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Objective: In this study, we aimed to investigate whether there was a pattern of distribution 
of acute and chronic lesions in the sacroiliac joints (SIJ) of patients with axial spondyloar-
thritis (axSpA).
Methods: A total of 96 patients diagnosed as axSpA were retrospectively included in this 
study. The Spondyloarthritis Research Consortium of Canada sacroiliac joint inflammation 
score (SIS) and structural score (SSS) were used to evaluate the acute and chronic lesions in 
the SIJs. Scores representing the distribution of bone marrow edema, fatty lesions and 
erosions were extracted respectively. By dividing the SIJs into sacral or iliac sections, 
upper or lower sections, anterior and posterior levels, differences of scores representing 
acute and chronic lesions were analyzed by Kruskal Wallis’ tests.
Results: SIS scores were not significantly different in sacral or iliac sections, in upper or 
lower sections, on anterior or posterior levels. SSS scores were also not significantly different 
in different sections, except for higher occurrence rates of erosions in the iliac sections. Post- 
hoc analysis showed that there was a higher erosion score in the left ilium than left sacrum, 
as well as in right ilium than left sacrum.
Conclusion: There was no specific distribution pattern of acute or chronic lesions in the 
SIJs in patients with axSpA. A bigger study sample was needed to confirm the distribution of 
erosions in sacral or iliac sections.
Keywords: magnetic resonance imaging, axial spondyloarthritis, ankylosing spondylitis, 
sacroiliac joint

Introduction
Axial spondyloarthritis (axSpA) is a spectrum of spondyloarthropathies featuring 
inflammation in the axial skeleton, including ankylosing spondylitis, psoriatic 
arthritis, reactive arthritis and undifferentiated spondyloarthritis.1,2 It often occurs 
to male patients, most commonly in the 20s or 30s, with lower back pain as the 
typical initial symptoms.3,4 Delayed diagnosis often leads to long-lasting inflamma-
tion in the axial skeleton, which usually gives rise to structural damage, such as 
fatty lesions, erosions and ankylosis.5 Physical disability might be the consequences 
of such structural damage, greatly impairing patients’ abilities of daily activities.6

The entire axial skeleton from cervical vertebrae to sacroiliac joints (SIJs) could 
be involved in axial spondyloarthritis. However, numerous studies have reported 
that the SIJs are usually the first spots to exhibit inflammation, known as bone 
marrow edema on the SIJ MRI.7,8 Other than bone marrow edema (BME), fatty 
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lesions and erosions have also been widely studied, listed 
as the chronic lesions in the SIJs by the ASAS MRI 
working group.9 The Spondyloarthritis Research 
Consortium of Canada sacroiliac joint inflammation (SIS) 
and structural (SSS) scores are the two most common tools 
to assess inflammation and structural damage in the 
SIJs.10,11 They can reliably reflect the extent and severity 
of the inflammation and structural damage in the SIJs, 
therefore widely employed in clinical trials to monitor 
therapeutic responses.12

The imaging characteristics on SIJ MRI in patients 
with axSpA as well as the respective diagnostic values of 
different lesions have previously been discussed. A study 
by Seven et al investigated the morphological character-
istics of SIJ MRI lesions in axial spondyloarthritis and 
control subjects, arriving at the conclusion that fatty 
lesions over 5mm but not bone marrow edema over 
10mm could well differentiate axSpA patients from the 
control groups.13 Another study by Baraliakos et al con-
cluded that structural lesions in SIJ, alone or in combina-
tion with BME, had high diagnostic values in patients 
suspected with axSpA.14 It has been debated whether 
structural damage in SIJ should be included in the defini-
tion of a positive SIJ MRI, yet the current definition of 
a positive SIJ MRI only consists of BME or osteitis.15

However, to the best of our knowledge, no study has 
ever investigated whether there is a difference in the dis-
tribution of acute and chronic lesions in the SIJs. This 
study intended to clarify the distribution of acute and 
chronic lesions in the SIJs in patients with axSpA. We 
hypothesized that the iliac side of the SIJs might be more 
susceptible to inflammation and structural damage since 
the iliac side needed to carry the weight of the axial 
skeleton.

