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Abstract:

Objective

The lack of specificity of the ASAS MRI criteria for non-radiographic axial spondylarthritis (NR-axSpA) justifies the
evaluation of the discriminatory capacity of other MRI abnormalities in the sacroiliac joints and dorsolumbar
spine.

Methods

In patients hospitalized for inflammatory lumbar back pain, the diagnostic performance (sensitivity, specificity,
positive likelihood ratio (PLR)) of MRI abnormalities was calculated using the rheumatologist expert opinion as a
reference:

- Sacroiliac joints: Bone marrow edema (BME) (number and location), extended edema >1cm (deep lesion), fatty
metaplasia (humber), erosion (number and location), backfill.

- Dorsolumbar spine: BME (number and location), fatty metaplasia (number), posterior segment involvement.
Results

In this prospective cohort, 40 NR-axSpA cases and 79 other diagnoses were included. The presence of at least 3
inflammatory signals in the sacroiliac joints (PLR: 25.67 [95% Cl: 3.48-48.9]), the presence of at least one sacroiliac
erosion (PLR: 12.80 [3.04-54]), the combination of an inflammatory signal and sacroiliac erosion (PLR: 11.85
[2.79-50]), the combination of deep lesion and fatty metaplasia (PLR: 15.80 [2.05-121.9]) or erosion (PLR: 11.86
[1.47-95.01]) had the best diagnostic performance. The combination of spinal and sacroiliac MRI criteria
significantly increased diagnostic performance for the diagnosis of NR-axSpA.

Conclusion

When NR-axSpA is suspected, in addition to the presence and number of inflammatory lesions, MRI interpretation
should include the location and the extent of the sacroiliac lesions, the presence of erosion or fatty metaplasia,

and anterior involvement of the lumbar spine.
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Introduction

The diagnosis of non-radiographic axial spondyloarthritis (NR-axSpA) remains a challenge because of the
heterogeneous clinical presentations and the frequency of differential diagnoses such as osteoarthritis of the
spine. The involvement of the sacroiliac (Sl) joints has become an important part of confirming a diagnosis of NR-
axSpA, which explains the primordial role of MRI, the reference imaging method for detecting both active and
inflammatory lesions using T2-weighting with fat signal suppression or short-Tl inversion recovery (STIR) (1). In

clinical practice, when sacroiliac MRI is inconclusive, dorsolumbar MRI could be of interest (2,3).

When patients present inflammatory lower back pain compatible with NR-axSpA, the use of sacroiliac
MRI and the lack of specificity of the ASAS definition of sacroiliitis has led to over-diagnosis of the condition (4,5).
In misdiagnosed patients, this can lead to inappropriate and costly background treatments such as biotherapies. A
recent systematic review of the literature has evaluated the diagnostic utility of MRI in SpA and the importance of
quantifying different inflammatory and structural parameters, and the influence of their anatomical localization
(6). Thirty-one studies were included, the majority of which demonstrated that sacroiliac bone marrow edema
(BME) remained the most sensitive lesion for the diagnosis of SpA. Recently, the concept of inflammatory "deep
lesions" has been developed, corresponding to STIR edema extending more than 1 cm from the sacroiliac joint
space. This feature has the advantage of being easy to measure and relatively specific to spondyloarthritis (7).
Other MRI signs, which were not often used until recently, provide a better understanding of the structural
damage caused by SpA, such as the notion of "backfill", which corresponds to filling tissue within the erosion,
earlier than subchondral sclerosis or ankylosis. Other advances in MRI sequences, such as the Volumetric
Interpolated Breath hold Examination (VIBE) sequence, may better characterize sacroiliac joint erosion on MRI.
VIBE sequence performance was found to be similar to that of a sacroiliac CT scan in a population of SpA

sacroiliitis (8), thus eliminating the need for CT as a complementary examination.

Despite all of these technical advances, non-inflammatory lesions such as fatty metaplasia (9,10),
subchondral erosions (11), and backfill (12) are insufficiently taken into account in difficult diagnoses where MRI
interpretation is crucial, and the level of interpretation remains inhomogeneous among rheumatologists and
radiologists alike. In this context, we evaluated a prospective monocentric cohort of patients hospitalized for
suspected NR-axSpA in order to identify the diagnostic performance of different inflammatory and structural

dorsolumbar and sacroiliac MRI lesions, alone or in combination.

