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Introduction

Spondyloarthritis (SpA) is an umbrella terminology used
to describe a group of closely related diseases with a pre-
disposition for inflammatory arthritis of the axial skeleton
(spine and sacroiliac joints [SIJs]), as well as peripheral
joints. This group includes ankylosing spondylitis (AS),
psoriatic arthritis, reactive arthritis, juvenile SpA, arthritis
associated with inflammatory bowel disease (enteropathic
arthritis), and undifferentiated SpA. AS occurs in about 0.5%
of the Caucasian population, whereas the prevalence of SpA
as a group is about 1.5—2%." These diseases show familial
clustering and are associated with HLA-B27 to varying de-
grees. They also share common clinical features, but the
presentation can be quite heterogeneous, including in-
flammatory back pain (IBP), peripheral inflammatory
arthritis, peri-articular manifestations such as enthesitis
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and dactylitis (“sausage” digits), and extra-articular mani-
festations such as psoriasis, uveitis, and inflammatory
bowel disease.

SpA can also be broadly divided into axial SpA and pe-
ripheral SpA. Patients with axial SpA predominantly have
inflammation of the spine, SIJ, or both. In contrast, patients
with peripheral SpA predominantly have peripheral
arthritis, enthesitis, and dactylitis.2 Of note, there is no
single diagnostic feature for the SpA group as a whole, or for
any of the disease subsets. Diagnosis in the clinical setting is
therefore dependent on the assessment of symptoms and
signs, laboratory investigations, and imaging such as ra-
diographs and magnetic resonance imaging (MRI). MRI is
increasingly being utilised, with the final diagnosis often
hinging upon MRI findings. This proposal paper reviews the
role of MRI in the diagnosis of SpA and presents a new MRI
reporting system for assessment of axial SpA in the clinical
setting.

Clinical challenges in diagnosing axial SpA

Clinically, back pain is often the first feature that raises
suspicion for axial SpA, especially in younger patients, but
can be insidious in onset, mild, and non-specific. This is
confounded by the fact that back pain is extremely common
in the general population with a point-prevalence of 25%,’
and lifetime prevalence of 84%.* The Assessment of Spon-
dyloarthritis International Society (ASAS) classification
criteria for IBP attempt to differentiate IBP from non-
specific back pain. According to the ASAS criteria, IBP is
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typically insidious in onset, improves with exercise, is not
alleviated by rest, and is associated with pain at night.”
Although IBP is present in 70—80% of patients with axial
SpA, it also occurs in 20—25% of patients with mechanical
back pain.® Additionally, the presence of IBP only increases
the probability of axial SpA from 5% to 14—16%.° IBP
therefore has limited diagnostic utility for axial SpA.

Although HLA-B27 is clinically useful, it does present
challenges as an entry-point to the clinical arm of the
ASAS criteria. In AS, 75—95% of patients are HLA-B27
positive, whereas in axial SpA associated with psoriasis
and colitis, the prevalence is much lower (42—75%).
Therefore, the absence of HLA-B27 cannot be used to
exclude SpA, and can lead to delayed or missed diagnosis.
On the other hand, given that HLA-B27 occurs in 6—10% of
the background population,® and that non-specific back
pain is extremely common, the majority of patients with
positive HLA-B27 and back pain do not have SpA. In fact,
AS accounts for no more than 5% of all patients presenting
with chronic back pain.® HLA-B27 therefore has limited
diagnostic utility.

Of note, there are currently no established diagnostic
criteria, although multiple classification criteria have been
developed for axial SpA. Classification criteria are based on
assessment of a group of patients with a known disease to
identify similar characteristics to create a homogeneous
group with high specificity, but often low sensitivity for the
disease. Classification criteria are predominantly used in
clinical trials and cannot be simply translated into diag-
nostic criteria due to inherent low sensitivity. Diagnostic
criteria, on the other hand, allow for identification of a
disease within members of the general population. Diag-
nostic criteria have a high sensitivity but often lower
specificity and are used for diagnosis of the individual pa-
tient. The current reference standard for diagnosis of axial
SpA is the expert opinion of a rheumatologist based on the
clinical, laboratory, and imaging findings. The lack of an
objective reference standard hampers clinical diagnosis and
clinical studies.