Methods
Patients
Patients were retrospectively included in this study at the 
Third Affiliated Hospital of Sun Yat-sen University. 
Inclusion criteria were rheumatologists’ clinical diagnosis 
of conditions pertaining to axial spondyloarthritis based on 
The International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) codes retrieved from the 
medical records. The included patients were further classified 
according to the 2009 ASAS classification criteria for axial 
spondyloarthritis.16 Clinical data such as age, sex, disease 
duration and HLA-B27 were retrieved from the medical 

records of the patients. This study was approved by the 
Ethical committee of the Third Affiliated Hospital of Sun 
Yat-sen University. Informed consent was waived by the 
ethical committee of the Third Affiliated Hospital of Sun Yat- 
sen University upon the following considerations: 1) This 
study involves no more than minimal risks for the patients; 2) 
The study subjects had already left the hospital. All patient 
data were held in confidence and no individually identifiable 
patient information were included in this article. This study 
was conducted in compliance with the Declaration of 
Helsinki.

MRI Scanning
MRI images were retrieved from the PACS system. The 
MRI images were acquired on either a 1.5 T Optima 
MR360 (GE) or a 3.0 T Signa Architect (GE). T1- 
weighted and T2 fat-saturated (T2-FS) sequences in 
a semi-coronal orientation and T2-FS sequences in a semi- 
axial orientation were obtained. Scoring of inflammation 
was based on T2-FS, while scoring of fat deposition and 
erosions was done based on T1-weighted images.

Scoring of SIS and SSS
A reader (CL) visually assessed the T1W and T2-FS 
images of all the included patients. The reader scrolled 
through all slices in a sagittal viewing direction. From all 
the slices, the reader evaluated the extent and severity of 
inflammation according to the Spondyloarthritis Research 
Consortium of Canada sacroiliac joint inflammation (SIS) 
and structural (SSS) scoring method.10,11

Statistical Analysis
All statistical analysis was performed in software packages 
R version 3.3 (The R Project for Statistical Computing, 
Vienna, Austria). Characteristics of study subjects were 
summarized using descriptive statistics. Shapiro’s test 
was employed to examine the distribution of the character-
istics. The mean±SD or the median and IQR were pre-
sented according to the distribution of the individual 
characteristics.

Within the SIS score of each individual, only the scores 
representing the distribution were extracted, while the scores 
representing the depth or intensity of inflammation were dis-
carded. By dividing the SIJs into different sections, the sum of 
SIS scores and SSS scores were calculated, respectively, in 
each section. The sections included: 1) Right iliac, right sacral, 
left sacral and left iliac sections; 2) Upper section and lower 
section; 3) Levels 1–6 for SIS scores and levels 1–5 for SSS 
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scores in the sagittal direction, representing anterior and pos-
terior sections.

We used Kruskal Wallis' test to evaluate if there was 
a difference in the distribution of inflammation and struc-
tural lesions in different sections. If such differences were 
found, Dunn’s test was used as the post-hoc test to analyse 
the pair-wise differences. Analysis of distribution of 
inflammatory and structural lesions were conducted in all 
patients, patients with r-axSpA and nr-axSpA, respec-
tively. P-value <0.05 was considered statistically 
significant.

Results
Patients
A total of 96 patients diagnosed as axSpA were retrospec-
tively included in this study. Of the 96 patients included, 
67 were men and 29 were women. The mean (SD) age was 
29.66 (8.11) years and the median (interquartile range) 
duration of disease was 3 [0.6275–7] years. Based on the 
2009 ASAS classification criteria for axial spondyloarthri-
tis, 45 were classified as nr-axSpA while 51 were classified 
as r-axSpA based on radiographs according to the mod-
ified New York criteria.17

The median SIS scores for the nr-axSpA group and 
r-axSpA were 21.4 and 28.6, while the median SSS scores 
were 33.1 and 44.3. Twenty-three (24.0%) of the 96 
patients had been previously treated with bDMARDs. 
Three patients were treated with secukinumab, while 20 
patients were treated with TNF-α inhibitors. Patient char-
acteristics could be seen in Table 1.