Methods

This monocentric prospective observational study was carried out in the rheumatology department of a
French university hospital from January 2016 to October 2019. The final diagnosis of NR-axSpA was confirmed by

the collegial opinion of three senior rheumatologists using the patient’s entire clinical record (presence, nature



and progession of symptoms since their appearance, response to treatment, biological and imaging results). The
inclusion criteria were as follows: patients > 18 years old, referred to hospital with suspicion of NR-axSpA,
presenting inflammatory axial pain for 2 3 months, without radiographic sacroiliitis according to modified New
York criteria (13) and having undergone a standardized MRI protocol of the sacroiliac joints and the dorsolumbar

spine on the same MRI (Siemens TRIO 3 Tesla).

MRI interpretation

A double MRI reading of the sacroiliac joints and dorsolumbar spine was performed by two physicians
with expertise in osteoarticular imaging, blinded to clinical data, having validated an international training in MRI
reading of the sacroiliac joints and the spine in order to homogenize their MRI reading
(https://www.carearthritis.com/mriportal) (14). In the event of a discrepancy, a third expert decided whether or

not to retain the MRI abnormalities.

For sacroiliac MRI, the MRI sequences followed the protocol proposed by the ASAS (1): T1 weighting SE coronal

oblique, T2 weighting with fat signal suppression (or STIR), axial and coronal oblique.

- BME: hypersignal in STIR sequence (axial and coronal) in the subchondral bone with semi-
quantitative scoring (1, 2 or = 3 hypersignals) and scoring of the location (anterior or posterior portion of

the joint, the limit of which was defined by the ligament portion of the joint).
- Deep lesion: extended STIR hypersignal (axial or coronal) (7).

- Fatty metaplasia: homogeneous hypersignal of more than 1 cm in T1 weighting in subchondral
bone with semi-quantitative scoring (1, 2 or = 3 hypersignals). The interforaminal sacral signal of the

bone marrow was the reference for the attribution of a normal signal in the bone.

- Subchondral erosion: irregularities in the subchondral bone at the sacroiliac joint with hyposignal
bone defect T1 SE, with semi quantitative scoring (1, 2 or = 3 erosions) and localization according to the

anterior or posterior portion of the joint.

-“Backfill" (12): T1 weighted hypersignal in the erosion cavity, corresponding to the fatty
metaplasia of the filling tissue that develops in the space left by erosion in place of the cortical sacral or

iliac bone.

For dorsolumbar MRI, the T1 and T2 weighting sequences with fat signal suppression (or STIR) in the sagittal

section were analysed:

- BME: hypersignal in STIR sequence on vertebral corners with semi quantitative rating (1, 2 or >

3 hypersignals, considering each inflammatory corner separately per vertebra).

-Interspinous bursitis: hypersignal in STIR sequence between the dorsal or lumbar spines, without

distinction.



-Posterior articular arthritis: hypersignal in STIR sequence in front of the dorsal or lumbar-

posterior articular joint (bone oedema +/- effusion or articular synovitis)

- Fatty metaplasia: presence at the vertebral corners of a hypersignal, T1 weighted with a semi-

guantitative rating isolation.

MODIC 1 and 2 vertebral injuries related to degenerative disc diseases were systematically

excluded from this MRI analysis.

Statistical analysis

The number of subjects needed was estimated at 42 patients in each group for an «a risk 0.05 under the

unilateral assumption that MRI abnormalities should be more frequent in the NR-axSpA group. The inter-
observer reproducibility (Cohen's Kappa coefficient/ICC) of lesions observed on MRI was calculated for both
readers (0.81 - 1.00: excellent; 0.61 - 0.80: good; 0.41 - 0.60: moderate) (15).
Demographic, clinical, biological and MRI data were described in terms of percentages and numbers (qualitative)
or means and standard deviations (quantitative). Independent quantitative variables were compared between the
NR-axSpA group and the "other diagnoses" group using a Student’s T-test, qualitative variables were compared
using a Fischer's exact test, and qualitative variables were ordered using a Mann-Whitney test.

