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Abstract Advanced imaging has become essential for recog-
nition of clinically suspected early spondyloarthritis. This re-
port summarizes recent progress towards a data-driven com-
prehensive definition of a positive sacroiliac joint MRI in axial
spondyloarthritis, which incorporates contextual information
provided by structural lesions alongside with active changes.
A focus is on emerging limitations and challenges with in-
creasing use of imaging in spondyloarthritis. We discuss the
ongoing controversy as to whether sacroiliac joint MRI due to
its superior reliability and ability to depict both structural and
active lesions should be the preferred imaging modality in
early disease over the traditional approach with pelvic radio-
graphs. Another challenge is transferring the expanding
knowledge about imaging evaluation in spondyloarthritis to
the community of rheumatologists and radiologists. Advanced
imaging modalities will not become the gold standard for
diagnosis of spondyloarthritis, which remains a process of

composite deduction based on complementary information
obtained from clinical, laboratory, and imaging assessment.
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Introduction

Inflammation of the sacroiliac joints (SIJ) is the presenting
feature in most patients with early axial spondyloarthritis
(SpA). However, symptom overlap between inflammatory
and mechanical back pain is considerable, and accessibility
of the SIJ to clinical examination is limited. In view of this
dilemma in daily routine, imaging of the SIJ has become the
most important examination to assist in early recognition of
SpA (Fig. 1). While it may take up to 10 years for the first
structural lesions to appear on pelvic radiography, magnetic
resonance imaging (MRI) has the potential to detect inflam-
mation at the very first manifestation of sacroiliitis. Moreover,
MRI has been shown to demonstrate inflammation-related
structural SIJ lesions in 60–90 % of SpA patients already in
the first 2 1/2 years after symptom onset [1, 2].

Imaging and in particular MRI to complement the limited
utility of clinical examination for sacroiliitis raised expecta-
tions to enhance diagnostic confidence in the challenging set-
ting of clinically suspected early SpA. This is mirrored by the
Assessment in Spondyloarthritis International Society
(ASAS) classification criteria for axial SpA, which incorpo-
rate for the first time MRI of the SIJ as major criterion in the
imaging arm [3, 4]. The initial consensus-based ASAS pro-
posal about which imaging features may constitute a positive
SIJ MRI indicative of SpAwas based on bone marrow edema
(BME) alone being Bhighly suggestive of SpA^ [5].
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However, several investigations in recent years shed doubt
on definitions based on BME alone and suggested data-driven
proposals about which SIJ MRI features proved most indica-
tive of early sacroiliitis. Imaging of early sacroiliitis remains a
matter of debate, with the recommendation that the definition
of a positive MRI in SpA should be highly specific and de-
veloped by a data-driven process [6•]. A major concern is
limited specificity of SIJ BME alone to discriminate inflam-
matory from the more common mechanical back pain.
Another issue of growing relevance is the role of structural
SIJ lesions along with BME not only to facilitate recognition
of early disease but also to improve specificity with this diag-
nosis. In addition, there are several unresolved pivotal issues
towards a comprehensive definition of what constitutes a pos-
itive MRI in early SpA, such as standardization of the imaging
technique, the lack of an Bobjective^ gold standard to calibrate
findings on imaging, and an unmet need to disseminate ad-
vances in imaging in SpA among both rheumatologists and
radiologists. This article reviews the latest advances in the
field with a focus on limitations and challenges to using im-
aging in early SpA.

Controversies Towards a Definition of a Positive SIJ
MRI for Spondyloarthritis

Limited Specificity of BME Alone to Define a Positive SIJ
MRI for SpA

Since our latest review on the topic in this journal [7], several
initiatives provided insight how to proceed towards a data-
driven definition of a positive SIJ MRI in SpA. An initial
consensual proposal by experts in the field in 2010 was based
on SIJ BME alone [5] without taking into account potential

concomitant structural lesions on SIJ MRI, which appear al-
ready in the first 2 years after symptom onset. However, the
characterization of BME in this definition as being Bhighly
suggestive of SpA^ remained controversial. Which additional
features such as location, extent, demarcation, or intensity of
BMEwould increase specificity to meet this requirement to be
highly suggestive of SpA? Does interpretation of fluid-
sensitive signal changes alone differ among rheumatologists,
radiologists, and primary care providers? An operational
amendment to this initial definition required the presence of
at least two BME lesions on a single SIJ slice or of a BME
lesion observed in the same SIJ quadrant on at least two con-
secutive slices.