Distribution of Inflammation in the SIJs
The median and interquartile range of SIS scores in dif-
ferent sections are listed in Table 2. Kruskal–Wallis’ tests 
showed that SIS scores were not significantly different in 

sacral or iliac sides, in upper or lower quadrants, on 
different levels in the sagittal direction.

Distribution of Structural Lesions in the 
SIJs
The median and interquartile range of SSS scores in dif-
ferent sections are listed in Table 2. Kruskal–Wallis’ tests 
showed that SSS scores for erosions or fatty lesions were 
not significantly different on sacral or iliac sides, in upper 
or lower quadrants, on different levels in the sagittal direc-
tion. The only exception was erosions on the sacral or iliac 
sections. Post-hoc analysis of erosions in sacral of iliac 
sections could be seen in Table 3. Post-hoc analysis 
showed that there was a higher erosion score in the left 
ilium than left sacrum, as well as in right ilium than left 
sacrum. Ankylosis and backfills were not analyzed due to 
low occurrence rates.

By further classifying patients as nr-axSpA and 
r-axSpA, erosion scores were significantly higher on the 
iliac sides of the SIJs in patients with nr-axSpA, while the 
erosion scores were not significantly different on the iliac 
sides or sacral sides in patients with r-axSpA. Results of 
distribution of SIS scores and SSS scores in two groups of 
patients could be seen in Table 2.

Jitters plots of the SIS scores and SSS scores could be 
seen in Figure 1.

Discussion
Other than genetic predisposition and gut microbiota, mechan-
ical stress had been identified as another important risk factor 
in the etiology of axial spondyloarthritis.18 It had been 
observed that the spinal involvement of axSpA usually devel-
oped in an ascending fashion, with SIJs as the most involved 
axial joints and the earliest to manifest, while lesions in lumbar 
and thoracic vertebrae ensued.7,8 Numerous studies had linked 
the biomechanical stress to the development of axial 

Table 1 Characteristics of Included Participants

Characteristics nr-axSpA (n=45) r-axSpA (n=51) P-value

Age (years), mean±SD 28.3±7.84 30.8±8.23 0.134
Male patients, n (%) 27 (60.00%) 40 (78.43%) 0.082

Disease duration (years), median [interquartile range] 1 [0.5–3] 5 [3–9.5] <0.001*

HLA-B27, n (%) 34 (75.56%) 45 (88.24%) 0.175
SIS, median [interquartile range] 21.4 [13–32] 28.6 [22.5–38.5] 0.007*

SSS, median [interquartile range] 33.1 [17–48] 44.3 [30–62] 0.012*

Note: *p < 0.05. 
Abbreviations: nr-axSpA, non-radiographic axial spondyloarthritis; r-axSpA, radiographic axial spondyloarthritis; SIS, sacroiliac joint inflammation score; SSS, structural 
score.
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spondyloarthritis. A patient-reported survey revealed that 
a large proportion of patients with ankylosing spondylitis 
reported physical trauma, exercise and physiotherapy as 
potential triggers for AS symptoms.19 A study of the joint 
anatomy of SIJs suggested that proportions of atypical joints 
were significantly higher in axSpA patients than in controls, 
possibly due to the supra-physiological biomechanical stress 
exerted by atypical joint forms.20 Moreover, the 

mechanosensitive Wnt/beta-Catenin signaling pathway might 
potentially explain the ectopic bone formation in the axial 
skeleton in axSpA.21–23 Therefore, it was natural to assume 
that acute and chronic lesions might be distributed differently 
in the sacroiliac joints in patients with axSpA. We hypothe-
sized that these lesions might be more prevalent on the iliac 
side since the ilium had to carry the weight of the entire axial 
skeleton.