The diagnostic performance (sensitivity, specificity, positive likelihood ratio (PLR) (with a PLR considered good
if > 4) of each of the different MRI parameters were calculated taking as gold standard the opinion of the college
of rheumatology experts. The diagnostic performance of the combination of inflammatory and structural
abnormalities (sacroiliac MRI alone, dorsolumbar MRI alone, and combination sacroiliac + dorsolumbar MRI)
was studied using the area under the curve (AUC) of ROC curves from estimates from a logistic regression model
whose dependent variable was the final diagnosis of NR-axSpA and the independent variables :

- For sacroiliac joints: association of BME, erosions, fatty metaplasia, and backfill.

- For the spine: association of BME, fatty metaplasia, interspinous bursitis, and posterior articular arthritis.
The diagnostic performance of the MRI abnormalities of interest were compared using a McNemar test for

matched proportions. Confidence intervals (95%Cl) of diagnostic performance were calculated according to the

binomial law.

Results

Among the 119 patients included (average age 47 years), a final diagnosis of NR-axSpA was confirmed by the
college of rheumatologists in 40 cases (38 met the modified Amor criteria and 32 met the ASAS criteria). The

remaining 79 diagnoses were: spine osteoarthritis (n=43), other chronic inflammatory rheumatism (n=15),



fibromyalgia (n=15) and osteitis condensans ilii (n=6) (18 patients met the modified Amor criteria and 12 patients
met the ASAS criteria).

39.5% of patients had MRI sacroiliitis according to the ASAS criteria (55% of NR-axSpA and 30.4% among other
diagnoses).

In the NR-axSpA group (24 women/16 men), 62.5% were HLA B27 carriers, and 22.5% had an inflammatory
syndrome (mean CRP 5.7 = 7.1 mg/L). Eleven patients (27.5%) were treated with non-steroidal anti-inflammatory
drugs (NSAIDs) and 10 (25%) with anti-TNF-a within 15 days prior to the MRI.

In the “other diagnoses” group (55 women/24 men), HLAB27 was positive in 12.6% of patients, there was an
inflammatory syndrome in 30.4% of cases (mean CRP 5.8 + 5.6 mg/dl). Fifteen patients (18.9%) were treated with
NSAIDs and 5 (6%) with anti-TNFa within 15 days prior to the MRI.

No clinical differences were found between the two groups except for the duration of symptom progression,
which was greater in the NR-axSpA group (8.2 £ 6.3 years vs. 5.1 £ 4.5 years, p = 0.006), the presence of HLA B27
(62.5% vs. 12.6%, p < 0.0001), and anti-TNFa treatment (p = 0.0003).

Inter-observer reproducibility between the two osteoarticular imaging experts was considered good to excellent
for all MRI abnormalities but varied according to type: deep lesion (kappa: 0.89 [95% CI : 0.74;1.0]), sacroiliac
BME (ICC: 0.96 [95% Cl:0.95;0.98]), erosion (ICC: 0.95 [95%CI:0.93; 0.96]), sacroiliac metaplasia (ICC: 0.94 [95% ClI:
0.91;0.96]), backfill (kappa: 0.64 [95% Cl: 0.53;0.74]), spinal BME (ICC: 0.99 [95% CI:0.99;0.99]), spinal metaplasia
(ICC : 0.95 [95% CI: 0.93;0.96]), interspinous bursitis (kappa: 0.85 [95% Cl: 0.64;1.0]), posterior articular arthritis
(kappa: 0.79 [95% CI: 0.56;0.95]).

The performance of the combined sacroiliac and dorsolumbar spinal MRI parameters (both inflammatory and
structural) is shown in Figure 1 (ROC curves and areas under the curve (AUC)). The combination of spinal MRI and
sacroiliac MRI significantly increased diagnostic performance for NR-axSpA when compared with sacroiliac MRI
alone (AUC 0.94 [95% Cl: 0.90-0.98] vs. AUC 0.85 [95% CI: 0.77-0.92], p<0.05). However, taken alone, MRI of the
lumbar spine had more modest diagnostic performance, with an AUC 0.75 [95% Cl 0.67-0.84].

