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Purpose: To investigate the diagnostic performance of sacroiliac joint (SIJ) magnetic resonance imaging
(MRI) and the incremental value of spine MRI to “predict” clinical disease activity in patients with axial
spondyloarthritis (axSpA).
Materials and methods: This cross-sectional study included adult patients with known axSpA according
to the SpondyloArthritis International Society (ASAS) classification criteria, radiological arm. MRI disease
activity was scored semi-quantitatively for SIJ and total spine MRI in each patient. Two cut-off levels
(> 1.3 and > 2.1) for ankylosing spondylitis disease activity score with C-reactive protein (ASDAS-CRP)
were considered for clinical disease activity categorization. MRI scores were first evaluated individually.
Then, SIJ score was combined with the score from a spine segment (lumbar, cervical, thoracic or total
spine) to build a bi-parametric model using a classification tree. Receiver operating characteristic (ROC)
curves were constructed to evaluate the classification performance according to disease activity category
of these models.
Results: Forty-four patients (30 men, 14 women; mean age, 37 years =+ 10 [SD] [range: 17-64 years])
with a mean disease duration of 5 years + 8 (SD) (range: 0-35 years) were included. Thirty-six patients
(36/44; 82%)had ASDAS-CRP > 1.3 and 27 patients (27/44; 61%) had ASDAS-CRP > 2.1. The most frequently
involved spinal segment was mid-thoracic (T7-T8). The SI MRI score was an informative model to identify
active axSpA (AUC > 0.7, regardless of the cut-off level on ASDAS-CRP). Performance of bi-parametric
models based on “SIJ + thoracic spine” (for detecting patients with ASDAS-CRP > 1.3) or “SIJ + total spine”
(for detecting patients with ASDAS-CRP > 2.1) outperformed that of the individual SIJ score (P<0.05).
Conclusion: The combination of MRI of the SIJ and spine allows to accurately discriminate between active
and inactive axSpA, outperforming SIJ MRI alone.

© 2020 Published by Elsevier Masson SAS on behalf of Société francaise de radiologie.

1. Introduction

Axial spondyloarthritis (axSpA) is a chronic inflammatory
rheumatic disease that mainly affects the axial skeleton. To date,

Abbreviations: ASAS, Spondyloarthritis International Society; ASDAS-CRP, anky-
losing spondylitis disease activity score C-reactive protein; AUC, area under the ROC
curve; axSpA, axial spondyloarthritis; BASDAI, ankylosing disease activity index;
BME, bone marrow edema; CI, confidence interval; F, frequency of involvement;
MRI, magnetic resonance imaging; PGA, patient global assessment; ROC, receiver
operating characteristic; SD, standard deviation; SIJ, sacroiliac joint; STIR, short-tau
inversion recovery.
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there is no ‘gold standard’ for measuring disease activity in an indi-
vidual patient [1]. In daily clinical practice, evaluation of disease
activity in patients with axSpA may be challenging when patient
reported measures (visual analogic scale of pain, stiffness, and
fatigue) of disease activity do not match with evaluation by the
rheumatologist [2]. As a result, magnetic resonance imaging (MRI)
of the sacroiliac joints (SI]) and spine has gained an increased role as
ahelpin therapeutic decisions in clinical practice and in monitoring
treatment efficacy in trials [3,4].

MRI of the SIJ is validated by the SpondyloArthritis International
Society (ASAS) as a major classification criteria that helps identify
patients with axSPA [5]. MRI of the spine has been recently eval-
uated as being of limited additional value for testing the presence
or absence of axSPA in an individual patient [6]. Yet, the question
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remains whether SIJ MRI provides the necessary and sufficient
information on disease activity at the imaging level, or whether
combination with MRI of the spine could be of added value. This
question has not been analyzed before. The answer to this question
is important to confirm the potential of MRI for evaluating disease
activity and to determine the choice of regions that should be the
main targets of MRI in patients with axSpA in daily practice or in
clinical studies.

The purpose of this study was to investigate the performance of
MRI scores determined in the SIJ and different anatomical segments
of the spine (lumbar spine, cervical spine, thoracic spine, total
spine), individually and combined together within bi-parametric
models, for “predicting” clinical disease activity in patients with
axSpA.