Imaging challenges in diagnosing axial SpA

AS is characterised by a prolonged course before
development of structural changes that may become
evident radiographically. Prospective studies have shown
that only 10—15% of patients develop radiographic sac-
roiliitis (i.e. structural changes) after 2 years, about 40%
after 5 years, and about 60% after 10 years.” Radiographs
are unable to assess the early inflammatory components of
axial SpA due to limited sensitivity and lack of reliable
diagnostic assessment and therefore have limited utility in
early disease.

Radiographic interpretation is negatively impacted by
the oblique nature of the joints, and by the overlap between
early degenerative changes and early sacroiliitis. This has
been shown to be particularly problematic in women and in
older age groups. A comparative study between radiographs
and computed tomography (CT), the reference standard

imaging for structural changes at the SIJs, demonstrated
poor sensitivity for radiographs in the detection of erosions
(42%) and joint space changes (41%), with only fair inter-
reader agreement.'” This has confirmed similar findings in
earlier studies.!”!

CT, although excellent at demonstrating structural
changes at the SIJ, is not routinely used as first line imaging
for the detection of sacroiliitis due to the inherent radiation
exposure and inability to detect earlier inflammatory
components of the disease.'’

MRI is the imaging reference standard for assessment of
active disease allowing for earlier imaging identification of
disease. MRI of the SIJ, with or without limited imaging of
the entire spine, is being increasingly utilised for the clinical
diagnosis of axial SpA. MRI sequences typically include a
fat-sensitive T1-weighted spin-echo (T1SE) and a T2-
weighted sequence sensitive for free water (such as short
tau inversion recovery [STIR] or T2 fat-suppressed). There
are five MRI features of active sacroiliitis: osteitis/bone
marrow oedema (BMO), oedema and/or enhancement
related to an erosion, enthesitis, capsulitis, and synovitis/
joint space enhancement. BMO is considered to be the most
important and indispensable feature indicating active sac-
roiliitis in SpA.'?

The 2009 ASAS classification criteria for axial SpA rep-
resented the first time MRI was included in classification
criteria for SpA. Given that these ASAS criteria are often
adapted in clinical practice, and the wealth of published
research utilising these criteria, there is a risk that the im-
aging criteria will be incorrectly incorporated into the MRI
interpretation in clinical practice. In a recent update for the
imaging arm, the ASAS MRI Working Group definition of a
positive MRI stated that inflammation must be “located in a
typical anatomical area (subchondral bone)” and the MRI
appearance must be “highly suggestive of SpA”.> This
definition remains controversial. A prior joint ASAS-
OMERACT expert consensus statement suggested that two
bone marrow lesions on the same SIJ section, or one lesion
seen on at least two consecutive sections are indicative of
SpA.”® The high specificity of the imaging arm (97%)'* can
erroneously lead radiologists and rheumatologists to
believe that these findings are diagnostic in clinical practice;
however, BMO meeting the ASAS-OMERACT criteria was
seen in 23% of patients with mechanical back pain and in 7%
of healthy volunteers in one study.'” BMO is visualised in up
to 30% of mechanical back pain and healthy controls.'® ¥ In
a recent study comparing MRI evidence of BMO in healthy
subjects to those with known mechanical stress across the
SIJs, patients with known axial SpA and patients with
chronic back pain, 23% of the healthy volunteers had MRI
evidence of BMO that met the ASAS definition for lesions
highly suggestive for axial SpA.'”, The presence of BMO
fulfilling the ASAS definition was as high as 35% and 41% in
recreational runners and elite hockey players, respectively.'®

It is worthwhile emphasising that classification criteria
are applied after a patient has been diagnosed. Increasingly,
the ASAS criteria for a positive MRI are being applied for
diagnostic purposes so that testing of the performance of
classification criteria that include this MRI criterion leads to
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(b)

Figure 1 A 32-year-old woman with a 10 year history of chronic inflammatory back pain with normal (a) semi-coronal T1 and (b) STIR of the SIJs
demonstrating maintained joint spaces, intact subchondral bone plate, and normal periarticular marrow signal intensity.

circular reasoning and culminates in very high performance
characteristics.

MRI can also detect structural damage from prior
inflammation, including subchondral sclerosis, erosions,
peri-articular post-inflammatory fat metaplasia in the
subchondral marrow and erosion cavity, and bony bridges/
ankyloses. Of note, structural changes can already be seen
on MRI in 60—90% of SpA patients within the first 2.5 years
after symptoms onset.'>' In clinical practice, structural
changes can therefore be vital in arriving at an imaging
diagnosis, especially when BMO is non-specific.

