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Sacroiliac joint MRI for diagnosis of ax-SpA: algorithms to improve the specificity of the current ASAS MRI criteria

Abstract

Objectives: To compare sacroiliac joint (SIJ) lesions observed on MRI in women with versus without axial spondyloarthritis (ax-SpA), and to establish an algorithm to determine whether such lesions are due to ax-SpA, with better specificity than the current ASAS MRI criteria.

Methods:

The following lesions were assessed at the SIJ in two groups of women, one with and another without confirmed ax-SpA: bone marrow oedema (BME), sclerosis, erosions, osteophytes, and ankylosis. Using the ASAS criteria as gold standard for diagnosis of axSpA, the sensitivity and specificity were calculated for different combinations and characteristics of lesions.

Results: Compared to women without ax-SpA, women with ax-SpA had more BME (61%vs17%,p<0.001), sclerosis (40%vs22%,p<0.001), erosions (35%vs5%,p<0.001), and ankylosis (2%vs0%,p=0.007), but less osteophytes (5%vs33%,p<0.001). The ASAS MRI criteria had 59% sensitivity and 88% specificity, while a new algorithm achieved 56% sensitivity and 95% specificity using the following criteria: no osteophytes at the SIJ and either (i) BME at the SIJ with at least one dimension≥8mm or (ii) at least one erosion at the SIJ.

Conclusions:

We recommend the following new algorithm for diagnosis of ax-SpA using MRI:

no osteophytes at the SIJ and either (i) BME at the SIJ with at least one dimension≥8mm or (ii) at least one erosion at the SIJ. The false positive rate when using our algorithm (3.3%) is less than half than when using the ASAS MRI criteria (7.7%), and thus its application in clinical practice could reduce overdiagnosis and prevent overtreatment of ax-SpA.

Keywords: sacroiliitis; axial spondyloarthritis; MRI; ASAS criteria; bone marrow oedema; diagnostic accuracy

Introduction

The diagnosis of axial spondyloarthritis (ax-SpA) remains challenging in daily practice. The assessment of spondyloarthritis international society (ASAS) criteria for classification of ax-SpA use a combination of clinical and biological findings, as well as radiological assessment of the sacroiliac joints (SIJ) [START_REF] Rudwaleit | The Assessment of SpondyloArthritis International Society classification criteria for peripheral spondyloarthritis and for spondyloarthritis in general[END_REF] . While plain radiographs have been used to assess the SIJ, magnetic resonance imaging (MRI) has proved more effective at detecting early sacroiliitis 2 .

Positive ASAS MRI criteria are defined by the presence of bone marrow oedema (BME) at the SIJ on two consecutives slices or at two locations on the same slice. There have been further

descriptions of structural lesions or other signs, such as pubic symphysis lesions over the past decade, but none are yet included into the ASAS MRI criteria. The ASAS MRI criteria could lead to overdiagnosis of ax-SpA, due to a high false positive rate of 20-30% [START_REF] Campos-Correia | Are we overcalling sacroiliitis on MRI? Differential diagnosis that every rheumatologist should know -Part I[END_REF][START_REF] Østergaard | MRI of the sacroiliac joints: what is and what is not sacroiliitis?[END_REF][5][START_REF] Jans | How sensitive and specific are MRI features of sacroiliitis for diagnosis of spondyloarthritis in patients with inflammatory back pain? Jbr-btr[END_REF] , as SIJ BMEs can be caused by various other factors, such as recent pregnancy or delivery [START_REF] Agten | Postpartum Bone Marrow Edema at the Sacroiliac Joints May Mimic Sacroiliitis of Axial Spondyloarthritis on MRI[END_REF][START_REF] De Winter | Magnetic Resonance Imaging of the Sacroiliac Joints Indicating Sacroiliitis According to the Assessment of SpondyloArthritis international Society Definition in Healthy Individuals, Runners, and Women With Postpartum Back Pain[END_REF][START_REF] Hoballah | MRI of sacroiliac joints for the diagnosis of axial SpA: prevalence of inflammatory and structural lesions in nulliparous, early postpartum and late postpartum women[END_REF] .

Distinguishing SIJ MRI lesions related to ax-SpA versus lesions related to other causes (mechanical or non-inflammatory) could thus improve the diagnostic value of SIJ MRI. In fact, a recent review by Ostergaard 4 suggested a 7-point research agenda to "optimally identify what is and what is not sacroiliitis", including "further studies of pattern recognition of SIJ MRIs, not only including localization, size (e.g. depth) and distribution of BME but also of other lesion types, for differentiating axSpA from other diagnoses."