For the sacroiliac joints (Table 1), the MRI parameters significantly associated with the final diagnosis of NR-
axSpA were the presence of a deep lesion (p < 0.001), the presence of 2 1 (p < 0.05) or especially > 3
inflammatory lesions (p < 0.001 ) of the sacroiliac joints in STIR, the presence of localized posterior edema, the
presence of > 1 erosion (p < 0.001) or =3 erosions (p < 0.001) in sacroiliac joints, the presence of 2 1 (p = 0. 003)
or > 3 fatty metaplasias (p < 0.01) and the presence of backfill (p < 0.001) (but low prevalence).

For the dorsolumbar spine (Table 2), the MRI parameters significantly associated with the diagnosis of NR-
axSpA were the presence of 2 3 lumbar inflammatory lesions, and > 3 inflammatory or fatty lesions.

The performance of MRI criterion taken alone or in combination in the sacroiliac joints (Tables 3 and 4) and
the dorsolumbar spine [Appendix A, Table S1-S2; See the supplementary material associated with this
article online] made it possible to identify the most discriminating parameters for the interpretation of MRI
when NR-axSpA is suspected. No dorsolumbar MRI parameter (alone or combined) reached a PLR >4. On the

other hand, when we analyzed the results for the sacroiliac joints, deep lesions, BME range number > 3, and



posterior BME localization and the presence of Tl-weighted erosions performed well, taken alone or in

combination (inflammatory lesion + structural lesion), with a PLR > 4.

Discussion

This prospective study of the diagnostic performance of different inflammatory and structural MRI
parameters illustrates the difficulties that are regularly encountered when attempting to diagnose of non-
radiographic axial spondyloarthritis. We underline a specific patient phenotype for NR-axSpA, which includes a
female predominance, already reported in other cohorts (16-18), mean age > 45 years, a low frequency of HLA
B27 positivity (62.5%) compared to other cohorts of NR-axSpA such as GESPIC (74.1%) (18) or DESIR (83.2%) (16)
and a long progression.

Sacroiliac BME was unsurprisingly the most sensitive lesion (55%) for the diagnosis of NR-axSpA of all the
parameters studied,but was less sensitive than generally reported (>70%) (6,19,20). The threshold of > 3
inflammatory lesions, arbitrary but already reported, appears to be an effective marker, with a significant
increase in specificity (0.99) and a PLR at 25.67, even at the price of a decrease in sensitivity, when the objective is
above all to assert the diagnosis in complex forms. In the literature, specificity varies from 75% to 97% depending
on the different definitions of BME and the number of affected areas (6). However, our study confirms the
significant proportion of sacroiliac BME (30.4%) in patients with conditions like sacroiliac osteoarthritis which can
lead to false positive results for NR-axSpA. Studies have found similar results (21) (22) with 20-30% false positive
results in primary care lumbago patients and 40% in patients with postpartum pain or certain types of athletes
(23,24). The location of the edema is an important consideration because in the "other diagnoses" group the
edema was preferentially anterior (92%), while posterior involvement was highly specific for NR-axSpA, which has
already been reported (6). Deep lesions, which have been reported as very specific makers (97%), were not very
sensitive in our cohort (30%), and there were false positives, especially in cases of osteitis condensans ilii (80% of
cases with deep lesions), which had not been reported until now (25).

In terms of structural lesions, erosion seems to be the most informative type of lesion because of its specificity
(97%). It was found in 32% of SpA patients vs only 2% of patients with other diagnoses, which is similar to the
literature data (26). The presence of at least 3 erosions was highly specific for SpA (spe = 100%). The analysis of
fatty metaplasia, which is poorly reproducible, yielded disappointing results. Only the threshold of > 3 appears to
have good predictive value, but it is too rare in practice, much like backfill (12), to be discriminating in patients
with lower back pain due to inflammation. These results are consistent with those of a cross-sectional study using
the DESIR cohort in which the authors compared "typical" sacroiliac radiographic and MRI abnormalities
(inflammatory and structural, SPARCC scoring) observed in patients with recent axial spondyloarthritis versus a
population of chronic degenerative lower back pain (ILOS cohort) (27). However, the study of the combination of
inflammatory and structural parameters did not significantly increase sensitivity in our cohort. Weber et al.
reported a specificity of 0.80 and sensitivity of 0.83 for the association of > 3 inflammatory lesions and = 3

erosions (11), but this combination was very rare in our non-radiographic axial spondyloarthritis population.