Imaging differential diagnosis

It is important to recognise that SIJ periarticular BMO can
occur in healthy patients possibly because of mechanical
stress, as well as in a multitude of other conditions pre-
senting with low back pain (Fig 1).°?°">4 The most com-
mon abnormality to affect the SIJ is degeneration, often
commencing in the third decade in patients exposed to
increased stress across the SlIJs. This includes mechanical
workers, multiparous women, and those exposed to prior
pelvic trauma. Presence and extent of degeneration on
imaging does not necessarily correlate with clinical symp-
toms. Imaging findings on MRI include joint space loss,
subchondral sclerosis, subchondral cysts, anterior osteo-
phytosis, and BMO.?*> 7 The latter usually presents as a thin
band of high signal intensity on T2FS or STIR sequences
paralleling the joint space anteriorly. Accessory facet joints
of the SIJs can also be a source of symptoms, and are pre-
disposed to the early development of degenerative
changes.’®

Osteitis condensans ilii (OCI) may be symptomatic and
present with low back and pelvic pain. It is most common in
multiparous women and is thought to be related to the
increased stress across the SIJs during pregnancy and
childbirth. On imaging, a broad region of dense sclerosis
with triangular type configuration can be seen in the iliac
subchondral bone, usually most pronounced antero-
inferiorly with a thin band of BMO surrounding the

sclerotic bone and minor irregularity of the iliac cortex
without erosions.?%*% 30

Fractures, including post-traumatic, insufficiency, and
stress fractures, may be a source of BMO. In the case of
trauma, there is usually no uncertainty regarding the un-
derlying pathology. Insufficiency fractures occur with
normal stress on weakened bone such as in osteoporosis,
while stress fractures occur with abnormal stress on normal
bone. Both can present with acute to subacute pain and
demonstrate BMO on MRI on either side of a low signal
intensity fracture line on T1 images.**?

Diffuse idiopathic skeletal hyperostosis (DISH) may be
associated with structural changes within the spine and
along the superior/anterior aspect of the SIJs with bridging
ossification that may simulate axial SpA.>*** Blood vessels
crossing through the SIJ can be mistaken for active inflam-
mation on semicoronal STIR images by inexperienced

Table 1
Differential diagnosis for BMO on MRI of sacroiliac joint.
Category Description
Normal Possible related to normal mechanical

stress

Accessory sacroiliac joints, transitional
lumbosacral vertebra (predispose to
mechanical stress and premature
degeneration)

Anatomical variants

Spondyloarthritis
Alternative rheumatic
and metabolic disease

Degeneration/osteoarthritis
Osteitis condensans ilii

Crystal disease

Paget’s disease

Diffuse idiopathic skeletal hyperostosis
Systemic lupus erythematosus
Bechet’s disease

Familial Mediterranean fever
Insufficiency fracture
Hyperparathyroidism

Fractures including stress fractures
Peripartum

Trauma

Septic sacroiliitis
Malignancy
Other

Leukaemia, lymphoma, sarcoma, metastatic
Imaging artefact
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Table 2
MRI reporting categorisation system.
Category Description
1 Normal
2 Alternate diagnosis, e.g. osteoarthritis (degeneration),

DISH, OCI, stress fracture, insufficiency fracture, septic
sacroiliitis, etc.

3 Indeterminate findings (not diagnostic for sacroiliitis), e.g.
minor subchondral BMO, cortical irregularity without
erosions, single erosion, isolated mild enthesitis,
capsulitis.

4 Sacroiliitis
A. Acute (Inflammatory): osteitis/BMO, enthesitis,
capsulitis and/or synovitis
B. Chronic (Structural changes): subchondral sclerosis,
erosions, peri-articular post-inflammatory fat deposition,
new bone formation, bony bridges/ankylosis
C. Acute-on-chronic: active sacroiliitis with structural
changes

readers. Septic sacroiliitis is usually easily discernible with
unilateral widespread inflammation, crossing anatomical
borders far into the bone and adjacent soft tissues. Addi-
tional aetiologies of BMO are outlined in Table 1. A full

description of imaging characteristics is beyond the scope of
this article.

There is thus significant overlap between imaging find-
ings in axial SpA and these alternate pathologies particu-
larly with respect to BMO. A global approach to image
interpretation, incorporating acute and structural changes,
in conjunction with clinical presentation is therefore
essential for diagnosis.