2. Materials and methods
2.1. Patients

We reviewed all medical files of patients in our axSpA Clinic from
January 2012 until December 2018 inclusively to identify patients
meeting the following criteria. Patients were included in this study:

(i) if they were aged > 18 years;
(ii) ifthey had a known diagnosis of ankylosing spondylitis accord-
ing to the ASAS criteria, radiological arm;

(iii) if both SIJ and total spine MRI, as well as the calculated ankylos-
ing spondylitis disease activity score with C-reactive protein
(ASDAS-CRP) were available in their medical file and were
obtained with an interval <3 months;

if they were on stable treatment between the clinical and the
MRI assessment. Patients were excluded when they had a previous
history of disc herniation or of spine or bony pelvis surgery that
could interfere with the evaluation of axSpA.

2.2. Clinical and biological data

During the review of the medical files, data about demographi-
cal characteristics and laboratory parameters including age, gender,
disease duration, medication, HLA B27 status and CRP level were
recorded. Bath Ankylosing Disease Activity Index (BASDAI) scores,
individual BASDAI questions and Patient Global Assessment (PGA)
were collected. Pelvic and SI] radiographs were reviewed by one
expert radiologist blinded for review, and categorized according to
the modified New York criteria [7]. ASDAS-CRP was used as refer-
ence standard for evaluating clinical disease activity. Two validated
cut-off levels were considered: > 1.3 (separating ‘inactive disease’
from ‘active disease’ which includes low, high and very high activ-
ity) and > 2.1 (separating ‘inactive and low disease activity’ from
‘high and very high disease activity’) [8]. Cut-offs were selected
according to the European League against rheumatism guidelines
for tapering (ASDAS < 1.3) or intensifying treatment (ASDAS > 2.1)
in accordance with the rheumatologist’s opinion [4].

2.3. Image analysis

MRI examinations were performed on a 3.0T MRI magnet
(Philips Healthcare). The protocol included coronal oblique T1-
weighted and short tau inversion recovery (STIR) images of the
SIJ and sagittal T1-weighted and STIR images of the whole spine.
Detailed sequence parameters can be found in Table 1.

MRI disease activity was evaluated by an expert radiologist,
who was blinded to the patients’ information. The spine was ana-
lyzed using the Berlin method, grading the extent of bone marrow
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Table 1
MRI sequence parameters of spine and sacroiliac joint examinations at 3T.
Spine Sacroiliac joint
T1 STIR T1 STIR
Plane Sagittal Sagittal Coronal Coronal
oblique oblique
FOV (cm) 340 340 240 240
Slice thickness (mm) 3.5 3.5 3.0 3.0
Gap (%) 0.35 0.35 0.3 0.3
Number of slices 17 17 22 22
TR (ms) 710 3070 570 3700
TE (ms) 10 62 94 48
TI (ms) - 200 - 200
Echo train lenght 2 13 3 16
NEX 1 1 2 2
Duration (min.sec) 2x205 2x241 212 3.07

SIJ: sacroiliac joint; STIR: short tau inversion recovery; FOV: field of view; TR: rep-
etition time; TE: echo time; TI: inversion time; NEX: number of excitations.

oedema (BME) suggestive of axSPA from O (no involvement) to 3
(>50% of the area) in each of the 23 discovertebral units from C2/C3
to L5/S1, resulting in a score ranging from 0 (minimal value) to
69 (maximal value) [9]. A discovertebral unit was represented by
the area defined by 2 imaginary horizontal lines through the mid-
dle plane of adjacent vertebras and was assessed on sagittal MRI
images. Segmental MRI scores were calculated for the lumbar spine
(L1/L2 to L5/S1, range 0-15), the thoracic spine (T1/T2 to T12/L1,
range 0-36) and the cervical spine (C2/C3 to C7/T1, range 0-18).
The global score described by Rudwaleit et al. was used to quan-
tify BME in the SIJ [9]. Each sacral and each iliac aspect of both SIJ
were scored on a coronal oblique view from 0 to 3 (for none, little,
moderate or severe inflammation) with a maximum possible score
of 12 (range 0-12). The Berlin MRI spine score and the SIJ scoring
system show excellent interobserver reproducibility [10,11].

2.4. Statistical analysis

Mean values (or median values when data distribution was not
normal according to the Kolmogorov-Smirnov test [12]) with their
standard deviation (SD) and range [min-max] were reported for
quantitative variables.

Frequency of involvement of each discovertebral segment was
investigated. Potential differences in frequency between segments
were investigated using mid-P approach or Fisher’ exact test [13].