The purpose of the present study was to compare the characteristics of SIJ lesions observed on MRI (BME, sclerosis, erosions, osteophytes, ankylosis) in women with versus without ax-SpA, as well as to establish an algorithm to determine whether such lesions are due to ax-SpA, with better specificity than the current ASAS MRI criteria.

Materials and methods

Design and study population

The authors formed two groups of female patients, one with confirmed ax-SpA and the other without (control group). The inclusion criteria were: (i) women aged between 18 and 50, (ii) availability of SIJ MRI including a T1-weighted sequence and either an axial STIR, T2 fat sat or T2 Dixon sequence, and (iii) national health insurance coverage. The exclusion criteria were:

(i) childbirth 24 months prior to MRI acquisition, and (ii) pregnancy at the time of MRI acquisition.

The group with confirmed ax-SpA was identified by searching the hospital database for women that had rheumatologic consultations, with reports mentioning the keyword "spondyloarthritis" or its synonyms, and SIJ MRIs acquired between 2009 and 2020. The control group was formed from the database of a previous study (BLINDED) that included women with SIJ MRIs acquired between 2015 and 2019, sent by the gynaecological department for reasons that do not trigger SIJ BME and are generally unrelated to musculoskeletal disorders (60% endometriosis, 10% gynaecologic cancer, 10% ovarian cysts, 7% uterine myomas…). In the control group, women were excluded if they had (i) family history of inflammatory disease, (ii) patient history of inflammatory disease, (iii) patient history of pelvic pathology, trauma or surgery.

MRI acquisition

Magnetic resonance imaging was performed on 1.5T MRI units (Siemens, Magnetom Area; Siemens, Area; General Electrics, Optima MR60; Toshiba, Titan) and a 3T MRI unit (Philips, Ingenia). MRI were acquired from the iliac crest to the lesser trochanter, in the axial oblique plane with a field of view of 400x400mm for all sequences. A T1-weighted sequence with a slice thickness between 4mm and 6mm (TR 619ms/TE 9ms) was systematically performed to confirm the absence or presence of structural lesions (erosions, osteophytes and ankylosis), and either an axial STIR (Short Tau Inversion Recovery) sequence (2.30 min) (TR 2800ms/TE 68ms), axial T2 fat sat (TR 3939ms/TE 116ms) or axial T2 Dixon (TR 5600ms/TE 54ms) was performed to confirm the absence or presence of any BME or sclerosis, with a slice thickness between 3mm and 6 mm.

Outcomes

The primary outcomes were the presence of BME and/or other lesions (sclerosis, erosions, osteophytes, ankylosis) at the SIJ as defined in the ASAS handbook [START_REF] Sieper | The Assessment of SpondyloArthritis international Society (ASAS) handbook: a guide to assess spondyloarthritis[END_REF] . BME was defined as a high signal area within the subchondral bone on MRI STIR/T2 fat sat/T2 Dixon sequence. Sclerosis was defined by low-intensity or signal-free bands on both sequences (T1 and STIR or T2 fat sat or T2 Dixon). Erosions were defined as bony defects at the joint margin, osteophytes as formation of new juxta-articular bone, and ankylosis as fusion of the SIJ, on either MRI T1 or STIR/T2 fat sat/T2 Dixon sequence. A morphologic analysis of the biggest BME was performed, reporting its extent (mediolateral depth, anteroposterior length, craniocaudal height), location (superior, central, inferior) and side (sacral, iliac). Furthermore, morphologic analyses of the biggest sclerosis and erosion were also performed, reporting their location (superior, central, inferior) and side (sacral, iliac). When the whole pubic symphysis was visible on MRI, the presence of BME, erosions and sclerosis was assessed. ASAS MRI criteria for sacroiliitis were positive if BME was seen on two successive slices or at two locations on the same slice.

Statistical analysis

Descriptive statistics were used to summarize the data. For patients with ax-SpA, inter-observer agreement was excellent for the ASAS MRI criteria for sacroiliitis, as well as for the presence and dimension of all measured sacroiliac joint and pubic symphysis lesions, except for erosions at the SIJ for which agreement was good (Table 1). For patients without ax-SpA, inter-observer agreement was excellent for the ASAS MRI criteria for sacroiliitis, as well as for the presence and dimension of all measured sacroiliac joint lesions (Reference BLINDED).

Patient and public involvement section

There was no patient or public involvement in this study.