Why is a categorisation system needed for
MRI reporting?

MRI is being increasingly utilised in the diagnosis and
monitoring of axial SpA, and are therefore a key tool in
the clinician’s toolbox. In one study of clinicians, diag-
nostic confidence for AS improved from 29% pre-MRI to
80% post-MRI (p<0.001).>> Of the patients for whom bi-
ologics were proposed pre-MRI, only 52% were recom-
mended biologics post-MRI. Additionally, among the
patients for whom biologics were not recommended pre-
MRI, 31% were recommended biologics post-MRI. Overall,

Figure 2 A 54-year-old woman referred with inflammatory back pain, history of degenerative disc disease and fibromyalgia. (a) Semicoronal T1
and (b) STIR images demonstrating bilateral joint space narrowing of the SIJs with associated mild to moderate subchondral BMO along the
anterior iliac aspect of the right SI joint and anterior sacral aspect left SIJ (arrows), without evidence of erosive disease or post-inflammatory fat
accentuation. Features are in keeping with degenerative disease. Additional image of the same patient, (c) semicoronal STIR demonstrates
localised BMO (arrows) along the superior right alae extending to involve the body of the first sacral vertebra with associated traversing low
signal intensity line (small arrows) and confirmed on semicoronal T1 (d), representing an insufficiency fracture.
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Figure 3 A 35-year-old woman with systemic lupus erythematosus
on steroids developed acute-onset right SIJ pain with limited range of
motion and fever. Coronal T2FS image shows right-sided diffuse
subchondral BMO and periarticular high SIJ collections (arrows)
extending superiorly and inferiorly from right SIJ and surrounding
myositis (arrowhead).

40% of patients had a change in treatment recommenda-
tion after MRL>> The MRI report therefore significantly
impacts diagnosis, clinical decision-making, and subse-
quent management, including the use of biologic drugs.

Equally important, the MRI report profoundly impacts the
individual patient, carrying with it all the implications of
receiving (or not receiving) a particular diagnosis. The
importance of an accurate interpretation could not be
more important.

The radiological diagnosis of sacroiliitis is a global
assessment of both the acute and chronic changes of sac-
roiliitis in conjunction with the provided clinical history and
clinical findings. The current ASAS MRI definition of a pos-
itive MRI, which focuses on BMO for assessment of sacroi-
liitis, should not be automatically equated with the
presence of SpA. In our experience however, with an over-
whelming stream of publications, the ASAS classification
criteria for axial SpA, and thereby the ASAS definition of a
positive MRI, continue to have a significant impact on
diagnosis in clinical practice. Basing MRI diagnosis solely on
the presence of BMO may lead to over-diagnosis as many
conditions may cause a similar appearance on MRI (Table 1).
Additionally, in the absence of BMO, the diagnosis may be
overlooked despite the presence of structural changes. The
indispensable role of MRI in the diagnostic work-up of axial
SpA, accompanied by the many potential pitfalls discussed
herein, led the authors to propose the following catego-
risation system for MRI reporting in clinical practice
(Table 2).

Category 1: Normal. There are no abnormal findings of
spondyloarthritis or alternative diagnosis (Fig 1).

Category 2: Alternate diagnosis. MRI demonstrates fea-
tures consistent with an alternate diagnosis and which may

(d)

Figure 4 A 48-year-old female patient with inflammatory back pain, positive HLA-B27, recurrent iritis, high pretest probability of AS with semi-
coronal (a) T1 (b) and (c) STIR demonstrating moderate subchondral BMO left ilium with a subtle low signal intensity line (arrow image c) in
keeping with a stress fracture confirmed on a follow-up CT examination (d) demonstrating fracture (arrow) with surrounding reactive sclerosis.
Patient later provided an additional history of attendance of a workout boot camp after which she developed symptoms.
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explain the patient’s symptoms. Alternative diagnoses
include degenerative disease, OCI, fractures, and infection
(Figs 2—4). Findings have to be reviewed in conjunction
with patient’s presentation and clinical findings. Review of
prior imaging may be helpful, e.g., prior CT examinations
which may have been performed for alternate reasons, and
may provide useful structural assessment of the SIJs to
supplement the findings on MRIL

