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MRI evidence of structural changes in the
sacroiliac joints of patients with non-
radiographic axial spondyloarthritis even in
the absence of MRI inflammation
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Abstract

Background: Studies have shown that structural lesions may be present in patients with non-radiographic axial
spondyloarthritis (nr-axSpA). However, the relevance of structural lesions in these patients is unclear, particularly
without signs of inflammation on magnetic resonance imaging (MRI). We assessed the presence of structural
lesions at baseline on MRI in the sacroiliac joints (SIJ) of patients with nr-axSpA with and without SIJ inflammation
on MRI.

Methods: Bone marrow edema (BME) was assessed on short tau inversion recovery (STIR) scans from 185 patients
with nr-axSpA, by two independent readers at baseline using the Spondyloarthritis Research Consortium of Canada
(SPARCC) score. Structural lesions were evaluated on T1 weighted spin echo scans, with readers blinded to STIR
scans, using the SPARCC MRI SIJ structural score. Disease characteristics and structural lesions were compared in
patients with SIJ BME (score ≥2) and without SIJ BME (score <2).

Results: Both SIJ BME and structural lesions scores were available for 183 patients; 128/183 (69.9%) patients had SIJ
BME scores ≥2 and 55/183 (30.1%) had scores <2. Frequencies of MRI structural lesions in patients with vs without SIJ
BME were: erosions (45.3% vs 10.9%, P < 0.001), backfill (20.3% vs 0%, P < 0.001), fat metaplasia (10.9% vs 1.8%, P = 0.04),
and ankylosis (2.3% vs 1.8%, P = ns). Significantly more patients with both SIJ BME and structural lesions were male
and/or HLA-B27 positive than patients with only SIJ BME. Mean (SD) spinal scores (23 discovertebral units) were
significantly higher in patients with SIJ structural lesions than without: 6.5 (11.5) vs 3.3 (5.1), respectively, P = 0.01.

Conclusions: In patients with nr-axSpA, SIJ structural lesions, particularly erosions, may be present on MRI when
radiographs are normal or inconclusive, even in patients negative for MRI SIJ inflammation. They may reflect more
severe disease with greater spinal inflammation.

Trial Registration: ClinicalTrials.gov, NCT01258738. Registered on 9 December 2010.
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Background
Treatment of axial spondyloarthritis (axSpA) is increas-
ingly aimed at intervention early in the disease course
before radiographic sacroiliitis has appeared and when re-
sponse to treatment is greatest. Thus, magnetic resonance
imaging (MRI) is an important tool for the diagnosis of
SpA because it can identify inflammation prior to the
detection of radiographic changes [1–5].
The Assessment of SpondyloArthritis international

Society (ASAS) classification system for axSpA is based
on whether patients meet clinical criteria or imaging
criteria [6–8]. Patients who meet the ASAS criteria for
axSpA and do not meet the modified New York criteria
for radiographic sacroiliitis are considered to have non-
radiographic axSpA (nr-axSpA). According to the ASAS
classification criteria, bone marrow edema (BME)/osteitis
on MRI is a requirement for patients with nr-axSpA who
meet the criteria via the MRI arm [8]. However, this
may also occur nonspecifically, and some patients with nr-
axSpA do not have MRI evidence of inflammation [1, 2].
Recent studies have described several structural lesions

on MRI in the sacroiliac joints (SIJ) [9–11]. Erosion is
considered present when there is a breach in the cortical
bone of either the iliac or sacral bones, which appears
dark on both T1 weighted spin echo (T1WSE) and short
tau inversion recovery (STIR) sequences, together with
loss of the bright signal from adjacent marrow matrix on
T1WSE MRI [12]. The T1WSE MRI sequence may also
reveal a lesion in bone marrow adjacent to subchondral
bone characterized by a homogeneous increase in mar-
row signal, indicative of accumulation of lipid, and a
distinct border [10]. The histopathologic nature of this
lesion remains unclear; while it may reflect adipose
tissue, it may also reflect lipid accumulation in various
cell types, which can occur during the course of differ-
entiation into different phenotypes. Because it has now
been shown that this lesion indicates tissue transform-
ation following resolution of BME, it has been termed
fat metaplasia [9, 13]. Recent work has shown that simi-
lar tissue develops at sites of erosion following reso-
lution of inflammation; this has been termed “backfill”
[9]. Standardized definitions for these diverse lesions
have recently been developed and validated together
with a semi-quantitative scoring method that assesses
each individual lesion [10].
Although limited studies have demonstrated that struc-

tural lesions may already be evident in non-radiographic
SpA defined according to physician expert opinion [1, 2],
the majority of these patients had concomitant BME.
Thus, it is unclear to what degree these diverse lesions are
relevant in patients classified according to ASAS criteria,
particularly in the absence of MRI inflammation, such as
patients who meet the clinical but not the imaging arm of
the criteria. We therefore aimed to assess the relative

frequency of structural and inflammatory lesions as seen
on MRI in the SIJ of patients with nr-axSpA. We also
compared the disease characteristics and severity in
patients with and without MRI SIJ structural lesions,
anticipating that these lesions might reflect a more severe
phenotype of disease.

Methods
Details of the EMBARK study (ClinicalTrials.gov identi-
fier: NCT01258738), a phase IIIb, 104-week clinical
study, have been published previously [14, 15]. Briefly,
patients had axSpA per the ASAS classification criteria,
were aged 18–49 years, had symptoms for >3 months
and <5 years, Bath Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI) score ≥4, and had an inadequate
response to ≥2 nonsteroidal anti-inflammatory drugs
(NSAIDs). Patients were excluded if they met the modi-
fied New York criteria for radiographic axSpA or if they
had ever received a tumor necrosis factor (TNF) inhibitor
for a condition other than inflammatory bowel disease.
Patients met either the ASAS imaging criteria (sacroiliitis
on imaging and ≥1 SpA feature) or the clinical criteria
(human leukocyte antigen (HLA)-B27 positive and ≥2
other SpA features). Patients were randomized to double-
blind etanercept 50 mg/week or placebo for 12 weeks, and
then all patients were switched to etanercept for the re-
mainder of the study [14]. For this report, both treatment
arms were pooled and only baseline data are presented.
The study was conducted in accordance with the

International Conference on Harmonisation guidelines
for Good Clinical Practice and the ethical principles of
the Declaration of Helsinki. Written informed consent
was obtained from all patients prior to enrollment. The
institutional review board or independent ethics
committee at each participating center reviewed and
approved all consent forms and the study protocol
(see “Acknowledgments” for details).
This was a post-hoc cross-sectional analysis of patients

with baseline lesion scores. The primary analysis was
assessment of the presence of structural lesions on MRI
in patients with SIJ BME (score ≥2) versus without SIJ
BME (score <2). Sensitivity analysis was performed by
evaluating the presence of structural lesions in patients
who were ASAS MRI positive versus negative.