Table 2 Distribution of Bone Marrow Edema (BME), Fatty Lesions and Erosions in the Sacroiliac Joints of Patients with axSpA

Patients Sections BME Fatty Lesions Erosions

Score P value Score P value Score P value

All 

patients

Sacral or iliac sections Right ilium 3 [0–10] 0.219 1 [0–6] 0.7853 8 [5–10] 0.01367*
Right sacrum 2[0–5] 3 [0–7] 6 [2–9]

Left sacrum 2 [0–6] 3 [0–5] 8 [5–10]

Left ilium 2 [0–7] 3 [0–6] 7 [2–10]
Upper or lower sections Upper 6 [0–12] 0.2794 3 [0–12] 0.2556 14 [8–19] 0.9833

Lower 7.5 [1–13.2] 6 [0–15] 13.5 [7.75– 

19]
Anterior or posterior 

sections

Level 1 2 [0–5] 0.3259 2 [0–4] 0.6558 6 [1–8] 0.8546
Level 2 3 [0–4] 2 [0–5] 6 [2.75–8]

Level 3 2 [0–4.25] 2 [0–5] 6 [3.75–8]
Level 4 2 [0–4] 2 [0–6] 6 [3.75–8]

Level 5 1.5 [0–4] 2 [0–5] 6 [3–8]

Level 5 2 [0–4] – –

r-axSpA Sacral or iliac sections Right ilium 4 [0–9] 0.2483 5 [0.5–8.5] 0.8901 10 [7.5–10] 0.197
Right sacrum 3 [0–7.5] 5 [1–9] 10 [7–10]

Left sacrum 2 [0–6] 5 [0–9] 9 [5.5–10]

Left ilium 6 [0–11.5] 5 [0–9] 10 [8–10]
Upper or lower sections Upper 9 [2.5–13.5] 0.7548 7 [2–15] 0.1157 18 [14–20] 0.705

Lower 9 [2–16.5] 10 [4.5–18] 18 [12.5–20]

Anterior or posterior 
sections

Level 1 4 [1–5.5] 0.644 2 [0–6] 0.6398 8 [5.5–8] 0.9089
Level 2 4 [1–6] 4 [1–7] 8 [4–8]

Level 3 4 [0.5–5] 5 [2–6.5] 8 [5.5–8]

Level 4 3 [0.5–5] 5 [1–7.5] 8 [5.5–8]
Level 5 2 [0.5–4.5] 4 [1.5–7.5] 8 [6–8]

Level 6 2 [0–4.5] – –

nr-axSpA Sacral or iliac sections Right ilium 1 [0–5] 0.8085 1 [0–3] 0.6804 6 [3–8] 0.0106*

Right sacrum 0 [0–4] 0 [0–3] 3 [0–6]
Left sacrum 1 [0–4] 0 [0–3] 3 [0–6]

Left ilium 2 [0–6] 0 [0–2] 6 [2–8]

Upper or lower sections Upper 2 [0–7] 0.2188 1 [0–5] 0.8172 9 [3–13] 0.7431
Lower 5 [0–11] 1 [0–6] 9 [5–14]

Anterior or posterior 

sections

Level 1 1 [0–4] 0.7187 0 [0–2] 0.8679 3 [0–6] 0.5899

Level 2 2 [0–4] 0 [0–2] 4 [1–6]
Level 3 1 [0–3] 1 [0–2] 4 [2–6]

Level 4 0 [0–3] 1 [0–3] 4 [2–5]

Level 5 1 [0–3] 0 [0–2] 3 [1–5]
Level 6 0 [0–3] – –

Note: *P < 0.05. 
Abbreviations: BME, bone marrow edema; r-axSpA, radiographic axial spondyloarthritis; nr-axSpA, non-radiographic axial spondyloarthritis.
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However, results showed that there were no differences 
in the distribution of the inflammatory lesions as well as 
structural lesions in the SIJs. The only odd exception was 
erosions on the sacral or iliac sides. Post-hoc analysis 
showed that there was a higher erosion score in the left 
ilium than left sacrum, as well as in right ilium than left 
sacrum. We believed this result was not necessarily mean-
ingful, since the sample size was not large enough. 
However, if this result could be replicated in a study 
with a larger study sample, it could be indicated that 
structural lesions, especially erosions, were more likely 
to develop on the iliac sides of the SIJ. This could serve 
as circumstantial evidence that biomechanical stress could 
induce the development of structural damage of the SIJ in 
patients with axSpA. Overall, by dividing the SIJs into 
different sections, the distributions of such lesions were 
comparable on the sacral or iliac sides, in the upper or 
lower quadrants, or on different levels in the sagittal direc-
tion. This could be explained by the anatomy of the SIJs. 
SIJs connect the spine to the pelvis, thus transferring the 
load from the lumbar spine to the lower extremities.24 

Noteworthy, SIJs were rather stable, allowing minimal 
motion in this joint. Such stability could be attributed to 
the support of muscles and ligaments.24 The highly stable 
structure of the SIJs could potentially prevent the accumu-
lation of mechanical stress exerted on certain quadrants of 
the SIJs.