Category 3: Indeterminate. MRI demonstrates findings
that may be suspicious for sacroiliitis, but are not diag-
nostic, and do not fulfil one of the other categories, i.e.,
normal, alternative diagnosis, and acute/chronic sacroiliitis
(Fig 5). Findings may include isolated findings, such as mi-
nor subchondral BMO, cortical irregularity without ero-
sions, single erosion on one image without additional
findings, isolated mild enthesitis, or isolated capsulitis.
Category 3 cases give the interpreter the option of calling
such findings “indeterminate” rather that attributing a
diagnosis when faced with uncertainty. These patients can
be reassessed clinically, and follow-up imaging performed
at 6—12 months if there is ongoing clinical concern. This
timeline was selected as studies have demonstrated little
change over short-term interval follow-up with few pa-
tients progressing from a negative MRI to a positive
study>”>%; however, prior studies have not evaluated pa-
tients with indeterminate imaging findings for the most
appropriate follow-up intervals. A 6—12 month time inter-
val may also allow additional clinical features to become
apparent or presenting symptoms to resolve.

Category 4: Sacroiliitis. Findings are consistent with the
presence of acute (active inflammation), chronic (structural
changes), or acute-on-chronic sacroiliitis in the appropriate
clinical context and after the exclusion of category 2 pa-
thologies (Fig 6).1>4°

Discussion

To the authors’ knowledge, this is the first categorisation
system being proposed for clinical use in the reporting of
MRI examinations performed to assess for axial SpA. It
provides several potential benefits. Firstly, the system will
remind the assessor that the presence of BMO does not
necessarily indicate the presence of SpA, and encourage
consideration of the wider differential for SIJ pathology,
including BMO. Secondly, having an “indeterminate” cate-
gory would potentially reduce the temptation or perceived
“pressure” to assign a diagnosis of SpA when findings are
uncertain. Uncertainty often exists, even with the trained
reader. In fact, disagreement between local and central
readers in clinical trials, as well as between central readers,
has been reported to occur in 20—30% of cases.’® We per-
formed an initial preliminary retrospective review of 60
patients referred by a rheumatologist for suspected axial
SpA. All patients had obtained MRI examination of the
entire spine and SlJs. The examinations were reviewed by
an MSK radiologist with 15 years’ experience, blinded to
initial imaging diagnosis, and categorised using our pro-
posed system herein based on imaging and the clinical

(b)

Figure 5 A 34-year-old woman with a 2 year history inflammatory
back pain. Semicoronal (a) T1 sequence demonstrate moderate sub-
chondral sclerosis present on the iliac aspect anteriorly (arrows), mild
joint space loss without erosive disease, (b) STIR demonstrating
prominent subchondral BMO, left greater than right without erosions,
capsulitis, or enthesitis identified. Imaging is non-diagnostic without
additional clinical information. The imaging differential is OCI with
BMO related to a recent additional mechanical stress such as post-
partum changes, OCI with superimposed sacroiliitis is less likely but
remains within the differential. A prior CT abdomen 1 year previous,
not shown, had demonstrated classical features of OCI with triangular
sclerosis along iliac aspects of both SlJs.

information provided at the time of study. This was then
compared with the initial report, performed by a combi-
nation of both musculoskeletal and cross-sectional fellow-
ship trained radiologists, which is reflective of the practice
in most academic centres. We found that the categorisation
system reduced the number of positive diagnoses by 40%
and re-categorised patients into category 2 or 3 (unpub-
lished data). This requires more detailed evaluation, and a
larger retrospective study is underway.
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(b)

Figure 6 A 24-year-old woman with lower back pain, with mixed
mechanical and inflammatory features on history, negative HLA-B27,
and normal inflammatory markers, but chronic bilateral iritis. Semi-
coronal (a) and (b) STIR demonstrate narrowed SIJ spaces bilaterally,
with bilateral extensive erosive disease (arrows) on both sides of the
articulation but without bony ankylosis. Bilateral post-inflammatory
fat accentuation of moderate severity is seen. Asymmetrical, pre-
dominantly right-sided, subchondral BMO of moderate severity is in
keeping with acute-on-chronic sacroiliitis.

Thirdly, the categorisation system can help guide clinical
care, and serve as a universal tool for clinical decision-
making. Like other reporting systems, it should be
reviewed in conjunction with history and clinical findings.
For example, in the appropriate clinical context, an “inde-
terminate” category may prompt a repeat MRI at a later
time (e.g. 6—12 months) to assess for the evolution of dis-
ease. A time period of at least 6 months should be consid-
ered as imaging findings may demonstrate little change
with shorter time intervals.>” On the other hand, patients in

one of the “definite” diagnostic categories would not need
repeat imaging (unless clinically indicated).