Results

Study population

Seven-hundred and forty-one women were identified by searching the hospital database for reports mentioning the keyword "spondyloarthritis". Of these 741 women, we excluded 389 because the reports concluded that they did not have ax-SpA, 68 because they were duplicate case files, 27 because they had incomplete SIJ MRI, 25 because they had a suspicion of ax-SpA that was ruled out after further radiologic and/or clinical assessment, 18 because they had given birth less than 24 months prior to MRI acquisition, and 3 because they had missing delivery dates. This left a cohort of 211 women with ax-SpA for analysis (Figure 1).

Of the 517 women in the control group, we excluded 72 because they had given birth less than 24 months prior to MRI acquisition, 48 because they had a family history of inflammatory disease (3 ulcerative colitis, 9 Crohn disease, 8 SpA, 12 psoriasis, 14 rheumatoid arthritis, and 2 others), 22 because they had a patient history of inflammatory disease (4 Crohn disease, 4

SpA, 7 psoriasis, 1 rheumatoid arthritis, and 6 others), 6 because they were pregnant at the time of MRI acquisition, 6 because they had a history of pelvic pathology, trauma or surgery; and 2 because they had incomplete SIJ MRI. This left a cohort of 361 women without ax-SpA for analysis.

Demographic data

The ax-SpA group comprised 211 women aged 38.9±8.0 years with a BMI of 24.2±4.8 kg/m 2 (Table 1). Sixty-eight (32%) women with ax-SpA had no children, 47 (22%) had only one child, 53 (25%) had 2 children, and 43 (20%) had 3 or more children; the time from last delivery to MRI acquisition was 10.8±6.1 years. The control group comprised 361 women aged 34.3±8.0 years with a BMI of 23.5±4.9 kg/m 2 . Two-hundred and seventeen (60%) women without ax-SpA had no children, 58 (16%) had only one child, 41 (11%) had 2 children, and 45 (12%) had 3 or more children; the time from last delivery to MRI acquisition was 9.0±5.5 years.

MRI findings at the SIJ

The ASAS MRI criteria for sacroiliitis were positive in 125 (59%) women with ax-SpA and 44 (12%, p<0.001) women without ax-SpA (Table 2). Compared to women without ax-SpA, women with ax-SpA had a significantly higher prevalence of BME (61% vs 17%, p<0.001), sclerosis (40% vs 22%, p<0.001), erosions (35% vs 5%, p<0.001), and ankylosis (2% vs 0%, p=0.007), but a significantly lower prevalence of osteophytes (5% vs 33%, p<0.001).

Analysis of the biggest BME in each SIJ showed that, compared to women without ax-SpA, women with ax-SpA had BMEs with a significantly bigger mediolateral depth (10.9±7.9 mm vs 7.4±3.4 mm, p=0.027) and craniocaudal height (16.5±11.0 mm vs 9.6±4.6 mm, p<0.001), but with no difference in anteroposterior length (15.4±11.6 mm vs 14.3±6.9 mm, p=0.724) (Table 4). For women in both groups, the most common location of the biggest BME was central (54% vs 75%). Interestingly the biggest BME appeared in only one location (superior only, central only, or inferior only) for all women without ax-SpA, while for 33% of women with ax-SpA it spanned across multiple locations.

MRI findings at the pubic symphysis

The pubic symphysis was fully visible in respectively 128 and 358 MRIs in the ax-SpA and control groups. Compared to women without ax-SpA, women with ax-SpA had a significantly higher prevalence of BME (8% vs 3%, p=0.047), sclerosis (13% vs 4%, p=0.002), and erosions (9% vs 3%, p=0.008).

Diagnostic accuracy of SIJ lesions on MRI for diagnosis of ax-SpA

The diagnostic accuracy of SIJ lesions on MRI for diagnosis of axSpA was determined based on one variable meeting different thresholds, taking the ASAS criteria as the gold standard (Table 5). The ASAS MRI criteria had a sensitivity of 59% and a specificity of 88%.

We considered the presence of BME at the SIJ with different dimensions (≥8mm, ≥10mm, ≥12mm) in different directions (mediolateral, anteroposterior, craniocaudal). The presence of BME at the SIJ with at least one dimension ≥8mm had the best combination of 58% sensitivity and 84% specificity. The presence of erosions at the SIJ had a sensitivity of 35% and a specificity of 95%. The absence of osteophytes at the SIJ had the highest sensitivity of 95% but low specificity of 33%.