As expected, MRI of the spine alone was less effective than MRI of the sacroiliac joints (28,29). In our
cohort, the threshold of > 3 inflammatory corners (present in only 25% of NR-axSpA) was associated with a high
specificity (89%). Weber et al. found similar results, with a specificity of 0.95 and a sensitivity between 0.15 and
0.30, but for > 5 inflammatory wedges (30). However, these inflammatory lesions are frequent in spinal
osteoarthritis and their frequency increases with age, as demonstrated in the study by Molto et al. (27), who
compared the DESIR and ILOS (degenerative lower back pain) cohorts and found no significant difference in spinal
MRI abnormalities (inflammatory wedges, erosions or fatty metaplasia) between the two groups.

We recognize that this observational study has some limitations: recruitment in a single university center
is not representative of NR-axSpA in the general population but corresponds to the phenotype that poses a
diagnostic problem in current practice, especially when the possibility of biotherapy is raised, which was the case
for many of the patients included. The reference SPARCC MRI type rating for sacroiliitis in clinical research (31)
was not used because it is not transposable in daily practice to interpret an MRI due to its complexity. The
sacroiliac CT scan was not performed as the gold standard for analysis of sacroiliac erosions (32) because this
radiographic examination was not systematically possible in a routine care study. Furthermore, the diagnosis used
by the college of rheumatologists was dichotomous (SpA: yes/no). A numerical or semi-quantitative scale could
have been proposed according to the level of diagnostic certainty, as in other studies (33), but this would have
made it more difficult to compare the diagnostic performance of each MRI parameter. Finally, some patients in
both groups were treated with NSAIDs and/or anti TNF-a therapy at the time of MRI, which may have led to an
underestimation of inflammatory lesions, as reported in the literature (34) (35). This should not however affect
the results for the other evaluated MRI parameters.

In conclusion, these results remind us of the importance of focusing not only on BME, the basis of the definition
of sacroilitis MRI according to ASAS criteria, but also on T1l-weighted structural damage (fatty metaplasia,
erosions, backfill) and the potential added value of supplementing with a dorsolumbar MRI. Recent technological
advances such as diffusion MRI with the evaluation of a diffusion coefficient for edema or the T1 VIBE sequence,
which has excellent spatial resolution for erosion, are promising (36,37). This exploratory study and its preliminary
results are intended to lead to a multicenter study with a larger sample size, but until then our findings support
clinicians in their work and should help them to interpret the different types of MRI lesions and their localization

in order to diagnose NR-axSpA in challenging cases.
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Table 1. Comparison of frequency of inflammatory and structural MRI signs in the sacroiliac joints (non-

radiographic axial SpA (NR-axSpA) vs other diagnoses).

NR-axSpA Other diagnoses (n=79)
(n=40) n(%)
n(%) ?

INFLAMMATORY LESIONS

- Deeplesion 12/40 (30.0) 5/79 (6.3)*

-zl 22/40 (55.0) 24/79 (30.4)**

- 23 13/40 (32.5) 1/79 (1.3)*

Location

- Anterior 10/22 (45.4) 22/24 (91.7)

- Posterior 12/22 (54.5) 2/24 (8.3)*
SUB CHRONDRAL EROSIONS

-2l 13/40 (32.5) 2/79 (2.5)*

- 23 5/40 (12.5) 0*

Location

- Anterior 6/13 (46.2) 2/2 (100)**

- Posterior 8/13 (61.5) 0*
FATTY METAPLASIA

-zl 23/40 (57.5) 22/79 (27.8)***

- 23 10/40 (25.0) 5/79 (6.3)***
BACKFILL 6/40 (15.0) 0*

P values : McNemar test for matched proportions. * p<0.001; **p<0.05; **¥*p<0.01
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Table 2. Comparison of the frequency of inflammatory and structural MRI signs in the dorso-lumbar spine

(non-radiographic axial SpA (NR-axSpA) ( vs. other diagnoses).