Fourthly, the system introduces a universal vocabulary
for communication between radiologists and clinicians, and
within each group. This can reduce misinterpretation and
miscommunication of the MRI report.

Finally, the categorisation system would also increase
awareness of SpA among radiologists not yet familiar with
this entity, and potentially reduce false-negative in-
terpretations. In the authors’ experience, it is not uncom-
mon to receive solely an orthopaedic or neurological
structural interpretation of an MRI ordered for SpA. In a
study from the UK, only 75% of radiologists reported
awareness of axial SpA, whereas awareness of the defini-
tions for positive MRI of the spine and SIJ were reported by
25% and 31% respectively.®® Increased awareness would
potentially lead to improved diagnosis, especially in early
disease.

The proposed system needs to be validated in clinical
practice. Our next steps are to assess the impact of the
system on MRI reporting by radiologists, as well as the
impact on clinical care. Future research will also look at
sensitivity to change of category, and factors affecting such
change.

In conclusion, to our knowledge, this is the first catego-
risation system being proposed for clinical use in the
reporting of MRIs performed to assess for axial SpA. It
presents several advantages: it will potentially reduce false-
positive and false-negative diagnoses, allow for an “inde-
terminate” MRI interpretation, serve as a tool for decision-
making to guide clinical care, introduce a vocabulary for
communication between healthcare providers, and increase
awareness of SpA among radiologists. The system needs to
be validated in clinical practice, and further research is
currently underway.

Conflicts of interest

The authors declare no conflict of interest.

References

1. Helmick CG, Felson DT, Lawrence RC, et al. Estimates of the prevalence of
arthritis and other rheumatic conditions in the United States. Part 1.
Arthritis Rheum 2008;58(1):15—25.

2. Rudwaleit M. New approaches to diagnosis and classification of axial
and peripheral spondyloarthritis. Curr Opin Rheumatol 2010;22:375—80.

3. Walker BF. The prevalence of low back pain: a systematic review of the
literature from 1966 to 1998. J Spinal Disord 2000;13(3):205—17.

4, Nielens H, van Zundert ], Mairiaux P, et al. Chronic low back pain. Good
clinical practice. KCE reports 48 C (D/2006/10.273/71). Brussels: Belgian
Health Care Knowledge Centre; 2006.

5. Sieper ], van der Heijde D, Landewe R, et al. New criteria for inflam-
matory back pain in patients with chronic back pain: a real patient
exercise by experts from the Assessment of SpondyloArthritis interna-
tional Society. Ann Rheum Dis 2009;68(6):784—8.

6. Rudwaleit M, van der Heijde D, Khan MA, et al. How to diagnose axial
Spondyloarthritis early. Ann Rheum Dis 2004;63:535—43.

7. van Tubergen A, Weber U. Diagnosis and classification in spondyloar-
thritis: identifying a chameleon. Nat Rev Rheumatol 2012;8:253—61.

8. Underwood MR, Dawes P. Inflammatory back pain in primary care. Br J
Rheumatol 1995;34:1074—7.


http://refhub.elsevier.com/S0009-9260(19)30199-0/sref1
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref1
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref1
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref1
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref2
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref2
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref2
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref3
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref3
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref3
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref4
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref4
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref4
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref5
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref5
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref5
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref5
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref5
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref6
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref6
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref6
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref7
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref7
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref7
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref8
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref8
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref8

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

J. O'Neill et al. / Clinical Radiology 74 (2019) 684—691

. Maksymowych WP. Imaging in axial spondyloarthritis. Rheum Dis Clin N

Am 2016;42:645—62.

van den Berg R, Lenczner G, Feydy A, et al. Agreement between clinical
practice and trained central reading in reading of sacroiliac joints on
plain pelvic radiographs. Results from the DESIR cohort. Arthritis Rheu-
matol 2014;66:2403—11.

van Tubergen A, Heuft-Dorenbosch L, Schulpen G, et al. Radiographic
assessment of sacroiliitis by radiologists and rheumatologists: does
training improve quality? Ann Rheum Dis 2003;62:519—25.