To further improve specificity, we tested different algorithms using combinations of variables (Table 5). Of nine algorithms tested, a reasonable sensitivity of 56% and a very high specificity of 95% were achieved when considering positive ax-SpA to be: no osteophytes at the SIJ and either (i) BME at the SIJ with at least one dimension ≥8mm or (ii) at least one erosion at the SIJ.

the hospital database; in contrast, the control group is based on a cohort from a previous prospective study. In addition, inclusion periods were different across groups, with the ax-SpA group having a longer inclusion period. Nonetheless, the MRI acquisition protocol was the same throughout the inclusion period. Third, our algorithm did not consider BMEs, erosions, and sclerosis at the pubic symphysis, because the pubic symphysis was only visible in just over half of the MRIs of the ax-SpA group, and the number of observations was very small.

Conclusions

We recommend a new algorithm for diagnosis of ax-SpA using MRI, which combines the following conditions: women with no osteophytes at the SIJ and either (i) BME at the SIJ with at least one dimension ≥8mm or (ii) at least one erosion at the SIJ. Compared to the ASAS MRI criteria, our algorithm had higher specificity (95% vs 88%), but lower sensitivity (56% vs 59%).

The false positive rate when using our algorithm (3.3%) is less than half than when using the ASAS MRI criteria (7.7%), and thus its application in clinical practice could reduce overdiagnosis and prevent overtreatment of ax-SpA.
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	1.1. Généralités 1.2. A propos de cette étude 2. Article 2.1. Abstract 2.2. Introduction 2.3. Materials and methods 2.3.1. Design and study population 2.3.2. MRI acquisition 2.3.3. Outcomes 2.3.4. Statistical analysis 2.3.5. Patient and public involvement section 2.4. Results 2.4.1. Study population 2.4.2. Demographic data 2.4.3. MRI findings at the SIJ 2.4.4. MRI findings at the pubic symphysis 2.4.5. Diagnostic accuracy of SIJ lesions on MRI for diagnosis of ax-SpA 2.5. Discussion souvent l'adulte jeune de sexe masculin et fortement lié à l'antigène HLA B27. D'un point de vue clinique, elle se traduit par une atteinte du rachis, des sacro-iliaques et parfois des articulations périphériques, avec des douleurs d'horaire inflammatoire. Elle se classe, en termes de fréquence, au deuxième rang des rhumatismes inflammatoires après la polyarthrite rhumatoïde. Les traitements médicamenteux comprennent les traitements symptomatiques (antalgiques 3La spondylarthrite axiale (SpA) est un rhumatisme inflammatoire chronique touchant le plus classiques et AINS) et ceux de fond notamment les anti-TNF alpha.
	Réussir à distinguer les lésions dues à la SpA de celles dues à d'autres causes permettrait donc
	d'améliorer l'apport diagnostic de l'IRM.
	C'est d'ailleurs l'objet de nombreux travaux récents, avec des axes de recherche portant
	notamment sur l'étude des lésions structurales ou des seuils quantitatifs d'oedème.

1.2 A propos de cette étude :

Le diagnostic de spondylarthrite axiale (SpA) reste difficile en pratique courante, malgré les critères ASAS qui utilisent une combinaison de critères cliniques, biologiques et radiologiques.

Historiquement si les radiographies étaient utilisées, l'IRM a depuis démontré sa supériorité pour détecter des signes précoces de sacro-iliite.

Les critères IRM ASAS, étudiant les articulations sacro-iliaques, sont positifs s'il existe un oedème de la moelle osseuse présent sur deux coupes successives ou à deux endroits différents sur la même coupe. Ces dernières années, de nombreux travaux ont étudié les changements structuraux, comme les érosions ou les lésions de la symphyse pubienne, sans pour autant avoir été adoptés au sein des critères IRM ASAS. Ces critères IRM ASAS, peuvent amener à un surdiagnostic de la SpA, car ils ont un taux de faux positif élevé : 20-30% selon les études. En effet, l'oedème de la moelle osseuse au niveau des sacro-iliaques, n'est pas uniquement causé par la SpA, mais peut être dû à des facteurs multiples tels que la grossesse, l'accouchement, ou encore une activité sportive intense.

Le but de l'étude qui suit est donc de comparer les caractéristiques des lésions des sacro-iliaques visualisées à l'IRM (oedème, érosion, sclérose, ostéophyte, ankylose) chez des femmes sans et avec SpA, ainsi que d'établir de nouveaux critères plus spécifiques que les critères IRM ASAS pour déterminer si les lésions observées sont dues à la SpA.