However, subsequent controlled studies, which demon-
strated SIJ BME in up to 30 % of mechanical back pain pa-
tients and of healthy controls, called into question the speci-
ficity of SIJ BME as the onlyMRI feature to discriminate SpA
from Non-SpA back pain patients [7] (Fig. 2). The high prev-
alence of nonspecific SIJ BME was recently confirmed in a
large study from Denmark in patients with back pain of 2–
12 months duration recruited from primary care [8•]. Twenty-
one percent of 1020 consecutive back pain patients aged 18–
40 years showed SIJ BME meeting the ASAS definition of a
positive SIJMRI for SpA, 42% ofwhom had low-grade BME
not exceeding 25 % of the subcortical bone area. A controlled
study in 26 patients with juvenile SpA reported a nearly iden-
tical prevalence of mostly subtle non-specific SIJ BME in
20 % of the 35 controls with a mean age of 15.1 years [9•].

The reasons for the common finding of SIJ BME also in
non-SpA back pain patients and even healthy controls, both in
the mature and growing skeleton, remain poorly understood
and speculative. Mechanical stress, particularly in the antero-
superior and inferior SIJ portion, might induce BME lesions,
potentially related to degenerative changes, lumbosacral

Fig. 1 Morphology of the most relevant lesion types on sacroiliac joint
MRI in early axial spondyloarthritis. 21-year-old, HLA B27-positive
male patient with inflammatory back pain for 3 years. The MRI shows
extended bonemarrow edema (white arrows) predominantly on the sacral
side of both sacroiliac joints on the STIR sequence (right image). The
T1SE sequence (left image) displays fat metaplasia (black arrows) mainly
in the right sacroiliac joint within and outside areas with bone marrow

edema. Erosion (white arrowheads) in the right sacroiliac joint can be
demonstrated already at this early disease stage. The evaluation of
concomitant lesion types by scrolling simultaneously through
synchronized DICOM images of both sequences is the basis for
contextual global assessment of a MRI examination. Uniform symbols
for annotations. White arrow: bone marrow edema, black arrow: fat
metaplasia, white arrowhead: erosion
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transitional anomalies, or increased axial load. Ongoing re-
search initiatives focus on a potential association of SIJ MRI
features with high impact sports or multiparity (Fig. 3).
Potential alternative explanations comprise reactive changes
to anatomical SIJ variants [10, 11•], or increased signal from
vascular variants mimicking BME on fluid-sensitive MRI se-
quences. Altered vascularity in the growing skeleton might be
a putative reason for SIJ BME lesions in children. This lack of
specificity particularly of low-grade SIJ BME, which can be
seen both in mechanical and early inflammatory back pain,

has shifted the research focus in recent years towards structur-
al lesions of the SIJ.

Pivotal Role of Structural Lesions on SIJ MRI
for Recognition of Early SpA

Structural lesions on pelvic radiographs have remained the
cornerstone of SIJ assessment over many decades [12, 13].
Tomographic imaging modalities such as MRI offer superior
technical standards to recognize structural lesions compared

Fig. 2 Extended bone marrow
edema in the sacroiliac joint of a
healthy volunteer. 31-year-old
female healthy volunteer without
back pain and not overweight.
The STIR sequence shows bright
bone marrow edema signal (white
arrows) in the distal right ilium on
four consecutive slices meeting
the ASAS definition of a positive
sacroiliac joint MRI in
spondyloarthritis. The
corresponding T1SE sequences
are pristine. The reason for this
lesion remains speculative,
ranging from possible vascular
signal to putative stress edema.
Uniform symbols for annotations,
white arrow: bone marrow edema
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with summation images provided by radiography. Structural
changes on SIJ MRI, with erosion showing high specificity in
previous systematic controlled studies, are observed in 60–
90 % of early SpA patients with a mean symptom duration

of 2 ½ years, and may contribute to diagnostic utility of SIJ
MRI above SIJ BME alone [1, 2]. Structural SIJ lesions ap-
pear early also in juvenile SpA. In a prospective cross-
sectional study of 40 children with newly diagnosed juvenile