Lambert RGW, Bakker PAC, van der Heijde D, et al. Defining active sac-
roiliitis on MRI for classification of axial spondyloarthritis: update by the
ASAS MRI working group. Ann Rheum Dis 2016;0:1—6.

Rudwaleit M, Jurik AG, Hermann K-GA, et al. Defining active sacroiliitis
on magnetic resonance imaging (MRI) for classification of axial spon-
dyloarthritis: a consensual approach by the ASAS/OMERACT MRI group.
Ann Rheum Dis 2009;68:1520—7.

Rudwaleit M, van der Heijde D, Landewé R, et al. The development of
Assessment of SpondyloArthritis International Society classification
criteria for axial spondyloarthritis (part II): validation and final selec-
tion. Ann Rheum Dis 2009;68:777—83.

Weber U, Lambert RGW, Ostergaard M, et al. The diagnostic utility of
magnetic resonance imaging in spondyloarthritis: an international
multicenter  evaluation of 187  subjects.  Arthritis  Rheum
2010;62:3048—-58.

Weber U, Maksymowych WP. Advances and challenges in spondyloar-
thritis imaging for diagnosis and assessment of disease. Curr Rheumatol
Rep 2013;15:345.

de Winter ], de Hooge M, van de Sande M, et al. 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.
Arthritis Rheumatol 2018 July;70(7):1042—8.

Weber U, Jurik AG, Zejden A, et al. Frequency and anatomic distribution
of magnetic resonance imaging features in the sacroiliac joints of young
athletes. Arthritis Rheumatol 2018 May;70(5):736—45.

Althoff CE, Sieper ], Song IH, et al. Active inflammation and structural
change in early active axial spondyloarthritis as detected by whole-body
MRI. Ann Rheum Dis 2013;72:967—73.

Slobodin G, Lidar M, Eshed I. Clinical and imaging mimickers of axial
spondyloarthritis. Semin Arthritis Rheum 2017 Dec;47(3):361-8.
Canella C, Schau B, Ribeiro E, et al. MRI in seronegative spondyloar-
thritis: imaging features and differential diagnosis in the spine and
sacroiliac joints. AJR Am ] Roentgenol 2013;200:149—57.

Jans L, Van Praet L, Elewaut D. MRI of the SI joints commonly shows
non-inflammatory disease in patients clinically suspected of sacroiliitis.
Eur | Radiol 2014 Jan;83(1):179—84.

Baillet A, Gastaldi R, Ravey ]JN, et al. Bone marrow oedema in the
sacroiliac joint degenerative sacroiliac joint disease might be more
likely than spondyloarthritis: comment on the article by Turina et al.
Arthritis Rheumatol 2017 May;69(5):1123—4. 1616.

Arnbak B, Jensen RK, Manniche C. Identification of subgroups of in-
flammatory and degenerative MRI findings in the spine and sacroiliac

25.

26.

27.

28.

29.

32.

33.

34,

35.

36.

37.

38.

39.

40.

691

joints: a latent class analysis of 1037 patients with persistent low back
pain. Arthritis Res Ther 2016 Oct 13;18(1):237.

Jacobson JA, Girish G, Jiang Y, et al. Radiographic evaluation of arthritis:
degenerative joint disease and variations. Radiology 2008
Sep;248(3):737—47.

Shibata Y, Shirai Y, Miyamoto M. The aging process in the sacroiliac
joint: helical computed tomography analysis. J Orthop Sci
2002;7(1):12—8.

Backlund J, Clewett Dahl E, Skorpil M. Clin Radiol. Is CT indicated in
diagnosing sacroiliac joint degeneration? 2017 Aug;72(8). 693.e9-
693.e13.

Klang E, Lidar M, Lidar Z. Prevalence and awareness of sacroiliac joint
alterations on lumbar spine CT in low back pain patients younger than
40 years. Acta Radiol 2017 Apr;58(4):449—-55.

Olivieri I, Ferri S, Barozzi L. Osteitis condensans ilii. Br J Rheumatol
1996;35:295—7.

. Schueller-Weidekamm C, Mascarenhas VV, Sudol-Szopinska I, et al.

Imaging and interpretation of axial spondyloarthritis: a radiologist’s
perspective—consensus of the Arthritis Subcommittee of the ESSR.
Semin Musculoskelet Radiol 2014;18:265—79.