Correlations between MRI scores and markers of disease activity
(CRP, BASDAI, PGA, ASDAS-CRP) were searched for using Pear-
son correlation coefficient or Spearman rank coefficient when
data distribution was not normal. Strength of the correlation was
interpreted as follows: strong (r>0.9), substantial (0.7 <r<0.9),
moderate (0.5 <r<0.7) or weak (r<0.5).

In the assessment of the disease activity by imaging, MRI scores
from the SIJ, lumbar spine, cervical spine, thoracic spine and total
spine were first evaluated individually as mono-parametric mod-
els. In a second step, the SIJ score was combined with the score
obtained for each spine segment and for the total spine to con-
stitute a bi-parametric model using a classification tree [14]. The
classification performance of the mono- and bi-parametric models
was evaluated in reconstructing the receiver operating character-
istic (ROC) curve associated to each of these models for 2 different
cut-off values of ASDAS-CRP (active disease [i.e., ASDAS-CRP > 1.3]
vs. inactive disease [i.e., ASDAS-CRP > 1.3] and high or very high
disease activity [i.e., ASDAS-CRP > 2.1] vs. inactive or low disease
activity [i.e., ASDAS-CRP<2.1]) [15].

True positives (TP), true negatives (TN), false positives (FP),
false negatives (FN), sensitivity (Se) and specificity (Sp) along with
their 95% confidence intervals (CIs) were calculated. Area under the
ROC curves (AUC) and the optimal cut-off value (according to the
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Fig. 1. Study flow chart.

Youden index) were built for the models. The level of performance
of the models was interpreted according to AUC value as follows:
AUC=>0.9: very informative model, 0.9>AUC>0.7: informative
model, 0.7 >AUC > 0.5: relatively uninformative model. Finally, a
pairwise comparison of AUCs was performed in order to rank the
models according to their level of classification performance [16].

A P value<0.05 was regarded as statistically significant for
all tests cited above. All analyses were performed using StatsDi-
rect statistical software version 2.7.8 (http://www.statsdirect.com/
). The function classregtree from Matlab software version R2017a
(http://www. mathworks.com) was used to optimize the classifi-
cation tree for assessing disease activity by imaging from combined
MRI scores (with equal prior probabilities for both classes of dis-
ease activity, ‘inactive disease’ versus ‘active disease’ when using an
ASDAS-CRP > 1.3, and ‘inactive or low disease activity’ versus ‘high
or very high disease activity when using an ASDAS-CRP > 2.1).

3. Results
3.1. Descriptive measurements

Based on our inclusion and exclusion criteria, 44 patients were
included in this study (Fig. 1). There were 30 men and 14 women.
Thirty-six patients had an ASDAS-CRP > 1.3 and 27 had an ASDAS-
CRP > 2.1. Demographical, clinical and radiological data are given
in Table 2. Patient disease activity levels did not differ in terms of
male/female ratio, age, radiographic sacroiliitis or disease duration
(all Pvalues>0.05), regardless of the cut-off level on ASDAS-CRP.

Frequency of involvement (F) of each discovertebral segment is
displayed in Fig. 2. The most frequently affected segment was T7-T8
(22/44; F=50%) patients. Frequency of involvement in the thoraco-
lumbar junction (from T10-T11 to L1-L2) and L3-L4 was between
50% and 40%. Less affected segments were the cervical spine (C2-
C3 to C7-T1), the upper (T1-T2 to T6-T7) and lower (T8-T9, T9-T10)
thoracic spine, the L2-L3 level, and the lower lumbar spine (L4-L5
and L5-S1) (F<40%).

Correlations between individual MRI scores (SIJ, lumbar, tho-
racic, cervical and total spine) and measures of clinical disease

Table 2
Demographic, clinical and MRI characteristics of 44 patients with axial
spondyloarthritis.