Evaluation of BME of the SIJ and spine
Two independent central readers, blinded to treatment
and patient characteristics, assessed STIR scans of the SIJ
and spine for BME using the Spondyloarthritis Research
Consortium of Canada (SPARCC) scores [16–18]. For all
assessments, the mean score of the two readers was used
[14]. An adjudicator reviewed MRI scans with pre-
specified reader discrepancies, and in these cases, the mean
of all three readers’ scores was used. The pre-specified
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reader discrepancies are provided in Additional file 1:
Table S1. Spinal BME was evaluated using the 23-
discovertebral unit (DVU) score, which ranges from 0
to 414. This scoring system assesses all 23 vertebral
units of the spine from vertebrae C2/3 to L5/S1 [18].
A score ≥2 for SIJ BME was considered positive MRI
evidence of inflammation, as reported previously [19].
This cutoff has been validated in the literature [20].

Evaluation of structural lesions
Two different readers (who developed the SPARCC scor-
ing method), scored structural lesions using the SPARCC
MRI SIJ structural score (SSS), which assesses fat metapla-
sia, erosion, backfill, and ankylosis on T1WSE MRI [10].
The readers were independent and blinded to patient
characteristics, treatment, and the corresponding STIR
scan. Figure 1 shows an example of erosion at baseline on
T1WSE MRI in a case that was negative on STIR MRI.
The two readers scored the presence of lesions dichot-

omously (yes/no) in SIJ quadrants for erosion and fat
metaplasia and in SIJ halves for backfill and ankylosis
using a data entry system based on a diagram of the SIJ
[10]. Five consecutive semi-coronal slices were evaluated
beginning with the transitional slice and scrolling anteri-
orly. The transitional slice was defined as the first cartil-
aginous slice with a visible section of the ligamentous
joint when assessed anteriorly to posteriorly [10].
Erosion and fat metaplasia each received a score of 0–8
per slice for five slices, for a total score of 0–40. Backfill
and ankylosis each received a score of 0–4 per slice for

five slices, for a total score of 0–20. A SPARCC SSS >0
was required from both readers for identification of a
structural lesion of erosion, backfill, fat metaplasia, or
ankylosis.

Structural lesions seen on T1WSE MRI: standardized
definitions
This study used standardized definitions of structural
lesions of the SIJ on MRI, which were developed by the
Canada-Denmark MRI Working Group and then extended
in a subsequent report to include backfill [9, 10, 12]. These
definitions are provided below. See Additional file 2 for
images of the lesion types on T1WSE MRI.

� Erosion: on T1WSE is the full-thickness loss of the
dark appearance of iliac or sacral cortical bone at its
anticipated location as well as loss of the normal
bright appearance of adjacent bone marrow.

� Backfill: on T1WSE is the complete loss of iliac or
sacral cortical bone at its anticipated location as well
as increased signal clearly demarcated from adjacent
normal marrow by dark signal with irregular
contour reflecting sclerosis at the border of the
eroded bone.

� Fat metaplasia: increased signal on T1WSE
sequences. To be scored in the SPARCC SSS
method, there must be homogeneous signal across
the lesion, and it must extend >1 cm in depth from
the joint surface.

� Ankylosis: bone marrow signal on T1WSE between
the sacral and iliac bone marrow with a full-thickness
loss of the dark appearance of the iliac and sacral
cortical bone.

Statistical analysis
Proportions of patients with lesions scored >0 (i.e. with
any lesions or specific lesions) were determined according
to the presence or absence of SIJ BME (primary strata)
and according to ASAS MRI positive and negative status
(secondary strata); differences in proportions were tested
using Cochran-Mantel-Haenszel (CMH) tests. The pres-
ence of SIJ BME and structural lesions was evaluated
according to the radiographic grade of sacroiliitis using
CMH tests. Differences in demographics and baseline
disease characteristics, including 23-DVU spinal score,
were analyzed by presence or absence of any SSS lesions
(>0 or =0) overall and separately by presence or absence
of SIJ BME (≥2 or <2). Each type of structural lesion was
evaluated in this manner as well. These analyses were
performed using analysis of variance, the chi-square test,
or the Wilcoxon-Mann-Whitney test.
Cumulative probability plots were derived to compare

the SSS lesion scores of specific structural lesions
according to the presence or absence of SIJ BME. These

Fig. 1 Erosion of the left iliac bone on T1 weighted spin echo
magnetic resonance imaging (MRI) (a) and in the absence of
inflammation on short tau inversion recovery MRI (b)
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data were also analyzed using simple descriptive statis-
tics with one-way analysis of variance and the
Wilcoxon-Mann-Whitney test to test for differences in
SIJ BME subgroups. Inter-observer intra-class correlation
coefficients (ICC) were determined for structural lesion
scores to evaluate scoring consistency between the two
MRI readers. Additionally, the proportion of patients with
individual lesion scores >0 was compared between two
different definitions: scores from both readers were >0,
and the score from at least one reader was >0. Spearman
correlation was tested to analyze the relationship between
continuous spinal inflammation, i.e. the 23-DVU spinal
score, and continuous patient characteristics, i.e. age and
symptom duration, and between continuous spinal inflam-
mation and continuous structural lesions. Multivariate
stepwise regression analysis was used to determine
whether age, gender, symptom duration, presence/absence
of SIJ BME, or presence of specific structural lesions was
significantly associated with the 23-DVU spinal score.