Fig. 3 a, b MRI features
mimicking spondyloarthritis—
bone marrow edema bordering
ileitis condensans. 32-year-old,
HLA B27-negative woman with
persisting inflammatory back pain
starting in the second trimester of
her first pregnancy. The upper
row shows sacroiliac joint MRI
2 years after giving birth, the
lower row 3 years thereafter with
milder pain intensity. Initially
intense left-sided sacral bone
marrow edema (white arrows)
bordering extended sclerosis
(black arrowheads on T1SE
sequence) in the left sacroiliac
joint is decreasing over
12 months. The pelvic radiograph
(Fig. 3b) shows ileitis condensans
(black arrowheads)
corresponding to the sclerotic area
on sacroiliac joint MRI. Uniform
symbols for annotations. White
arrow: bone marrow edema,
black arrowhead: sclerosis
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SpA according to the International League of Associations for
Rheumatology (ILAR), 7 (88 %) of 8 children showing BME
also had evidence of concomitant erosion or sclerosis [14]. A
controlled retrospective study in 26 children with juvenile
SpA fulfilling the same classification criteria showed erosion
in 58 % of the patients after mean symptom duration of
2.2 years [9•].

Moreover, MRI is unique among musculoskeletal imaging
modalities to depict concomitant active and structural lesions,
and their anatomical distribution by the tomographic tech-
nique. Evaluation of SIJ MRI is contextual: the significance
of subtle changes on one sequence may be modified by the
presence or absence of other lesion types on a complementary
sequence, whichmay impact confidence in a diagnosis of SpA
(global assessment). The significance of low-grade bone mar-
row edema on the STIR sequence often depends on what is
seen on the T1SE sequence, especially erosion. Any definition
of a positive SIJ MRI restricted to one single lesion (lesion-
based assessment) is a priori limited by contextual interpreta-
tion of various lesion types occurring concomitantly on SIJ
MRI. The incorporation of structural lesions into a definition
of a positive MRI in SpA may not only enhance diagnostic
utility but also facilitate the notoriously challenging interpre-
tation of subtle BME in the SIJ.

Recent Data on Structural Lesions to Define a Positive SIJ
MRI in SpA

A recent report on diagnostic utility of SIJ MRI in two inde-
pendent back pain cohorts from Canada and Switzerland with
different recruitment modes [15•] proposed candidate lesion-
based criteria by combining BME and/or erosion for defining
a positive SIJ MRI in SpA. Global assessment, which served
as reference standard to test various combinations of lesion-
based assessment, showed high specificity of 0.95/0.83 in the
two cohorts compared to the ASAS definition based on ≥2
BME lesions (specificity 0.76/0.74). An increase in threshold
of BME lesions to ≥3 (0.89/0.84) or ≥4 (0.92/0.87) resulted in
comparably high specificity to global assessment. Erosion ≥2
lesions and/or BME ≥3 or ≥4 lesions yielded comparably high
sensitivity to global assessment without affecting specificity.
These combined criteria based on erosion and/or BME
showed both higher sensitivity and specificity than the
ASAS definition containing BME alone, a finding which re-
flects the contextual information provided by T1SE and STIR
sequences. The Canadian/Swiss study focusing on non-
radiographic early SpA patients had three control groups.
Positive controls consisted of radiographically confirmed an-
kylosing spondylitis patients, and healthy volunteers served as
negative controls. The third clinically relevant control sample
consisted of mechanical back pain patients, which represent
the most challenging differential diagnostic condition of early
inflammatory back pain. This study design allows for

comparison and combination of all possible features on SIJ
MRI. Study subjects were classified according to rheumatol-
ogist expert opinion based on clinical examination, pelvic ra-
diography, and laboratory values. Studies in other cohorts
with early SpA are needed to determine which of the high
priority candidate criteria identified in this analysis perform
best across the spectrum of SpA seen in clinical practice.

A major unresolved challenge in imaging studies in SpA is
the selection of the gold standard with which to compare MRI
evaluation. The traditional reference standard used in SpA is
rheumatologist expert opinion, which consistently served for
deriving the European Spondyloarthropathy Study Group
(ESSG), Amor and ASAS classification criteria over the last
2 decades. Rheumatologist expert opinion was deemed to be
the most appropriate approach to integrate the results of vari-
ous examination modalities, as no single clinical, laboratory,
or imaging assessment is able to capture the entire spectrum of
axial, peripheral, and extraskeletal manifestations in SpA.
Predictive validation of assignments based on clinical grounds
is needed, but prospective cohort studies are often limited by
substantial attrition rates, particularly in slowly evolving con-
ditions such as SpA. Histology of SIJ biopsies as alternative
gold standard to evaluate SIJ MRI findings is limited by fea-
sibility issues in daily practice.