  Normality was assessed using Shapiro-Wilk tests. Differences in patient demographics and MRI findings across patients with and without ax-SpA were assessed; Fisher's exact tests and Chi-squared tests were respectively used for binomial and non-binomial categorical data, while Wilcoxon rank-sum tests were used for continuous non-normally distributed data.

	The diagnostic accuracy of SIJ lesions on MRI for diagnosis of axSpA was determined by
	calculating sensitivity, specificity, positive predictive value (PPV) and negative predictive
	value (NPV), using the ASAS criteria as the gold standard. Analyses were based on one variable
	meeting different thresholds, as well as a combination of variables.
	Intra-and inter-observer agreement of MRI findings were assessed; Gwet's AC 11 were
	calculated for categorical data and intraclass correlation coefficients (ICCs) were calculated for
	continuous data. ICC and Gwet's AC values can be interpreted as follows: <0.40 is poor; 0.40-
	0.59 is fair; 0.60-0.74 is good; and 0.75-1.00 is excellent 12 . Statistical analyses were conducted
	using R version 4.6.1 (R Foundation for Statistical Computing). P-values<0.05 were considered
	statistically significant.

Discussion

The present study evaluated different algorithms for diagnosis of ax-SpA using MRI, the most appropriate of which combines the following conditions: women with no osteophytes at the SIJ and either (i) BME at the SIJ with at least one dimension ≥8mm or (ii) at least one erosion at the SIJ. Compared to the ASAS MRI criteria, our algorithm had higher specificity (95% vs 88%), but lower sensitivity (56% vs 59%). In effect, the false positive rate when using our algorithm (19/572=3.3%) is less than half than when using the ASAS MRI criteria (44/572=7.7%), and thus its application in clinical practice could reduce overdiagnosis and prevent overtreatment of ax-SpA.

Current ASAS MRI criteria are positive if a person has BME at the SIJ, without considering any other SIJ lesion. The present study investigated if considering other SIJ lesions could reduce false positive rates of ax-SpA. We found that presence of BME and erosions is more likely in women with ax-SpA, while presence of osteophytes is more likely in women without ax-SpA.

It is worth noting that degenerative diseases can affect women under 45 [START_REF] Varkas | Effect of mechanical stress on magnetic resonance imaging of the sacroiliac joints: assessment of military recruits by magnetic resonance imaging study[END_REF][START_REF] Weber | Frequency and Anatomic Distribution of Magnetic Resonance Imaging Features in the Sacroiliac Joints of Young Athletes: Exploring "Background Noise" Toward a Data-Driven Definition of Sacroiliitis in Early Spondyloarthritis[END_REF] . In addition, presence of osteophytes is one of the main patterns of degenerative diseases, and it is well known that concomitant BME can also be observed [START_REF] Link | Bone marrow changes in osteoarthritis[END_REF] . Therefore, absence of osteophytes can rule out BME caused by degenerative diseases, thereby reducing false positive ax-SpA. The detection of structural lesions has improved over the past years due to progress in MRI sequencing, for example with zero echo time sequences producing CT-like images [START_REF] Deppe | CT-like images of the sacroiliac joint generated from MRI using susceptibility-weighted imaging (SWI) in patients with axial spondyloarthritis[END_REF][START_REF] Li | Comparison of zero echo time MRI with T1-weighted fast spin echo for the recognition of sacroiliac joint structural lesions using CT as the reference standard[END_REF] .

By considering BME at the SIJ on two consecutives slices as positive ax-SpA, the current ASAS MRI criteria only assess the craniocaudal height of BME. However, the present study has shown that it is important to measure the dimension of BME in all 3 axes (craniocaudal, mediolateral, and anteroposterior), as considering only craniocaudal height would have missed 16 of 178 BMEs with a dimension ≥8mm in the mediolateral or anteroposterior directions. Furthermore, the authors of the present study advise radiologists to consider lesion size in millimetres rather than in number of slices as used in the ASAS MRI criteria; because slice thickness varies across MRI machines which are using increasingly thinner slices, down to 1mm thickness.

This study has a number of limitations. First, the two groups were different in terms of age, BMI, and number of deliveries. While we considered performing propensity score matching to obtain similar groups, we decided against this to avoid selection bias, which could have rendered our algorithm less suitable for different populations (eg. older patients, with greater BMI, and greater number of deliveries). Second, the group with ax-SpA was identified retrospectively by searching 

Annexes