (1.41) 0.0 (0.99) 0.671 0.03
KIMRISS

Osteitis 34.4 (68.35) 53.7 (77.21) 19.3 (33.56) 0.066 0.57
Synovitis/effusion 36.5 (16.1) 34.7 (12.59) �1.8 (15.90) 0.756 0.11

Correlation MRI-WIPE vs. KIMRISS
Osteitis 0.75** (0.008) 0.97*** (<0.001) 0.85** (0.001) � �

Synovitis/effusion 0.92*** (<0.001) 0.94*** (<0.001) 0.88*** (<0.001) � �
Exercise 4

MRI-WIPE knee
Osteitis 1.5 (2.14) 1.7 (2.14) 0.2 (2.20) 0.720 0.10

Synovitis/effusion 2.8 (1.50) 1.5 (0.91) �1.4 (1.84)* 0.035 0.74
KIMRISS

Osteitis 11.0 (12.17) 16.8 (35.81) 5.8 (38.31) 0.463 0.15
Synovitis/effusion 55.9 (22.06) 35.2 (13.28) �20.7 (26.63)* 0.028 0.78

Correlation MRI-WIPE vs. KIMRISS
Osteitis 0.92*** (<0.001) 0.98*** (<0.001) 0.34 (0.332) � �

Synovitis/effusion 0.89** (0.001) 0.67* (0.036) 0.89*** (<0.001) � �
Data are shown as mean (SD) and correlation coefficient (p-value). Comparisons of status scores at baseline and follow-up
for cases with two timepoints were calculated with Wilcoxon signed-rank test. Spearman Rank Correlation analysis of
MRI-WIPE variables versus KIMRISS variables were done for baseline and change. Standardized response mean (SRM) was
calculated as mean change score divided by standard deviation (SD) of the change score and interpreted as follows: no:
<0.20; small: �0.20 and <0.50; moderate: �0.50 and <0.80; large �0.80 [19]. *p<0.05, **p<0.01, ***p<0.001. KIMRISS,
Knee Inflammation MRI Scoring System; MRI-WIPE, OMERACT MRI Whole-body score for Inflammation in Peripheral
joints and Entheses in inflammatory arthritis; SRM, standardized response mean.

1 Values are shown for the 3 readers with overall highest interreader agreement in exercise 3 (WPM, RGWL, MØ).
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Fig. A.1. MRI-WIPE schematic and scoring ranges for the knee region (upper row), from Krabbe et al. [7]., and a schematic drawing of the principle of scoring osteitis and soft tissue
inflammation using MRI-WIPE (lower row), illustrated with the tibial insertion of the patellar ligament (sagittal whole-body MR image of the knee region shown to the left). Using
MRI-WIPE osteitis is assessed in the bone from the articular surface/entheseal insertion to a depth of 1 cm on all available images (as shown in the schematic of the tibial insertion
of the patellar ligament). The osteitis grading scale is 0�3 based on the proportion of bone with edema, compared to the “assessed bone volume”, judged on all available images: 0:
normal; 1: mild (1�33% of bone oedematous); 2: moderate (34�66% of bone oedematous); 3: severe (67�100% of bone oedematous). Soft tissue inflammation is assessed inside
the ligament/tendon and its immediate surroundings to 1 cm from the entheseal insertion: 0: normal; 1: mild; 2: moderate; 3: severe � by thirds of the maximum potential volume
of inflammatory tissue. Synovitis is assessed in the entire synovial compartment on all available images: 0: normal; 1: mild; 2: moderate; 3: severe � by thirds by thirds of the max-
imum potential volume of enhancing tissue in the synovial compartment [7].
F-L: femur-lateral; F-M: femur-medial; LFC: lateral femoral condyle; MFC: medial femoral condyle; MR: magnetic resonance; MRI-WIPE, OMERACT MRI Whole-body score for
Inflammation in Peripheral joints and Entheses in inflammatory arthritis; OST, osteitis; PTP: patellar tendon insertion into patella; PTTT: patellar tendon insertion into tibial tuber-
osity; QFTP: quadriceps femoris tendon insertion into patella; STI, soft tissue inflammation; SYN, synovitis; T-L: tibia-lateral; T-M: tibia-medial.

Fig. A.2. Sagittal whole-body MR image of a knee with the web-based superimposed interactive overlays positioned for femur, tibia and patella used in KIMRISS for osteitis scoring.
Osteitis is scored on consecutive sagittal slices through the knee joint. The overlays are moved by the reader to fit bone at three sites for the femur and tibia (central slice and medial
and lateral compartment). The position of the overlay is then automatically adjusted to best fit for other images slices. The overlay separates subarticular bone into approximately
1 £ 1 cm regions. On each slice, the reader clicks each area with osteitis and sum scores of these regions are automatically calculated and adjusted for the scoring range of each
region (total scoring range 0�500) [12, 13].
KIMRISS, Knee Inflammation MRI Scoring System; MR, magnetic resonance.
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