Another report in patients with recent-onset chronic back
pain from five centers in The Netherlands, Norway, and Italy
evaluated the diagnostic utility of structural SIJ lesions only
[16•]. An individual lesion was defined according to its pres-
ence on two consecutive coronal slices through the SIJ.
Performance was best with ≥3 erosions (i.e., potentially up
to six slices with an erosion), ≥3 fatty lesions, or a combined
cut-off of ≥5 erosions and/or fatty lesions. However, patients
were enrolled according to the ASAS definition of a positive
SIJ MRI based on BME alone and this information was avail-
able to the rheumatologist formulating the gold standard ex-
pert opinion as to the diagnosis of SpA. This recruitment strat-
egy raises concerns regarding circularity in identifying opti-
mal lesion definitions for classification and limits the evalua-
tion of candidate definitions incorporating structural lesions at
various thresholds or of potential combined definitions con-
taining both structural and/or active changes. Another limita-
tion was the definition of control subjects as having ≤2 SpA
items from the ASAS classification criteria set, which was
considered to reflect low likelihood for SpA. Evidence is lim-
ited whether chronic back pain subjects meeting up to 2 SpA
features can be regarded as having non-specific back pain, the
most relevant control group in diagnostic utility studies in
early SpA. The control group with ≤2 SpA features and the
early SpA group defined by positive SIJ MRI according to the
ASASMRI definition showed similar frequency of inflamma-
tory back pain (56 versus 67 %) and good response to non-
steroidal anti-inflammatory drugs (29 versus 35 %).
Moreover, controls showing up to 2 SpA features are not
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equivalent to a control group of healthy volunteers, who are
essential to assess the clinically relevant Bbackground noise^
on MRI of the SIJ.

In 80 consecutive patients aged <16 years who met the
ILAR classification criteria for juvenile SpA, the combination
of erosion and BME provided the highest diagnostic utility on
unenhanced SIJ MRI [17]. These results in the growing skel-
eton are in accordance with the superior performance of the
same lesion combination in adult SpA patients in the
Canadian/Swiss study.

Which lesion types should be incorporated into lesion-
based criteria to reach an optimal balance between sensitivity
and specificity? Relevant factors for selecting certain MRI
lesions over others are their reproducibility, specificity, and
redundancy of information. In the Canadian and Swiss SpA
inception cohorts, mean intraclass correlation over six reader
pairs for the number of affected SIJ quadrants was comparably
high for BME with 0.75–0.88 and erosion with 0.71–0.82
[15•], compared to only moderate reliability of fat metaplasia
of 0.59–0.75 [18]. The limited diagnostic utility of fat meta-
plasia was mainly due to its strong association with concom-
itant BME and/or erosion, which highlights the mostly redun-
dant information provided by fat metaplasia compared with
BME and/or erosion.

Definition of Active Sacroiliitis on MRI Updated

Based on a systematic literature review, the ASASMRI work-
ing group recently updated the definition of active sacroiliitis
on MRI for classification of axial SpA [19•]. The group de-
cided to continue to focus on active sacroiliitis. However, it
was deemed essential that readers of a MRI scan simulta-
neously view sequences designed to identify inflammation
and sequences that focus on depiction of structural damage.
This new direction takes into account also structural findings
to facilitate recognition of active sacroiliitis and thus incorpo-
rates the contextual information contained in both T1SE and
STIR sequences. The assessment of notoriously challenging
subtle SIJ BME lesions may be influenced by the presence of
concomitant structural damage, especially erosion. The next
step towards a comprehensive definition of a positive SIJMRI
in axial SpA, which incorporates both structural and active
lesions, has been assigned top priority on the research agenda.

What Is the Role of Spine MRI in Recognition of SpA?