Interestingly, the distribution of lesions in the spine 
might be a different case. A CT study of the spine in 
patients with ankylosing spondylitis revealed that syndes-
mophytes were not randomly distributed along the verteb-
ral rim.25 Syndesmophytes preferentially occurred at the 
posterolateral rim of the vertebrae, while least common at 
the posterior rim and anterior rim. One possible explana-
tion was that the biomechanical properties of the middle 
column differed from the anterior or posterior elements.26 

Yet, it had not been investigated whether there was 

a pattern of lesion distribution in the SIJs in patients 
with axSpA. Our study was the first one to show that 
bone marrow edema and fat deposition were evenly dis-
tributed in the SIJs, while erosions were more likely to 
develop on the iliac sides. Further analysis showed that 
this discrepancy mainly occurred in patients in nr-axSpA, 
while in patients with r-axSpA erosions were evenly dis-
tributed. It was possible that long-standing inflammation 
of the SIJs could eventually lead to structural damage on 
both sides of the SIJs.

Although results failed to prove our hypothesis, we 
believed our study still bore clinical significance. It could 
be employed to examine the validity of a batch of MR 
images. If a certain batch of MR images consistently 
showed elevated signals on one side, it was justified to 
have scruples about whether the imaging modalities or 
imaging parameters were faulty. Measures should be 
taken to adjust the scanner or the imaging parameters so 
as to ensure the credibility of the images. Secondly, it 
could serve as circumstantial evidence to support the 
hypothesis that biomechanical stress was an important 
etiological factor in the disease mechanism of axSpA.

There were several limitations to this study. First, dis-
ease activity parameters such as BASDAI or ASDAS were 
not retrieved since related information was not properly 
recorded in the medical records. Therefore, the overall 
disease activity status of the included patients could not 
be estimated. Second, this study did not stratify included 
patients according to age, sex, disease activity or disease 
duration. We could not rule out the possibility that there 
was a certain distribution pattern of lesions in a specific 
subset of patients. Third, the study sample was relatively 
small. The actual distribution pattern might be revealed 
under a bigger study sample. Fourth, given the fact that 
this was a cross-sectional study, we did not investigate the 
effect of therapy, especially bDMARDs, on the distribu-
tion of lesions in the SIJs.

Table 3 Post-hoc Analysis of Erosions in the Sacral or Iliac Sections in Patients with axSpA

Comparison Z Value P value

Left ilium – Left sacrum 2.62030925 0.04392503*
Left ilium – Right ilium −0.0450635 0.9640567

Left sacrum - Right ilium −2.6653727 0.04614182*

Left ilium – Right sacrum 1.80784108 0.21189371
Left sacrum - Right sacrum −0.8124682 0.83304609

Right ilium - Right sacrum 1.85290457 0.25558415

Note: *p < 0.05.
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In conclusion, the acute and chronic lesions in the SIJs 
in patients with axSpA were evenly distributed, except that 
erosions were more likely to develop on the iliac sides of 

the SIJs. This result could be applied to examine whether 
the imaging modalities or the imaging parameters were 
faulty if a batch of images consistently showed higher 

Figure 1 Jitter plots of bone marrow edema (BME), fatty lesions and erosions in the sacroiliac joints of patients with axial spondyloarthritis. (A) BME in sacral or iliac 
sections; (B) BME in upper or lower sections; (C) BME in anterior or posterior sections; (D) fatty lesions in sacral or iliac sections; (E) fatty lesions in upper or lower 
sections; (F) fatty lesions in anterior or posterior sections; (G) erosions in sacral or iliac sections; (H) erosions in upper or lower sections; (I) erosions in anterior or 
posterior sections.
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signal on one side. It could also serve as circumstantial 
evidence that biomechanical stress was involved in the 
etiology of axSpA.
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