Results
Patients
MRI scans at baseline were available for 185 patients.
The mean (standard deviation (SD)) age was 32.0 (7.8)

years; 60.5% were male, and the mean (SD) duration of
disease symptoms was 2.4 (1.8) years. A total of 133/182
(71.9%) patients were HLA-B27 positive and 152/185
(82.2%) met the ASAS MRI imaging criteria.
A total of 77/185 (41.6%) patients had ≥1 structural

lesion on MRI comprising erosion (65/185, 35.1%), back-
fill (26/185, 14.1%), fat metaplasia (15/185, 8.1%), and
ankylosis (4/185, 2.2%). SIJ BME data were available for
183 patients; 128/183 (69.9%) patients had SIJ BME and
55/183 (30.1%) did not. Of the patients with SIJ BME,
69/128 (53.9%) had a structural lesion on MRI, com-
pared with 7/55 (12.7%) patients without SIJ BME
(P < 0.001). Relative frequencies of MRI structural lesions
in patients with versus without SIJ BME were: erosion
(58/128, 45.3% vs 6/55, 10.9%; P < 0.001), backfill (26/128,
20.3% vs 0/55, 0%; P < 0.001), fat metaplasia (14/128,
10.9% vs 1/55, 1.8%; P = 0.04), and ankylosis (3/128, 2.3%
vs 1/55, 1.8%; P = nonsignificant (ns)) (Fig. 2).
Of the patients who were ASAS MRI positive, 69/152

(45.4%) had a structural lesion on MRI, compared with
8/33 (24.2%) who were ASAS MRI negative (P = 0.03).
For ASAS MRI positive versus negative patients, relative
frequencies of structural lesions were: erosion (58/152,
38.2% vs 7/33, 21.2%; P = ns), backfill (23/152, 15.1% vs

Fig. 2 Proportion of patients with erosion (a), backfill (b), fat metaplasia (c), and ankylosis (d) on T1 weighted spin echo (T1WSE) magnetic
resonance imaging (MRI). ns nonsignificant, SPARCC Spondyloarthritis Research Consortium of Canada, SIJ, sacroiliac joint, BME bone marrow
edema, ASAS Assessment of SpondyloArthritis international Society
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3/33, 9.1%; P = ns), fat metaplasia (14/152, 9.2% vs 1/33,
3.0%; P = ns), and ankylosis (4/152, 2.6% vs 0/33, 0%;
P = ns) (Fig. 2).
A comparison of the demographics and baseline disease

characteristics between patients with the presence (SSS >0)
or absence (SSS = 0) of any structural lesion according to
those with and without SIJ BME is provided in Table 1.
The percentage of male patients was significantly higher in
the group with both SIJ BME and structural lesions (82.6%
male) than in the group with only SIJ BME (47.5%, P <
0.001). Additionally, age was significantly lower in the
group with both SIJ BME and structural lesions (30.3 years)
compared to the group with only SIJ BME (33.5 years, P =
0.01). Symptom duration was similar across the groups.
More patients were HLA-B27-positive who had both SIJ
BME and structural lesions (87.0%) than those with only
SIJ BME (62.7%, P = 0.002). Mean BASDAI and mean
BASFI were significantly higher in the group with SIJ BME
and no structural lesions (6.4 cm and 4.6 cm, respectively)
than in the group with both SIJ BME and structural lesions
(5.7 cm and 3.7 cm, P = 0.03 and 0.04, respectively). For the
patients without SIJ BME, the small sample size of only

seven patients in the SSS >0 category precluded
interpretation of this subgroup.
When characterized according to the presence or

absence of structural lesions in the SIJ, mean (SD) 23-
DVU spinal scores were higher overall in those patients
with structural lesions in the SIJ: 6.5 (11.5) vs 3.3 (5.1),
respectively, P = 0.01. Similar differences in demo-
graphic and baseline disease characteristics were also
observed when comparisons were made according to
the presence or absence of individual structural lesions,
with more male patients, higher B27 positivity, and
greater spinal inflammation, especially in patients with
erosion or backfill (Table 2).
The cumulative probability plots demonstrate visually

that the structural lesions of erosion, backfill, and fat
metaplasia occurred to a greater extent in patients with
than without SIJ BME (Fig. 3), which is confirmed by
the significant differences in these SIJ BME subgroups
in the Wilcoxon-Mann-Whitney tests (see Additional
file 1: Table S2). For ankylosis, there was little differ-
ence between the patients with and without SIJ BME.
The mean (SD) and median (Q1, Q3) SPARCC SSS

Table 1 Demographics and baseline disease characteristics according to the presence or absence of SIJ inflammation and structural lesions

SPARCC SIJ BME ≥2 (N = 128) SPARCC SIJ BME <2 (N = 55) Total (N = 183)

SSS >0
n = 69

SSS = 0
n = 59

P value SSS >0
n = 7

SSS = 0
n = 48

P value SSS >0
n = 76

SSS = 0
n = 107

P value

Age, years* 30.3 (6.8) 33.5 (7.7) 0.01 33.9 (11.9) 32.6 (8.5) 0.73 30.6 (7.3) 33.1 (8.0) 0.04

Male, n (%)† 57 (82.6) 28 (47.5) <0.001 3 (42.9) 22 (45.8) 1.0 60 (79.0) 50 (46.7) <0.001

BMI, kg/m2* 24.5 (3.6) 25.2 (4.6) 0.34 25.3 (5.6) 25.4 (5.2) 0.96 24.6 (3.8) 25.3 (4.9) 0.29

Symptom duration, years* 2.5 (2.2) 2.7 (1.4) 0.47 2.6 (1.5) 1.9 (1.4) 0.22 2.5 (2.2) 2.4 (1.4) 0.64

HLA-B27 positive, n (%)‡ 60 (87.0) 37 (62.7) 0.002 6 (85.7) 29 (60.4) 0.40 66 (86.8) 66 (61.7) <0.001

Anterior uveitis, n (%)‡ 7 (10.1) 6 (10.2) 1.0 0 1 (2.1) 1.0 7 (9.2) 7 (6.5) 0.58

IBD, n (%)‡ 0 0 1.0 0 1 (2.1) 1.0 0 1 (0.9) 1.0

PsO, n (%)‡ 8 (11.6) 10 (17.0) 0.45 0 5 (10.4) 1.0 8 (10.5) 15 (14.0) 0.51

PsO family history, n (%)‡ 4 (5.8) 1 (1.7) 0.38 0 3 (6.3) 1.0 4 (5.3) 4 (3.7) 0.72

ASDAS-CRP 3.1 (1.1) 3.1 (0.9) 0.98 2.3 (1.2) 2.8 (0.8) 0.11 3.0 (1.1) 3.0 (0.9) 0.85

CRP, mg/l 7.7 (9.6) 7.6 (14.7) 0.96 5.3 (9.3) 5.0 (7.0) 0.93 7.5 (9.6) 6.4 (11.9) 0.53