The Canadian/Swiss inception cohorts examined a potential
incremental value of additional spine MRI in the challenging
setting of clinically suspected axial SpA but negative or in-
conclusive SIJ MRI [20•]. Surprisingly, combined spine and
SIJ MRI added little incremental value compared with SIJ
MRI alone for diagnosing patients with nonradiographic axial
SpA. Enhancement in sensitivity by 16–24 % true positive

assignments was offset by a loss in specificity of similar de-
gree with 11–27 % false positive assignments. Vertebral cor-
ner lesions on spine MRI were the main drivers towards mis-
classification of controls. Caution is warranted if a classifica-
tion of SpA is based on spinal MRI alone, where an additional
assessment of the SIJ may be advisable.

A separate analysis of the same dataset focused on potential
thresholds of spinal MRI to discriminate nonradiographic ax-
ial SpA frommechanical back pain patients [21•]. None of the
previous candidate spinal thresholds (>2 or >3 corner inflam-
matory lesions (CIL) or >6 corner fatty lesions (CFL)) [22] for
a positive spinal MRI in axial SpA showed clinically relevant
diagnostic utility in nonradiographic axial SpA (positive like-
lihood ratios (LR) of 1.38–2.36). Only a threshold of >6 CILs
had moderate to substantial diagnostic utility by positive LR
of 6.74–13.26, while CFL did not contribute to diagnostic
utility even at a cut-off of ≥10 lesions.

A similar analysis of spine MRI over a broad range of
cut-offs separately for inflammatory and fatty lesions was
also conducted in the above ment ioned Dutch,
Norwegian, and Italian multicenter cohort with recent-
onset chronic back pain [16•]. Aiming at a specificity of
≥95 % in the control group with ≤2 SpA features, the
authors found cut-offs for a positive spinal MRI of ≥5
CIL or CFL. Comparable spinal cut-offs of >6 and ≥5
CIL in the Swiss/Canadian and the Dutch/Norwegian/
Italian cohorts despite different design and gold standard
suggest that the threshold of ≥3 CIL as proposed by
ASAS may be too low. Interestingly, the study by de
Hooge et al. showed an age-dependent increase of thresh-
olds (≥3 CIL or CFL <35 years at symptom onset versus
≥6 CIL or ≥7 CFL with onset of back pain between 35
and 45 years), suggesting an age-dependent increase of
both lesion types also in non-SpA controls. Two recent
reports in patients aged 18–40 and 16–45 years, respec-
tively, with persisting low back pain confirmed a high
prevalence of degenerative spinal changes in 87 and
89 % of subjects and consistently showed an age-
dependent increase in lesion frequency [23, 24]. Young
patients referred to rheumatologic evaluation of suspected
inflammatory back pain are likely to have concomitant
degenerative spinal changes, which may be challenging
to discriminate from inflammatory lesions on spinal
MRI. These results question the approach of defining can-
didate thresholds indicating SpA based on spine MRI
alone, without taking into account concomitant lesions
on SIJ MRI or in postero-lateral spinal structures.

Backfill—a Unique MRI Lesion as Key Intermediary
Between Erosion and Ankylosis

The term Bbackfill,^ characterized by a unique morphological
appearance on SIJ MRI, has been coined for repair tissue
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refilling excavated bone in the SIJ in longstanding SpA [25].
SIJ erosion in SpA is morphologically heterogeneous onMRI.
Localized erosion defined by a circumscribed breach of the
cortical bone and loss of bone marrow matrix signal on the
T1SE sequence represent one end of the spectrum, while con-
fluence of multiple erosions typically on the iliac side can lead
to extended erosion along the entire joint extent. In advanced
disease, areas of previous erosion may display high signal
intensity changes on T1SE sequences in some patients, which
may reflect fat metaplasia eventually leading to ankylosis.
Backfill on SIJ MRI is clearly demarcated from adjacent nor-
mal bone marrow by an irregular dark signal reflecting scle-
rosis at the border of the eroded bone [26] (Fig. 4).

The evolution of erosion to ankylosis via the repair tissue
backfill was previously based on anecdotal evidence in ad-
vanced disease with serial MRI examinations over several
years. Two recent studies, however, support a disease model
whereby ankylosis develops following repair of erosion with
backfill as key intermediary step in this pathway. A prospec-
tive observational cohort with 147 AS patients, who met the
modified NYc, showed that resolution of inflammation and
reduction of erosion were each independently associated with
the development of new backfill and fat metaplasia at 2 years
on multivariate analysis [27•]. In a randomized controlled trial
in 52 patients with axial SpA, defined by the ESSG criteria or
sacroiliitis on pelvic radiographs or SIJ MRI, tumor necrosis
factor inhibitor treatment with adalimumab over 12 weeks
was associated with resolution of erosion and development
of backfill [28•]. Histopathology from targeted biopsies in
areas of MRI-defined backfill is not available. However, such
biopsies might provide insight into repair mechanisms in SpA
once the erosive process is initiated, and might help in inves-
tigating effects of treatment on the development of structural
lesions.