Demographic parameters

Gender
Male 30/44 (68%)
Female 14/44 (32%)
Age (years) 37+10([17-64]
Disease duration (years) 5+8[0-35]
Age of onset (years) 27+11[11-56]
HLA B27 positive 34/44 (77%)
Radiographic sacroiliitis according to New 36/44 (82%)
York criteria
Current treatment
None 7144 (16%)
NSAID 31/44 (70%)
ATNF of AIL17 6/44 (14%)
Clinical parameters
Serum CRP level (mg/L) 10+11[1-50]
CRP > 5mg]l 21/44 (48%)
BASMI (0-10) 1.0+ 1.4[0-5]
BASFI (0-10) 3.242.5[0-10]
BASDAI (0-10) 43+2.3[0-10]
Patient global assessment (0-10) 4.6+3.0[0-9]
ASDAS-CRP (total) 2.6+1.2[0.8-5.8]
ASDAS-CRP>1.3 36/44 (82%)
ASDAS-CRP > 2.1 27/44 (61%)
MRI scores
Global MRI score for SIJ (0-12) 4.1+3.2[0-12]
Berlin MRI spine score -
Total spine (0-69) 7.5+6.5[0-23]
Lumbar spine (0-15) 2.1+1.9[0-6]
Thoracic spine (0-36) 47+4.4[0-16]
Cervical spine (0-18) 0.7+1.1[0-4]
Delay between MRI & clinical scoring (days) 28 +21[0-80]

Quantitative variables are reported as mean+standard deviation; numbers in
brackets are ranges. Qualitative variables are expressed as proportions; numbers in
parentheses are percentages. NSAIDs: nonsteroidal anti-inflammatory drugs; ATNF:
anti-tumor necrosis factor; AIL-17: anti-interleukin-17 monoclonal antibody; CRP:
C-reactive protein; BASMI: bath ankylosing spondylitis metrology index; BASFI:
bath ankylosing spondylitis functionnal index; BASDAI: bath ankylosing spondyli-
tis disease activity index; ASDAS-CRP: ankylosing spondylitis disease activity score
C-reactive protein; MRI: magnetic resonance imaging; SIJ: sacroiliac joints.
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Fig. 2. Graphshows distribution (frequency) of spinal lesions in 44 patients with axial spondyloarthritis according to MRI. Significant differences in frequencies were observed

between segment T7-T8 and segments * (Fisher exact test, P<0.05).

activity are reported in Table 3. Although statistically significant
correlations were observed (mainly between SIJ score and ASDAS-
CRP, CRP, and BASDAI-Question 2 values, i.e., axial pain), the
strength of these correlations were moderate at best.

3.2. Performances of individual MRI scores

The level of performance of the mono-parametric models to
classify the patients according to their clinical disease activity level
is reported in Table 4 and Fig. 3. Considering a cut-off level on
ASDAS-CRP > 1.3, the performance of the MRI scores (based on AUC
value) ranged fromrelatively uninformative (cervical spine, lumbar
spine, total spine) to informative (thoracic spine, SIJ). In considering
a cut-off level on ASDAS-CRP > 2.1, the classification performance

of the MRI scores ranged from relatively uninformative (lumbar
spine, total spine, cervical spine, thoracic spine) to informative (SIJ).
The mono-parametric analyses showed that using a threshold score
of either 4 or 6, SI] MRI had a specificity of 100% (95%CI: 63-100%),
hence allowing the correct identification of patients with active dis-
ease (ASDAS-CRP > 1.3) and of those with high or very high disease
activity (ASDAS-CRP > 2.1).

3.3. Performances of combined MRI scores

Two examples of bi-parametric model using a classification tree
are shown on Figs. 4 and 5. The level of performance of these mod-
els is reported in Table 5 and Fig. 3. The performance of these
models to predict clinical disease activity was at least informative,
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Table 3
Correlations observed between clinical measurements of disease activity and mono-parametric models based on individual MRI scores.
MRI scores ASDAS-CRP CRP PGA BASDAI BASDAI-Q2
r (95% CI) 1 (95% CI) 1 (95% CI) 1 (95% CI) 1 (95% CI)
P-value P-value P-value P-value P-value
NI 0.50 (0.24; 0.69)? 0.52(0.27; 0.71)" 0.46 (0.19; 0.67)* - 0.31(0.02; 0.56)*
0.001 0.000 0.002 0.055 0.039
Lumbar spine - - - - -
0.845 0.385 0.839 0.675 0.692
Thoracic spine 0.31(0.01; 0.56)° 0.47 (0.20; 0.67)° - - -
0.041 0.001 0.134 0.875 0.210
Cervical spine - - - - -
0.055 0.056 0.083 0.384 0.305
Total spine - 0.40 (0.12; 0.63)° - - -
0.097 0.007 0.227 0.286 0.190

MRI: magnetic resonance imaging; ASDAS-CRP: ankylosing spondylitis disease activity score C-reactive protein; CRP: C-reactive protein; PGA: patient global assessment;
BASDALI: bath ankylosing spondylitis disease activity index; BASDAI-Q2: bath ankylosing spondylitis disease activity index question 2 (axial pain); SIJ: sacroiliac joint.