BASDAI, 0–10 5.7 (2.0) 6.4 (1.6) 0.03 4.5 (2.3) 6.0 (1.6) 0.03 5.6 (2.0) 6.2 (1.6) 0.02

BASFI, 0–10 cm VAS 3.7 (2.5) 4.6 (2.6) 0.04 3.0 (1.4) 3.9 (2.2) 0.30 3.6 (2.5) 4.3 (2.4) 0.07

BASMI, 0–10 1.0 (1.2) 1.4 (1.5) 0.14 1.2 (0.9) 1.4 (1.4) 0.72 1.1 (1.2) 1.4 (1.4) 0.10

SPARCC spine score, 23-DVU, 0–414 6.9 (11.9) 4.0 (5.8) 0.10 2.5 (3.9) 2.5 (3.9) 0.99 6.5 (11.5) 3.3 (5.1) 0.01

SPARCC spine score, 23-DVU 0–414, median§ 2.0 1.5 0.39 1.0 0.8 0.85 2.0 1.5 0.12

Values are mean (standard deviation) unless stated otherwise. P values are from one-way analysis of variance (ANOVA) with treatment as factor, unless stated
otherwise. ASDAS-CRP Ankylosing Spondylitis Disease Activity Score based on C-reactive protein, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI
Bath Ankylosing Spondylitis Functional Index, BASMI Bath Ankylosing Spondylitis Metrology Index, BME bone marrow edema, BMI body mass index, CRP C-reactive
protein, DVU discovertebral units, HLA human leukocyte antigen, IBD inflammatory bowel disease, PsO psoriasis, SIJ sacroiliac joint, SSS SIJ structural score, VAS
visual analog scale
*P values calculated using one-way ANOVA comparing means between groups
†P values from the chi-square test
‡P values from Fisher’s exact test (two-tailed)
§ P value from the Wilcoxon-Mann-Whitney test
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values for the individual structural lesions according to
the presence or absence of SIJ BME are provided in
Additional file 1: Table S2.

MRI structural lesions and SIJ BME according to
radiographic grade
An analysis of the presence of SIJ BME and structural
lesions according to radiographic grade did not identify a
linear relationship between these measurements. However,
the frequency of MRI structural lesions was greatest in

those patients with radiographic unilateral grade 1 and
contralateral grade 2 changes in the SIJ (Table 3).
A univariate analysis of the relationship between 23-

DVU spinal score and select dichotomous patient charac-
teristics, including structural lesions, determined that male
patients and patients with SIJ BME had significantly higher
23-DVU spinal scores (see Additional file 1: Table S3).
According to Spearman correlation, 23-DVU spinal score
did not correlate with age, symptom duration, or individual
structural lesions when evaluated as continuous risk factors
(Spearman correlation –0.006 to 0.128). Multivariate

Table 2 Demographics and baseline disease characteristics according to baseline SIJ inflammation and structural lesions

SPARCC SIJ BME Erosion Backfill Fat metaplasia Ankylosis

≥2 n = 128 >0 n = 58 0 n = 70 >0 n = 26 0 n = 102 >0 n = 14 0 n = 114 >0 n = 3 0 n = 125

<2 n = 55 >0 n = 6 0 n = 49 >0 n = 0 0 n = 55 >0 n = 1 0 n = 54 >0 n = 1 0 n = 54

Age, years ≥2 30.0 (6.1) 33.2 (8.0) 28.9 (6.9) 32.5 (7.3) 32.3 (7.6) 31.7 (7.3) 26.3 (1.2) 31.9 (7.4)

<2 35.3 (12.4) 32.4 (8.4) ─ 32.7 (8.8) 40.0 32.6 (8.9) 25.0 32.9 (8.9)

Male, n (%) ≥2 51 (87.9) 34 (48.6) 21 (80.8) 64 (62.8) 12 (85.7) 73 (64.0) 3 (100) 82 (65.6)

<2 3 (50.0) 22 (44.9) ─ 25 (45.5) 1 (100) 24 (44.4) 0 25 (46.3)

BMI, kg/m2 ≥2 24.6 (3.5) 25.1 (4.5) 24.7 (3.8) 24.9 (4.2) 25.1 (3.1) 24.8 (4.2) 25.9 (4.9) 24.8 (4.1)

<2 26.7 (4.8) 25.3 (5.3) ─ 25.4 (5.2) 30.1 25.4 (5.3) 17.3 25.6 (5.2)

Symptom duration, years ≥2 2.5 (2.3) 2.7 (1.5) 3.0 (2.9) 2.5 (1.5) 3.2 (1.7) 2.5 (1.9) 4.0 (1.2) 2.5 (1.9)

<2 2.4 (1.5) 2.0 (1.4) ─ 2.0 (1.4) 0.3 2.0 (1.4) 4.0 2.0 (1.4)

HLA-B27 positive, n (%) ≥2 50 (86.2) 47 (67.1) 25 (96.2) 72 (70.6) 12 (85.7) 85 (74.6) 3 (100) 94 (75.2)

<2 5 (83.3) 30 (61.2) ─ 35 (63.6) 1 (100) 34 (63.0) 1 (100) 34 (63.0)

Anterior uveitis, n (%) ≥2 5 (8.6) 8 (11.4) 1 (3.9) 12 (11.8) 2 (14.3) 11 (9.7) 1 (33.3) 12 (9.6)

<2 0 1 (2.0) ─ 1 (1.8) 0 1 (1.9) 0 1 (1.9)

IBD, n (%) ≥2 0 0 0 0 0 0 0 0

<2 0 1 (2.0) ─ 1 (1.8) 0 1 (1.9) 0 1 (1.9)

PsO, n (%) ≥2 6 (10.3) 12 (17.1) 2 (7.7) 16 (15.7) 3 (21.4) 15 (13.2) 0 18 (14.4)

<2 0 5 (10.2) ─ 5 (9.1) 0 3 (5.6) 0 5 (9.3)

PsO family history, n (%) ≥2 4 (6.9) 1 (1.4) 0 5 (4.9) 1 (7.1) 4 (3.5) 0 5 (4.0)

<2 0 3 (6.1) ─ 3 (5.5) 0 3 (5.6) 0 3 (5.6)

ASDAS-CRP ≥2 3.0 (1.1) 3.1 (0.9) 3.2 (1.1) 3.0 (1.0) 2.7 (0.7) 3.1 (1.0) 3.1 (0.1) 3.1 (1.0)