Controversies in Technical Protocols for MRI Acquisition

Routine MRI protocols to assess active and structural lesions
of the axial skeleton in SpA patients contain by consensus
complementary Bfat-sensitive^ T1SE and Bfluid-sensitive^
STIR or T2 weighted fat saturated sequences. MRI sequences
to facilitate detection of erosion, the key lesion for structural
damage in SpA, are candidate amendments to standard MRI
protocols. A recent randomized controlled trial comparing
sulfasalazine versus etanercept in SpA patients meeting the
ASAS classification criteria showed superior reliability of
T1 weighted opposed-phase gradient-echo sequences, which
are directed at superior detection of structural SIJ damage,
versus traditional T1SE sequences resulting in intraclass cor-
relation values for erosion of 0.65 versus 0.18, respectively
[29].

Standard MRI protocols in SpA are based on image acqui-
sition in tilted semicoronal planes running parallel to the long
axis of the SIJ. This technique allows topographical compar-
ison simultaneously of active and structural lesions.
Semicoronal slices readily discriminate the posterior-
superior ligamentous from the antero-inferior cartilaginous
joint compartment, where inflammation usually starts. A re-
cent study based on semicoronal SIJ slices concluded that the
ligamentous compartment provided no incremental diagnostic
value for axial SpA, but concomitant BME in both compart-
ments may help discriminate early axial SpA frommechanical
back pain patients [30]. Combining semicoronal slices with
perpendicular axial slice orientation provides superior ana-
tomical information and may better assist to detect the ana-
tomical site of disease-specific characteristics and to recognize
anatomical variants simulating disease such as vascular sig-
nals mimicking low-grade BME or inherent joint space irreg-
ularities simulating erosion [11•, 31].

Fig. 4 Backfill—a key intermediary MRI lesion between erosion
and ankylosis. 39-year-old, HLA B27-positive male patient with anky-
losing spondylitis meeting the modified New York criteria, symptom
duration 10 years. The baseline T1SE sequence on the left side shows
extended confluent erosion excavating the iliac bone on both sides. A fine
irregular black line representing sclerotic tissue (black arrowheads) is
separating the original iliac bone (on the left side with fat metaplasia in
the distal third) from metaplastic tissue refilling the excavated iliac bone

and displaying bright signal on T1SE sequence, which is termed backfill
(white asterisks). The T1SE sequence on the follow-upMRI (right image)
under anti TNFα treatment 10 years later shows a near complete resolu-
tion of the erosive process by integration of previous areas of backfill into
iliac bone, leaving but a narrow sclerotic rim of the original joint space
(white hash signs) which shows as ankylosis on pelvic radiograph.
Uniform symbols for annotations. Black arrowhead: sclerosis, white
asterisks: backfill, white hash sign: ankylosis
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Should we apply contrast media for MRI in SpA? A grow-
ing body of evidence over the last decade consistently showed
that gadolinium-enhanced sequences, which cause discomfort
to patients and considerable extra costs, have no incremental
value towards detection of sacroiliitis [7]. The additional in-
formation was redundant: synovitis, capsulitis, and enthesitis
visualized by gadolinium administration were observed only
in the presence of BME detected by STIR alone, which
allowed a diagnosis of SpA also without contrast application.
Complete redundancy of additional findings detected by con-
trast enhancement compared to STIR sequences alone has
recently been confirmed in 68 adult patients with early inflam-
matory back pain of less than 2 years duration [32], as well as
in 51 patients with clinically suspected or diagnosed juvenile
SpA [33] and in 80 children meeting the ILAR criteria for
juvenile SpA [34]. STIR sequences alone are sufficient to
detect axial inflammation in adult and juvenile SpA. The use
of contrast medium is not needed, unless for clinically
suspected differential diagnostic conditions such as septic
sacroiliitis or malignancy.