NR-axSpA (n=40)
n (%)

Other diagnoses (n=79)
n(%)

INFLAMMATORY LESIONS

Lumbar

-zl 10/40 (25.0) 17/79 (21.5)

- 23 8/40 (20.0) 5/79 (6.3)*
Dorso-lumbar hinge

- 21 3/40 (7.5) 9/79 (11.4)

- 23 3/40 (7.5) 0*

Total

-zl 9/40 (22.5) 18/79 (22.8)

- 23 10/40 (25) 8/79 (10.1)

FATTY METAPLASIA

-2l 8/40 (20.0) 28/79 (35.4)

- 23 13/40 (32.5) 7/79 (8.9)**
INTERSPINOUS BURSITIS 3/40 (7.5) 9/79 (11.4)
POSTERIOR ARTICULAR ARTHRITIS 5/40 (12'5) 8/79 (10_1)

P values : McNemar test for matched proportions. *p<0.05;** p<0.01
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Table 3. Diagnostic performance of inflammatory and structural MRI signs in the sacroiliac joints.

Specificity (95%Cl)

Sensitivity (95%Cl)

PLR (95%Cl)

INFLAMMATORY LESIONS
- Deep lesion 0.94 (0.89-0.98) 0.30 (0.22-0.38) 4.74 (1.79-12.5)
- 21 0.70 (0.58-0.79) 0.55 (0.39-0.69) 1.81(1.17-2.80)
- 23 0.99 (0.97-1.01) 0.33(0.24-0.41) 25.67 (3.48-18.9)
- Anterior 0.73 (0.62-0.82) 0.23(0.12-0.38) 0.85 (0.43-1.67)
- Posterior 0.96 (0.89-0.99) 0.30 (0.17-0.46) 8.55 (2.58-28.3)
EROSION
-zl 0.97 (0.95-1.0) 0.37 (0.29-0.46) 12.80 (3.04-54)
- 23 1.0 (0.95-1.0) 0.13 (0.054-0.26) nc
- Anterior 0.97 (0.91-0.99) 0.15 (0.07-0.29) 5.92 (1.25-28)
- Posterior

1.0 (0.95-1.0)

0.2 (0.13-0.27)

nc

FATTY METAPLASIA

-2l 0.72 (0.61-0.80) 0.57 (0.42-0.71) 2.01 (1.29-3.1)
- 23 0.94 (0.86-0.97) 0.25 (0.14-0.40) 3.95 (1.44-10.7)
BACKFILL

1.0 (0.95-1.0)

0.15 (0.09-0.21)

nc

14



Table 4. Diagnostic performance of combination of inflammatory and structural MRI signs in the

sacroiliac joints.

Specificity (95%Cl)

Sensitivity (95%Cl)

PLR (95%Cl)

>1BME + 21ERO

0.97 (0.91-0.99)

0.30 (0.18-0.45)

11.85 (2.79-50.0)

>1FM 0.91 (0.82-0.95) 0.38(0.24-0.53)  4.20 (1.87-9.50)
BF 1.0 (0.95-1.0) 0.13 (0.07-0.29) nc
S3IBME  + >1ERO 1.0 (0.95-1.0) 0.20 (0.11-0.35) nc
>1FM 1.0 (0.95-1.0) 0.25 (0.14-0.40) nc
BF 1.0 (0.95-1.0) 0.13 (0.06-0.26) nc
Deep lesion + >3 BME 1.0 (0.95-1.0) 0.25 (0.14-0.40) nc
>1ERO 0.98 (0.93-0.99) 0.15 (0.07-0.29)  11.86 (1.47-95.01)
>1FM 0.98 (0.93-0.99) 0.20(0.11-0.35)  15.80 (2.05-121.9)
BF 1.0 (0.95-1.0) 0.08 (0.03-0.19) nc

ERO = erosion; FM = fatty metaplasia; BF = backfill; BUE = Bone marrow oedema; nc = not calculable
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FIGURE

Figure 1. Comparative analysis of diagnostic performance of combined inflammatory and structural
abnormalities from sacroiliac (SI) MRI vs dorso-lumbar spine MRI vs combined MRI (ROC* and area

under the curve (AUQC)).
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*The ROC curves were plotted from estimates from a logistic regression model where the dependent variable was the final diagnosis of NR-
axSpA and the independent variables:

- for sacroiliacs: BME, erosions, fatty metaplasia, backfill
- for the dorso-lumbar spine: BME, fatty metaplasia, interspinous bursitis, posterior articular arthritis
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