<2 2.4 (1.3) 2.8 (0.8) ─ 2.8 (0.9) 0.7 2.8 (0.8) 1.8 2.8 (0.9)

CRP, mg/l ≥2 7.6 (9.7) 7.7 (13.9) 8.6 (9.5) 7.4 (12.8) 4.0 (4.1) 8.1 (12.8) 2.8 (2.2) 7.7 (12.3)

<2 5.8 (10.0) 4.9 (7.0) ─ 5.0 (7.2) 1.3 5.1 (7.3) 2.2 5.1 (7.3)

BASDAI, 0–10 ≥2 5.6 (2.0) 6.4 (1.7) 5.9 (2.3) 6.1 (1.7) 5.4 (1.9) 6.1 (1.8) 6.8 (1.2) 6.0 (1.9)

<2 4.7 (2.5) 5.9 (1.6) ─ 5.8 (1.7) 0.4 5.9 (1.6) 3.5 5.8 (1.7)

BASFI, 0–10 cm VAS ≥2 3.6 (2.6) 4.5 (2.5) 3.7 (2.8) 4.2 (2.5) 3.6 (2.0) 4.2 (2.6) 4.5 (0.7) 4.1 (2.6)

<2 3.0 (1.6) 3.9 (2.2) ─ 3.8 (2.1) 0.5 3.8 (2.1) 2.9 3.8 (2.2)

BASMI, 0–10 ≥2 1.1 (1.3) 1.3 (1.4) 1.1 (1.5) 1.2 (1.3) 0.9 (1.1) 1.3 (1.4) 1.3 (2.2) 1.2 (1.3)

<2 1.2 (1.0) 1.4 (1.3) ─ 1.3 (1.3) 0 1.4 (1.3) 1.3 1.3 (1.3)

SPARCC spine score, 23-DVU, 0–414 ≥2 7.5 (12.8) 4.0 (5.7) 9.1 (16.1) 4.6 (7.1) 5.6 (7.7) 5.5 (9.9) 11.7 (14.9) 5.4 (9.6)

<2 2.8 (4.2) 2.5 (3.9) ─ 2.5 (3.9) 3.5 2.5 (3.9) 1.0 2.5 (3.9)

Values are mean (standard deviation) unless stated otherwise. ASDAS-CRP Ankylosing Spondylitis Disease Activity Score based on C-reactive protein, BASDAI Bath
Ankylosing Spondylitis Disease Activity Index, BASFI Bath Ankylosing Spondylitis Functional Index, BASMI Bath Ankylosing Spondylitis Metrology Index, BME bone
marrow edema, BMI body mass index, CRP C-reactive protein, DVU discovertebral units, HLA human leukocyte antigen, IBD inflammatory bowel disease, PsO psoriasis,
SIJ sacroiliac joint, SPARCC Spondyloarthritis Research Consortium of Canada, VAS visual analog scale
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stepwise regression analysis indicated that male sex
and the presence of backfill are the best set of signifi-
cant factors associated with 23-DVU spinal score;
parameter estimates (SE): male sex: 2.8 (1.2), P = 0.02;
backfill: 4.4 (1.7), P = 0.01.

Additional file 1: Table S4 presents the proportion of
patients with individual lesion scores >0, according to
two different definitions: at least one reader scored >0,
and both readers scored >0. The table demonstrates
that, as expected, the number of patients with struc-
tural lesions was somewhat higher using the first
definition. The inter-observer ICC for structural
lesions shows that, overall, there was little variation in
the interpretations of the two readers (see Additional
file 1: Table S5).

Discussion
The results of this study demonstrate that structural
lesions on MRI, particularly erosions, may occur in nr-
axSpA when radiographs are normal or inconclusive,
and even in the absence of SIJ BME on MRI. Addition-
ally, mean 23-DVU spinal scores were higher in patients
with SIJ structural lesions than without. On analysis of
the patient demographics, in the group with SIJ BME,
most patients with SIJ structural lesions were male and
most were HLA-B27 positive. These data support the
concept that nr-axSpA is an early stage of axSpA and
that structural lesions in the SIJ are associated with a
more severe phenotype characterized by more active
spinal inflammation.
Prospective analysis will be necessary to determine

whether assessment of these MRI structural lesions is of
prognostic significance for the development of spinal
ankylosis, which has much greater clinical significance
than in the SIJ. Resolution of inflammation in erosions
becomes evident on T1-weighted MRI scans by the
appearance of a new lesion that fills the cavity in exca-
vated bone [21]. This tissue is called “backfill” and is
brighter than normal marrow on T1-weighted MRI.
With further tissue remodeling, ankylosis may then
develop at the site of backfill [9], at which point the
backfill is no longer evident, as bright marrow traverses
the joint space from the iliac to the sacral bones. Similar
tissue that is brighter than normal marrow on T1-
weighted MRI may be observed in subchondral bone
marrow, especially following resolution of BME, and has
been termed fat metaplasia [10]. It has been proposed
that this tissue in subchondral bone and at erosions may
reflect a reparative phenotype associated with an increased
propensity toward ankylosis. A preliminary report sug-
gests that the presence of fat metaplasia in the SIJ predicts
development of spinal ankylosis [22], which would sup-
port this hypothesis.
In addition, the presence of structural lesions in the

SIJ may reflect a more severe disease phenotype with
progression to involve the spine, as recorded in our
data by the higher 23-DVU spinal scores. It has been
suggested that there is a window of opportunity for
disease modification with anti-inflammatory agents by

Fig. 3 Cumulative probability plots for structural lesions according to
Spondyloarthritis Research Consortium of Canada (SPARCC) sacroiliac
joint (SIJ) score (≥2 vs <2): erosion (a), backfill (b), and fat metaplasia (c)
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treating acute inflammatory lesions before bone formation
pathways are triggered in more complex inflammatory
lesions [23]. Consequently, the presence of structural
lesions in the SIJ may help select patients for inter-
vention with anti-TNF agents early in the disease
course.
The analysis comparing SIJ BME and structural le-

sions with radiographic grade did not identify a linear
relationship between these measurements, although
the highest frequency of MRI structural lesions was
observed in those cases with radiographic grade 1
and contralateral grade 2. MRI SIJ structural lesions
occurred frequently in patients with normal SIJs on
radiographs, reflecting the greater sensitivity of MRI
over radiography for identification of structural lesions as
well as inflammation.
There are several limitations to this study. One is

the interpretation of the T1WSE MRI scans. The re-
sults of the inter-observer ICC analysis for the read-
ings suggest that the scores provided by each reader
were very similar. However, due to the complexities of
scoring erosions and backfill on T1WSE MRI scans, it
is necessary to use caution when interpreting the re-
sults. Erosion may be difficult to discern on T1WSE
MRI because it requires loss of dark signal signifying a
breach of cortical bone. Backfill is a heterogeneous
lesion on T1WSE MRI, which requires both irregular
dark signal signifying sclerotic bone together with
bright signal medial to this signifying fat metaplasia. It
is important to be clear that the study was not
designed to draw conclusions on the diagnostic utility
of structural lesions, because the population was se-
lected for active disease and there were no controls.
Further validation using computed tomography would
be helpful for the understanding of both lesions.