Should nonsteroidal anti-inflammatory drugs (NSAID), the
standard treatment in SpA, be temporarily discontinued before
an axial MRI, under the assumption that NSAID might alter
BME lesions? A pilot study in 2009 showed no significant
reduction of SIJ and thoracolumbar BME after an open-label
6-week trial with etoricoxib in 20AS patients [35]. Two recent
trials confirmed these results. An uncontrolled trial explored
the impact of a full-dose NSAID treatment over 6 weeks on
SIJ BME after a washout period of 14–20 days prior to base-
line MRI [36]. There was no clinically relevant decrease in
extent of SIJ BME according to the SPARCC score, but min-
imal loss in BME intensity in 20 patients with clinically
suspected axial SpA, who met the ASAS definition of a pos-
itive SIJ MRI. A double-blind, randomized controlled trial in
50 patients with chronic nonspecific low back pain compared
celecoxib versus acetaminophen over 4 weeks with a washout
period of 14 days prior to baseline MRI [37]. In accordance
with previous reports, SIJ and spine inflammation according
to SPARCC scores did not change with either of the two
compounds. These data support the current practice to contin-
ue NSAID treatment when ordering axial MRI in patients
suspected to have SpA.

Should SIJ MRI Replace Pelvic Radiographs
in Recognition of Early SpA?

The EULAR recommendations for the use of imaging in
the diagnosis and management of SpA in clinical practice
state that conventional radiography of the SIJ is recom-
mended as the first imaging method to diagnose
sacroiliitis [38•]. If the diagnosis of axial SpA cannot be
established based on clinical features and conventional
radiography, and axial SpA is still suspected, MRI of the

SIJ is recommended. This statement is supported by the
European Society of Musculoskeletal Radiology [39].
Radiographic evaluation of SIJ according to the modified
NYc [13] is the gold standard in classification of axial
SpA. However, several studies applying these criteria
have consistently shown limited agreement among trained
readers with kappa values around 0.5 [40]. A post hoc
analysis of pelvic radiographs by trained central readers
in two interventional trials in non-radiographic axial SpA
resulted in re-classification of 36 and 37 % of the patients
regarding fulfillment of the radiographic modified NYc
[41, 42], which raised concerns in a public hearing of
the Food and Drug Administration in 2013, whether ra-
diographic classification is appropriate for clinical trials in
early axial SpA [43].

Concerns about limited reliability of radiographic
modified NYc in suspected early SpA were fuelled by
a recent report highlighting only moderate agreement
(kappa 0.54) of SIJ evaluation on pelvic radiographs
by central rheumatologist and radiologist readers in a
SpA inception cohort [44•]. Conversely, assessment of
SIJ MRI in the same cohort according to the ASAS
definition based on active inflammatory lesions showed
substantial agreement among central readers with a kap-
pa value of 0.73 [45•]. Superior performance of SIJ
MRI has also been reported in juvenile SpA [9•]. In a
controlled retrospective study of 26 patients with juve-
nile SpA, global assessment was much more reliably
made on SIJ MRI (kappa 0.80) compared to pelvic ra-
diography (kappa 0.30).

A potential source for disagreement in the modified
NYc is the lack of standardized and validated definitions
for the five radiographic lesion types contained in the
original description [12, 13]. Furthermore, there is only
limited data regarding their frequency and morphology
in mechanical back pain patients, in subjects with high
physical activity, or in healthy controls. The modified
NYc derived from a cohort of 183 HLA-B27 positive
AS patients, their HLA-B27 positive or negative first-
degree relatives and population controls [13] may not be
directly applicable to back pain patients clinically
suspected to have early axial SpA. Concordance rates in
radiographic mNYc may depend on the proportion of AS
patients in a given study sample. Substantial reliability
with kappas of 0.66–0.69 between two trained rheumatol-
ogist readers was recorded in a study of 217 AS patients
who all met the modified NYc [46]. However, a recent
report on a SpA inception cohort with only 15.7 % mod-
ified NYc positive back pain patients found an only fair
reproducibility (kappa 0.39) among seven radiology and
rheumatology readers with varying experience in imaging
in SpA [40]. The limited reliability of the modified NYc
may contribute to substantial measurement error when
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assessing sacroiliac radiographic progression in early SpA
[47•]. Blinded evaluation of baseline and 2 years follow-
up pelvic radiographs in a cohort of 449 clinically defined
recent onset SpA patients showed a progression rate from
modified NYc negative to positive subjects of 4.9 % after
2 years, but unexpectedly also a regression rate of com-
parable magnitude with 5.7 % switching back from mod-
ified NYc positive to negative.