Correlations range from weak to moderate.
2 Pearson correlation coefficient.
b Spearman correlation coefficient

Table 4
Levels of performance of mono-parametric models based on individual MRI scores using 2 different cut-off levels of ASDAS-CRP.
Model Cut-off TP N FP FN Se (%) (95% CI) Sp (%) (95% CI) AUC (95% CI) P-value
ASDAS>1.3
S| >4 16 8 0 20 44 (28; 62) 100 (63; 100) 0.70(0.55; 0.83) 0.011
Lumbar spine - - - - - - - 0.62 (0.46; 0.76) 0.190
Cervical spine - - - - - - - 0.57 (0.42; 0.72) 0.388
Thoracic spine >0 32 4 4 4 89 (74;97) 50 (16; 84) 0.74 (0.59; 0.86) 0.016
Total spine >5 21 7 1 15 58 (41; 75) 88 (47; 100) 0.68 (0.53; 0.81) 0.046
ASDAS > 2.1
SIJ >6 10 17 0 17 37(19; 58) 100 (81; 100) 0.72 (0.56; 0.84) 0.006
Lumbar spine - - - - - - - 0.55(0.39; 0.70) 0.578
Cervical spine >1 9 16 1 18 33(17; 54) 94 (71; 100) 0.66 (0.50; 0.79) 0.017
Thoracic spine >1 22 8 5 81(62; 94) 53(28;77) 0.68 (0.52; 0.81) 0.038
Total spine - - - - - - - 0.65 (0.49; 0.79) 0.081

Receiver operating characteristic (ROC) curve analysis: sensitivity and specificity are reported only when the test was statistically significant (P<0.05); Se: sensitivity; Sp:
specificity; TP: true-positive; TN: true-negative; FP: false-positive; FN: false-negative; AUC: area under the ROC curve; SIJ: sacroiliac joints. The table reads as follows: a SIJ
score >4 yields a model with a sensitivity of 44% and a specificity of 100% for assessing disease activity using an ASDAS-CRP > 1.3. Cut-off values result from ROC curves

analysis.

Table 5

Levels of performance of bi-parametric MRI models (using a classification tree approach) with 2 different cut-off levels of ankylosing spondylitis disease activity score

C-reactive protein.

bi-parametric model TP TN FP FN Se (%) (95% CI) Sp (%) (95% CI) AUC (95% CI) P-value
ASDAS>1.3
SIj+ lumbar spine 25 7 1 11 69 (52; 84) 88 (47; 100) 0.79 (0.64; 0.89) <0.001
SIj +cervical spine 26 7 1 10 72 (55; 86) 88 (47; 100) 0.80 (0.65; 0.90) <0.001
SIJ + thoracic spine 26 8 0 10 72 (55; 86) 100 (63; 100) 0.86 (0.72; 0.95) <0.001
SIJ + total spine 28 7 1 8 78 (61; 90) 88 (47; 100) 0.83 (0.68; 0.92) <0.001
ASDAS > 2.1
SIJ + lumbar spine 22 13 4 5 81(62;94) 76 (50; 93) 0.79 (0.64; 0.90) <0.001
SIJ + cervical spine 18 15 2 9 67 (46; 84) 88 (64; 99) 0.78 (0.62; 0.89) <0.001
SIJ + thoracic spine 20 15 2 7 74 (54; 89) 88 (64;99) 0.81(0.67; 0.91) <0.001
SIj + total spine 22 16 1 5 81(62; 94) 94 (71; 100) 0.88 (0.74; 0.96) <0.001

The table reads as follows: a model based on ‘SIJ + lumbar spine’ scores yields a sensitivity of 69% and a specificity of 88% for assessing disease activity using an ankylosing
spondylitis disease activity score C-reactive protein (ASDAS-CRP) > 1.3. As classification trees reconstructed here are binary classifiers, not cut-off value is reported. Receiver
operating characteristic (ROC) curve analysis: capabilities are reported only when the test was statistically significant (P<0.05); Se: sensitivity; Sp: specificity; TP: true-
positive; TN: true-negative; FP: false-positive; FN: false-negative; AUC: area under the ROC curve; SIJ: sacroiliac joints.

regardless of the model or the cut-off level on ASDAS-CRP (all AUC
values > 0.7).