Conclusions
This study demonstrated that in patients with nr-axSpA,
structural lesions, particularly erosions, may be present
on MRI of the SIJ when radiographs are normal or

inconclusive. Although structural lesions were more
likely in patients with MRI SIJ BME, they were also
present in the absence of MRI SIJ BME. Patients with
structural lesions are more likely to be male, HLA-B27
positive, and have higher 23-DVU spinal scores. Pro-
spective data are necessary to understand the prognostic
implications associated with these lesions and the impact
of treatment.

Additional files

Additional file 1: Table S1. Pre-specified cases adjudicated by a blinded
third reader. Table S2. SPARCC SSS for lesions, according to SIJ BME.
Table S3. Univariate analysis of relationship between spinal inflammation
and select patient characteristics at baseline. Table S4. Proportion of
patients with SPARCC SSS lesions >0, according to two different definitions.
Table S5. Inter-observer intra-class correlation coefficients for structural lesions.
(PDF 100 kb)

Additional file 2: Lesions seen on T1 weighted spin echo MRI.
(PDF 128 kb)

Abbreviations
ASAS: Assessment of SpondyloArthritis international Society; axSpA: Axial
spondyloarthritis; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index;
BASFI: Bath Ankylosing Spondylitis Functional Index; BASMI: Bath Ankylosing
Spondylitis Metrology Index; BME: Bone marrow edema; BMI: Body mass
index; CMH: Cochran-Mantel-Haenszel; DVU: Discovertebral unit; HLA:
Human leukocyte antigen; IBD: Inflammatory bowel disease; ICC: Intra-class
correlation coefficient; MRI: Magnetic resonance imaging; nr-axSpA: Non-
radiographic axSpA; ns: Nonsignificant; NSAIDs: Nonsteroidal anti-
inflammatory drugs; PsO: Psoriasis; SD: Standard deviation; SIJ: Sacroiliac joint;
SPARCC: Spondyloarthritis Research Consortium of Canada; SSS: Sacroiliac
joint structural score; STIR: Short tau inversion recovery; T1WSE: T1 weighted
spin echo; TNF: Tumor necrosis factor

Acknowledgements
We wish to thank all patients who participated in this study and the
investigators and medical staff at all of the participating centers. Editorial/
medical writing support was provided by Jennica Lewis, PharmD, CMPP of
Engage Scientific Solutions and was funded by Pfizer. The specific ethical
bodies that approved the EMBARK study are as follows: Argentina - Comite
de Etica en Investigacion Clinica (CEIC), Ciudad Autónoma de Buenos Aires;
Belgium - Ethisch Comite Universitair Ziekenhuis Gent; Colombia - Comité de
Ética en Investigaciones del Oriente, Bucaramanga, Santander; Comite de
ética en Investigación de Servimed E.U, Bucaramanga, Santander; Comite de
etica de investigación-Riesgo de Fractura S.A, Bogota, Cundinamarca; Czech
Republic - Eticka komise Praha; Finland - Medisiininen Eettinen Toimikunta
HUS Konsernihallinto Tutkimuseettiset Toimikunnat, Helsinki; France - CPP Ile-

Table 3 MRI inflammatory and structural lesions according to radiographic grading of sacroiliitis

Radiographic grade MRI inflammation MRI structural lesion

SPARCC SIJ BME≥ 2 SSS > 0 Erosion > 0 Fat Metaplasia > 0 Backfill > 0 Ankylosis > 0

Bilateral grade 0 23/37 (62.2) 11/38 (28.9) 10/38 (26.3) 2/38 (5.3) 3/38 (7.9) 0/38 (0)

Unilateral grade 1 25/40 (62.5) 10/41 (24.4) 10/41 (24.4) 2/41 (4.9) 2/41 (4.9) 0/41 (0)

Unilateral grade 2 6/6 (100) 2/6 (33.3) 1/6 (16.7) 0/6 (0) 2/6 (33.3) 0/6 (0)

Bilateral grade 1 28/41 (68.3) 15/41 (36.6) 9/41 (22.0) 0/41 (0) 5/41 (12.2) 2/41 (4.9)

Unilateral grade 1 and contralateral grade 2 46/59 (78.0) 39/59 (66.1) 35/59 (59.3) 11/59 (18.6) 14/59 (23.7) 2/59 (3.4)

P value* 0.16 <0.001 <0.001 0.008 0.03 0.45

Values are n/N (%). BME bone marrow edema, MRI magnetic resonance imaging, SIJ sacroiliac joint, SPARCC Spondyloarthritis Research Consortium of Canada, SSS
sacroiliac joint structural score
*Cochran-Mantel-Haenszel test P value for general association

Maksymowych et al. Arthritis Research & Therapy  (2017) 19:126 Page 8 of 10

dx.doi.org/10.1186/s13075-017-1342-9
dx.doi.org/10.1186/s13075-017-1342-9


de-France V, Hôpital Saint-Antoine, Paris; Germany - Ethik-Kommission des
Landes Sachsen-Anhalt, Dessau-Rosslau; Hungary - Egeszsegugyi Tudoma-
nyos Tanacs Klinikai Farmakologiai Etikai Bizottsaga, Budapest; Republic of
Korea - Hanyang University Hospital IRB, Seoul; Chonnam National
University Hospital Institutional Review Board, Gwangju; Gachon University Gil
Hospital IRB, Incheon; Netherlands - Academisch Medisch Centrum Medisch
Ethische Commissie, Amsterdam; Russian Federation - Ethics Committee,
Leningrad Regional Clinical Hospital, St. Petersburg; Ethics Council at the Ministry
of Healthcare of Russian Federation, Moscow; Ethics Committee at Saint-
Petersburg State Budgetary Healthcare Institution, St. Petersburg; Ethics
Committee, Rheumatology Research Institute of Russian Academy of Medical
Sciences, Moscow; Spain - Comité Coordinador de Ética de la Investigación
Biomédica de Andalucía Consejeria de Salud, Sevilla; Taiwan - Kaohsiung Medical
University Chung-Ho Memorial Hospital, Institutional Review Board, Kaohsiung;
Chung Shan Medical University Hospital Institutional Review Board,
Taichung; Taipei Veterans General Hospital Institutional Review Board,
Taipei; United Kingdom - National Research Ethics Service, NRES Committee
East Midlands, Nottingham.