. Murthy NS. Imaging of stress fractures of the spine. Radiol Clin North Am

2012 Jul;50(4):799—821.

Memetoglu OG, Ozkan FU, Boy NS. Sacroiliitis or insufficiency fracture?
Osteoporos Int 2016 Mar;27(3):1265—8.

Arad U, Elkayam O, Eshed I. Magnetic resonance imaging in diffuse
idiopathic skeletal hyperostosis: similarities to axial spondyloarthritis.
Clin Rheumatol 2017;36:1545—9.

Latourte A, Charlon S, Etcheto A. Imaging findings suggestive of axial
spondyloarthritis in diffuse idiopathic skeletal hyperostosis. Arthritis
Care Res (Hoboken) 2018 Jan;70(1):145—52.

Carmona R, Harish S, Linda D. MRI of the spine and sacroiliac joints for
spondyloarthritis: influence of clinical diagnostic confidence and pa-
tient management. Radiology 2013;269:208—15.

van der Berg R, Lenczner G, Thevenin F, et al. Classification of axial SpA
based on positive imaging (radiographs and/or MRI of the sacroiliac
joints) by local rheumatologists or radiologists versus central trained
readers in the the DESIR cohort. Ann Rheum Dis 2015;74(11):2016—21.

Jarrett SJ, Sivera F, Cawkwell LS, et al. MRI and clinical findings in pa-
tients with ankylosing spondylitis eligible for anti-tumour necrosis
factor therapy after a short course of etoricoxib. Ann Rheum Dis
2009;68:1466—9.

Sengupta R, Marzo-Ortega H, McGonagle D, et al. British Society for
Spondyloarthritis: short-term repeat magnetic resonance imaging scans
in suspected early axial spondyloarthritis are clinically relevant only in
HLA-B27-positive male subjects. ] Rheumatol 2018;45:202—5.

Bennett A, Marzo-Ortega H, Kaur-Papadakis D, et al. The use of MRI in
axial SpA: time to bridge the gap between radiologists and rheuma-
tologists. ] Rheumatol 2017;44(6):780—5.

Weber U1, @stergaard M2, Lambert RG, et al. Candidate lesion-based
criteria for defining a positive sacroiliac joint MRI in two cohorts of
patients with axial spondyloarthritis. Ann Rheum Dis 2015
Nov;74(11):1976—82.


http://refhub.elsevier.com/S0009-9260(19)30199-0/sref9
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref9
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref9
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref10
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref10
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref10
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref10
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref10
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref11
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref11
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref11
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref11
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref12
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref12
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref12
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref12
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref13
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref13
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref13
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref13
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref13
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref14
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref14
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref14
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref14
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref14
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref14
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref15
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref15
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref15
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref15
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref15
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref16
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref16
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref16
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref17
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref17
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref17
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref17
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref17
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref17
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref18
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref18
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref18
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref18
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref19
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref19
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref19
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref19
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref20
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref20
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref20
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref21
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref21
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref21
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref21
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref22
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref22
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref22
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref22
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref23
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref23
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref23
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref23
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref23
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref24
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref24
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref24
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref24
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref25
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref25
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref25
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref25
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref26
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref26
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref26
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref26
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref27
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref27
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref27
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref27
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref28
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref28
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref28
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref28
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref29
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref29
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref29
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref30
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref30
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref30
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref30
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref30
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref30
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref31
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref31
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref31
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref32
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref32
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref32
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref32
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref33
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref33
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref33
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref33
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref34
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref34
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref34
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref34
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref35
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref35
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref35
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref35
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref36
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref36
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref36
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref36
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref36
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref37
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref37
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref37
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref37
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref37
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref38
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref38
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref38
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref38
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref38
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref39
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref39
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref39
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref39
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref40
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref40
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref40
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref40
http://refhub.elsevier.com/S0009-9260(19)30199-0/sref40

	Commentary on: reporting in axial spondyloarthritis: proposal for an MRI reporting system
	Introduction
	Clinical challenges in diagnosing axial SpA
	Imaging challenges in diagnosing axial SpA
	Imaging differential diagnosis
	Why is a categorisation system needed for MRI reporting?
	Discussion
	Conflicts of interest
	References