3.4. Comparison of performance between models

When considering a cut-off level on ASDAS-CRP > 1.3, the pair-
wise comparison of AUCs derived from mono-parametric models
did not yield any significant difference (all P values>0.251). No
individual MRI score significantly outperformed another one. The

same observation was made when considering a cut-off level on
ASDAS-CRP > 2.1 (all P values >0.100).

The pairwise comparison of AUCs derived from bi-parametric
models did not reveal any significant difference, regardless of the
cut-off level on ASDAS-CRP (all P-values >0.208). No bi-parametric
model significantly outperformed another one.

When considering a cut-off level ASDAS-CRP>1.3, the
model “SIJ + thoracic spine” significantly outperformed the mono-
parametric models based on cervical spine (P=0.003), lumbar
spine (P=0.014) and SIJ (P=0.050) but not those based on thoracic
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Fig. 3. Receiver operating characteristic (ROC) curve analysis of the mono- and bi-parametric models (reconstructed from MRI scores) using 2 different cut-off levels of
ankylosing spondylitis disease activity score C-reactive protein (ASDAS-CRP). SIJ: sacroiliac joints.

spine (P=0.239) and total spine (P=0.064). The model “SIJ + total
spine” also significantly outperformed the mono-parametric mod-
els based on cervical spine (P=0.026), lumbar spine (P=0.039) and
total spine (P=0.044) but not those based on SIJ (P=0.214) and
thoracic spine (P=0.244).

When considering a cut-off level ASDAS-CRP > 2.1, the model
“SIJ +thoracic spine” significantly outperformed the model based
on lumbar spine (P=0.010) but not the other mono-parametric
models (Pversus cervical spine =0.069, pversus thoracic spine =0.166, pversus
total spine — ) 088, pversus Sl = 0,106). In contrast, the model “SIJ + total
spine” significantly outperformed almost all mono-parametric
models (Pversus lumbar spine =0.002, pversus cervical spine =0.006, pversus
total spine =) 028, pversus S =(0,041) expect that based on thoracic
spine (P=0.061).

4. Discussion

This study addressed the performance of MRI of the SIJ and
the incremental value of spine MRI in assessing disease activity

in axSpA. First, we found that the individual SIJ MRI score rep-
resents an informative model for identifying patients with more
severe versus less severe clinical disease activity, regardless of the
clinical cut-off level considered on the basis of ASDAS-CRP (> 1.3
or>2.1). Second, this study demonstrated for the first time that
the combination of SIJ and spine MRI scores within a classification
tree yielded bi-parametric models performing significantly better
than certain individual MRI scores for identifying patients with
higher versus lower disease activity. This study highlights that the
bi-parametric “SIJ + thoracic spine” model outperforms the mono-
parametric model based on SIJ scoring for identifying patients with
an ASDAS-CRP > 1.3, and that the biparametric “SIJ +total spine”
model outperformed the mono-parametric model based on SIJ
scoring for identifying patients with an ASDAS-CRP > 2.1.

MRI of the SIJ is an important contributor to the diagnosis of
axSpA, with well-defined acquisition and reading protocols [17].
MRI coverage of the SIJ is sufficient in the vast majority of patients
to identify axSPA in an accurate clinical setting. The diagnostic role
of spine MRl s still unclear and under investigation but it seems that
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Fig. 4. Graph shows bi-parametric model based on “SIJ +thoracic spine” scores (using a classification tree) for assessing clinical disease activity in patients with axial
spondyloarthritis, with a cut-off level on ankylosing spondylitis disease activity score C-reactive protein (ASDAS-CRP) > 1.3. The tree reads as follows: if the SIJ score > 4.5
(first top node), then the patient is identified as presenting active disease and the test stops. However, if the SIJ score <4.5, then the test continues to the second top node. If
the thoracic score > 9, then the patient is identified as presenting active disease, and so forth. The tree has thus 6 nodes (corresponding to 6 thresholding tests either applied
on the SIJ or thoracic spine score) that may be tested consecutively (from top to bottom), if necessary, to classify patients according to disease activity. Of note, the number
of nodes and the thresholding test associated to each node of the tree are both optimized by the classregtree function (Matlab) that performs an “exact search” to find the

best split. MRI: magnetic resonance imaging; SI: sacroiliac.