Funding
This study was funded by Pfizer. Editorial/medical writing support was
provided by Jennica Lewis, PharmD, CMPP of Engage Scientific Solutions
and was funded by Pfizer.

Availability of data and materials
Pfizer’s policies on the provision of clinical trial data are set out on our
website: http://www.pfizer.com/research/clinical_trials/trial_data_and_results.
In addition to posting clinical trial results on the clinicaltrials.gov registry,
Pfizer provides secure access to anonymized patient-level data to qualified
researchers in response to scientifically valid research proposals. Further
detail can be found at: http://www.pfizer.com/research/clinical_trials/trial_data_
and_results/data_requests. Pfizer makes patient-level data available for globally
conducted interventional trials in patients that complete after September
27, 2007, or initiated on or before that date and still ongoing as of
December 26, 2007, and all such trials initiated after January 2014. Data
are made available for trials of authorized medicines/indications, or
terminated medicines, two years after clinical trial completion (defined as
last subject last visit). Pfizer’s practices adhere to the principles for respon-
sible data sharing laid out by the European Federation of Pharmaceutical
Industries and Associations (EFPIA) and the Pharmaceutical Research and
Manufacturers of America (PhRMA): http://phrma.org/sites/default/files/
pdf/PhRMAPrinciplesForResponsibleClinicalTrialDataSharing.pdf.

Authors’ contributions
WPM, HJ, AS, JFB, and RGL made substantial contributions to the conception
or design of the study. WPM, SW, MD, HJ, AS, JFB, LM, and RGL made
substantial contributions to the acquisition, analysis and interpretation of
data from the study. AS conducted the statistical analyses. WPM contributed
to drafting the manuscript, and WPM, SW, MD, HJ, AS, JFB, LM, and RGL
contributed to revising it critically for important intellectual content. All
authors read and approved the final manuscript, and all authors agree to be
accountable for all aspects of the work.

Authors’ information
Not applicable.

Competing interests
WPM has received consulting fees from AbbVie, Amgen, Lilly, Janssen, Pfizer,
Sanofi, and UCB, and is the chief medical officer of CaRE Arthritis Ltd. MD is a
consultant for and has received research funding/grants from AbbVie, Lilly,
Merck, Pfizer, Sanofi, and UCB. HJ, LM, and JFB are employees of, and own
stock in Pfizer. AS is an employee of inVentiv Health and was contracted by
Pfizer to provide statistical support for the development of this paper. SW
and RGL declare that they have no competing interests. No nonfinancial
conflict of interest exists for any author.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The study was conducted in accordance with the International Conference
on Harmonisation guidelines for Good Clinical Practice and the ethical
principles of the Declaration of Helsinki. Written informed consent was
obtained from all patients prior to enrollment. The institutional review board
or independent ethics committee at each participating center reviewed and
approved all consent forms and the study protocol.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Medicine, University of Alberta, 568 Heritage Medical
Research Building, Edmonton, AB T6G 2S2, Canada. 2Paris Descartes
University; Department of Rheumatology – Hôpital Cochin, Assistance
Publique – Hôpitaux de Paris; INSERM (U1153): Clinical Epidemiology and
Biostatistics, PRES Sorbonne Paris-Cité, Paris, France. 3Pfizer, Collegeville, PA,
USA. 4inVentiv Health, Princeton, NJ, USA. 5Department of Radiology and
Diagnostic Imaging, University of Alberta, Edmonton, AB, Canada.

Received: 27 February 2017 Accepted: 18 May 2017

References
1. Weber U, Lambert RGW, Østergaard M, Hodler J, Pedersen SJ,

Maksymowych WP. The diagnostic utility of magnetic resonance imaging in
spondylarthritis: an international multicenter evaluation of one hundred
eighty-seven subjects. Arthritis Rheum. 2010;62:3048–58.

2. van den Berg R, de Hooge M, van Gaalen F, Reijnierse M, Huizinga T, van
der Heijde D. Percentage of patients with spondyloarthritis in patients
referred because of chronic back pain and performance of classification
criteria: experience from the Spondyloarthritis Caught Early (SPACE) cohort.
Rheumatology. 2013;52:1492–9 [Erratum in: Rheumatology. 2015;54:1336].

3. Oostveen J, Prevo R, den Boer J, van de Laar M. Early detection of sacroiliitis on
magnetic resonance imaging and subsequent development of sacroiliitis on plain
radiography. A prospective, longitudinal study. J Rheumatol. 1999;26:1953–8.

4. Bennett AN, McGonagle D, O’Connor P, Hensor EMA, Sivera F, Coates LC,
et al. Severity of baseline magnetic resonance imaging–evident sacroiliitis
and HLA–B27 status in early inflammatory back pain predict
radiographically evident ankylosing spondylitis at eight years. Arthritis
Rheum. 2008;58:3413–8.

5. Heuft-Dorenbosch L, Landewé R, Weijers R, Wanders A, Houben H, van der
Linden S, et al. Combining information obtained from magnetic resonance
imaging and conventional radiographs to detect sacroiliitis in patients with
recent onset inflammatory back pain. Ann Rheum Dis. 2006;65:804–8.

6. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J, Burgos-Vargas R, et al.
The Assessment of SpondyloArthritis international Society (ASAS) handbook:
a guide to assess spondyloarthritis. Ann Rheum Dis. 2009;68 Suppl 2:ii1–44.