A paradigmatic shift of the traditional approach to use pel-
vic radiography as first-line imaging assessment for classifi-
cation of SpA seems premature. Radiography is readily avail-
able nearly worldwide and can be performed with minimal
time loss and at relatively low costs. These feasibility issues
do not apply to the potential alternative, MRI of the SIJ, which
has limited or no access in many parts of the world. However,
a critical re-appraisal of using pelvic radiographs in the clini-
cal setting of suspected early SpA is warranted, and in health
care settings, where SIJ MRI is readily available, it may be the
preferred imaging modality in early axial SpA.

Future Directions

There is international consensus that the definition of a posi-
tive SIJ MRI in SpA is based on simultaneous assessment of
concomitant structural and active lesions on T1SE and STIR
sequences. This global assessment of SIJ MRI consistently
showed the highest specificity compared to lesion-based as-
sessment. The most important next step is to establish a com-
prehensive lesion-based definition containing both structural
and active lesion types, erosion being the most reliable candi-
date to represent structural changes. Candidate definitions of a
positive SIJ MRI in SpA should be tested in longitudinal and
unselected cohorts of chronic back pain patients without ap-
plying classification criteria containing MRI features to avoid
circularity issues.

A major limitation to interpretation of MRI of the axial
skeleton is lack of data in clinically relevant control groups.
Important steps towards a comprehensive lesion-based defini-
tion of a positive SIJ MRI in SpA are data from large cohorts
of healthy controls to assess the Bbackground noise^ in SIJ
and spine and their evolution over time, of mechanical back
pain patients to refine the thresholds to discriminate this rele-
vant differential diagnostic condition from early axial SpA,
and of clinically relevant groups enduring higher than average
axial mechanical load such as heavy labor workers, endurance
sports athletes, or multiparous women.

Promising technical amendments to MRI acquisition pro-
tocols such as novel sequences to enhance recognition of
structural lesions or axial planes to better discriminate SpA
from non-SpA-related lesions need to be evaluated.

A major challenge of imaging evaluation in SpA
barely addressed at present is the transfer of this rapidly

expanding knowledge to the broad community of rheu-
matologists and radiologists. Imaging in SpA is usually
not part of the standard training of rheumatologists,
while radiologists spend much of their time in the eval-
uation of degenerative spinal disorders, and SpA consti-
tutes only a small minority of routine practice.

Conclusions

Advanced imaging has become essential for recognition
of disease in clinically suspected early SpA. BME
alone, particularly if subtle in appearance, lacks speci-
ficity and may be misleading, as it is seen in about
every fourth mechanical back pain patient and healthy
volunteer. The reasons for the widespread prevalence of
non-specific low-grade BME are poorly understood. The
contextual information provided by structural lesions
alongside with active changes by simultaneous assess-
ment of complementary T1SE and STIR sequences has
become pivotal to assist in timely recognition of clini-
cally suspected axial SpA. Erosion proved to be the key
lesion among structural damage changes due to high
specificity and reproducibility and its presence in the
majority of early SpA patients shortly after symptom
onset, both in adult and juvenile SpA patients. The next
step towards a comprehensive definition of a positive
SIJ MRI in axial SpA, which incorporates both structur-
al and active lesions, has been assigned top priority on
the research agenda.

The increasing use of MRI in SpA revealed several limita-
tions, such as differences in specificity between global versus
lesion-based assessment, the selection of the most appropriate
gold standard with which to compare MRI evaluation, and
lack of data in clinically relevant control groups. There is an
ongoing controversy as to whether SIJ MRI due to its superior
reliability and ability to depict also active lesions should be the
preferred imaging modality in early disease over the tradition-
al approach with pelvic radiographs.

Despite manifold limitations, MRI has become an indis-
pensable tool for recognition of early SpA, but is not able to
capture all facets of the entire spectrum of disease. Thus, di-
agnosis of SpA remains a process of pattern recognition taking
into account contextual information provided by clinical, lab-
oratory, and imaging evaluation.
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