spinal lesions alone are unlikely to have sufficient diagnostic per-
formance [18]. Ez-Zaitouni et al. demonstrated that in patients with
chronic back pain without sacroiliitis, 382 MRIs of the spine must
be performed in patients with negative SI] MRI to identify only one
patient with non-radiological-axSpA, questioning the indication of
spinal MRI to help diagnose axSPA [6]. On the other hand, Weber
et al. found that MRI assessment of the spine in addition to SIJ MRI
can lead to misclassification in up to 17.5% of healthy volunteers
without axSpA [19]. In this study, we assessed the value of spine
MRI for the evaluation of disease activity in addition to SIJ MRI.
Regarding the distribution of MRI lesions across the spine,
we observed that the most frequently involved segment was the

mid-thoracic spine (T7-T8). It was followed by the thoraco-lumbar
junction (T10-T11 to L1-L2) and the mid-lumbar spine (L3-L4).
The cervical spine and upper thoracic segment were the less
affected regions. These results are in line with the data from other
studies that found that the mid-thoracic is the most frequently
and severely affected spinal segment [20-23].

Active inflammation on MRI is mainly represented by BME. At
the imaging level, the best indicators of active disease are subchon-
dral BME in the SIJ [24]| and BME of the vertebral corners [25]. Our
results confirm that MRI evaluation of BME in the SIJ is a valuable
tool for the evaluation of disease activity. The high specificity of SIJ
MRI highlights its accuracy in identifying truly active patients.
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Fig. 5. Bi-parametric model based on “SIJ + total spine” scores (using a classification tree) in assessing clinical disease activity in patients with axial spondyloarthritis, with
a cut-off level on ankylosing spondylitis disease activity score C-reactive protein (ASDAS-CRP) > 2.1. The tree reads as follows. If the SIJ score > 6.5 (first top node), then the
patient is identified as presenting a high or very high disease activity and the test stops. However, if the SIJ score <6.5, then if the total Spine score > 0.5 (second top node)
but is also < 2.5 (third node), then the patient is identified as presenting a high or very high disease activity. This tree has also 6 nodes (i.e., 6 thresholding tests either applied
on the SIJ or total spine score) that may be tested consecutively (from top to bottom), if necessary, to classify the patients according to disease activity. Of note, the number
of nodes and the thresholding test associated to each node of the tree are both optimized by the classregtree function (Matlab) that performs an “exact search” to find the

best split. MRI: magnetic resonance imaging; SI: sacroiliac.

In addition, significant correlations between MRI inflammation
scores and measures of clinical disease activity were observed.
Indeed, SIJ] MRI scores correlated significantly with ASDAS-CRP,
CRP levels, PGA and BASDAI question 2 (axial pain), in agreement
with previous reports made by Navarro-Compan et al. [26]. In line
with Konca et al., we also found that thoracic MRI scores had a sig-
nificant positive correlation with ASDAS-CRP and CRP levels [23].
Beside this, no relation was observed between clinical parameters
and lumbar or cervical MRI scores.

Importantly, our results demonstrate that the categorization of
patients according to their clinical disease activity may be improved
when spine MRI is performed in addition to SI] MRI. Bi-parametric
models showed that SI] MRI complemented with thoracic spine MRI
(for an ASDAS-CRP > 1.3) or with total Spine MRI (for an ASDAS-
CRP > 2.1) outperformed SI] MRI alone.

Limitations of this study include his cross-sectional design, the
small sample size who doesn’t reflect the whole spectrum of this
disease, the lack of a gold standard to measure disease activity, the
assessment of BME only in the anterior segment of the spine (inher-
ent to the Berlin method scoring system), and the mean delay of 28
days+21 (SD) (range: 0-80 days) between MRI and ASDAS-CRP
evaluations. MRI readings were performed by one single reader as
the reproducibility of the method has been assessed previously for

both the spine and SIJ MRI readings [10,11]. Therefore, our find-
ings must be interpreted with caution and must be confirmed. They
should stimulate future research to confirm the value of MRI as a
complementary tool to assess disease activity.

In conclusion, despite the limitations of this cross-sectional
study, our model combining MRI scoring of both SIJ and spine
allows to accurately discriminate between clinically active and
inactive axSpA, with a higher effectiveness compared to SIJ scoring
alone.
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