7. Rudwaleit M, Landewé R, van der Heijde D, Listing J, Brandt J, Braun J, et al.
The development of Assessment of SpondyloArthritis international Society
classification criteria for axial spondyloarthritis (part I): classification of paper
patients by expert opinion including uncertainty appraisal. Ann Rheum Dis.
2009;68:770–6.

8. Rudwaleit M, van der Heijde D, Landewé R, Listing J, Akkoc N, Brandt J,
et al. The development of Assessment of SpondyloArthritis international
Society classification criteria for axial spondyloarthritis (part II): validation and
final selection. Ann Rheum Dis. 2009;68:777–83.

9. Maksymowych WP, Wichuk S, Chiowchanwisawakit P, Lambert RG, Pedersen
SJ. Fat metaplasia and backfill are key intermediaries in the development of
sacroiliac joint ankylosis in patients with ankylosing spondylitis. Arthritis
Rheum. 2014;66:2958–67.

10. Maksymowych WP, Wichuk S, Chiowchanwisawakit P, Lambert RG, Pedersen
SJ. Development and preliminary validation of the Spondyloarthritis
Research Consortium of Canada Magnetic Resonance Imaging Sacroiliac
Joint Structural Score. J Rheumatol. 2015;42:79–86.

11. Rudwaleit M, Jurik AG, Hermann K-GA, Landewé R, van der Heijde D, Baraliakos
X, et al. Defining active sacroiliitis on magnetic resonance imaging (MRI) for
classification of axial spondyloarthritis: a consensual approach by the ASAS/
OMERACT MRI group. Ann Rheum Dis. 2009;68:1520–7.

Maksymowych et al. Arthritis Research & Therapy  (2017) 19:126 Page 9 of 10

http://www.pfizer.com/research/clinical_trials/trial_data_and_results
http://www.pfizer.com/research/clinical_trials/trial_data_and_results/data_requests
http://www.pfizer.com/research/clinical_trials/trial_data_and_results/data_requests
http://phrma.org/sites/default/files/pdf/PhRMAPrinciplesForResponsibleClinicalTrialDataSharing.pdf
http://phrma.org/sites/default/files/pdf/PhRMAPrinciplesForResponsibleClinicalTrialDataSharing.pdf


12. Weber U, Pedersen S, Ostergaard M, Rufibach K, Lambert R, Maksymowych W.
Can erosions on MRI of the sacroiliac joints be reliably detected in patients
with ankylosing spondylitis? A cross-sectional study. Arthritis Res Ther.
2012;14:R124.

13. Song I-H, Hermann KG, Haibel H, Althoff CE, Poddubnyy D, Listing J, et al.
Relationship between active inflammatory lesions in the spine and sacroiliac
joints and new development of chronic lesions on whole-body MRI in early
axial spondyloarthritis: results of the ESTHER trial at week 48. Ann Rheum
Dis. 2011;70:1257–63.

14. Dougados M, van der Heijde D, Sieper J, Braun J, Maksymowych WP, Citera
G, et al. Symptomatic efficacy of etanercept and its effects on objective
signs of inflammation in early nonradiographic axial spondyloarthritis: a
multicenter, randomized, double-blind, placebo-controlled trial. Arthritis
Rheum. 2014;66:2091–102.

15. Maksymowych WP, Dougados M, van der Heijde D, Sieper J, Braun J, Citera
G, et al. Clinical and MRI responses to etanercept in early non-radiographic
axial spondyloarthritis: 48-week results from the EMBARK study. Ann Rheum
Dis. 2016;75:1328–35.

16. Maksymowych WP, Inman RD, Salonen D, Dhillon SS, Krishnananthan R,
Stone M, et al. Spondyloarthritis Research Consortium of Canada magnetic
resonance imaging index for assessment of spinal inflammation in
ankylosing spondylitis. Arthritis Rheum. 2005;53:502–9.

17. Maksymowych WP, Inman RD, Salonen D, Dhillon SS, Williams M, Stone M,
et al. Spondyloarthritis Research Consortium of Canada magnetic resonance
imaging index for assessment of sacroiliac joint inflammation in ankylosing
spondylitis. Arthritis Rheum. 2005;53:703–9.

18. Maksymowych WP, Salonen D, Inman RD, Rahman P, Lambert RGW. Low-
dose infliximab (3 mg/kg) significantly reduces spinal inflammation on
magnetic resonance imaging in patients with ankylosing spondylitis: a
randomized placebo-controlled study. J Rheum. 2010;37:1728–34.

19. van der Heijde D, Sieper J, Maksymowych WP, Brown MA, Lambert RGW,
Rathmann SS, et al. Spinal inflammation in the absence of sacroiliac joint
inflammation on magnetic resonance imaging in patients with active
nonradiographic axial spondyloarthritis. Arthritis Rheum. 2014;66:667–73.

20. van den Berg R, de Hooge M, Bakker PAC, van Gaalen F, Navarro-Compán V,
Fagerli KM, et al. Metric properties of the SPARCC score of the sacroiliac
joints — data from baseline, 3-month, and 12-month follow up in the
SPACE cohort. J Rheumatol. 2015;42:1186–93.

21. Pedersen SJ, Wichuk S, Chiowchanwisawakit P, Lambert RG, Maksymowych
WP. Tumor necrosis factor inhibitor therapy but not standard therapy is
associated with resolution of erosion in the sacroiliac joints of patients with
axial spondyloarthritis. Arthritis Res Ther. 2014;16:R100. doi:10.1186/ar4548.

22. Maksymowych WP, Wichuk S, Chiowchanwisawakit P, Lambert RG, Pedersen
SJ. Fat metaplasia in the sacroiliac joints on MRI is associated with
radiographic status and progression in the spine of patients with axial
spondyloarthritis. Ann Rheum Dis. 2014;73 Suppl 2:214. Abstract THU0106.

23. Maksymowych WP, Morency N, Conner-Spady B, Lambert RG. Suppression
of inflammation and effects on new bone formation in ankylosing
spondylitis: evidence for a window of opportunity in disease modification.
Ann Rheum Dis. 2013;72:23–8.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Maksymowych et al. Arthritis Research & Therapy  (2017) 19:126 Page 10 of 10

http://dx.doi.org/10.1186/ar4548

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial Registration

	Background
	Methods
	Evaluation of BME of the SIJ and spine
	Evaluation of structural lesions
	Structural lesions seen on T1WSE MRI: standardized definitions
	Statistical analysis

	Results
	Patients
	MRI structural lesions and SIJ BME according to radiographic grade

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

