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TherapeuTic advances in 
Musculoskeletal disease

Introduction
Magnetic resonance imaging (MRI) has become 
important in the management of axial spondy-
loarthritis (SpA) because of its unique role in the 
early diagnosis, classification, and monitoring of 
the disease.1,2 It is the only disease assessment 
tool that has been validated with histological 

inflammatory cellularity in tissue biopsies of the 
sacroiliac (SI) joint.3 Many MRI lesions are, how-
ever, not exclusive to axial SpA and may occur in 
other conditions such as infection, degeneration, 
and malignancy. Further characterization of these 
lesions may guide the development of targeted 
therapies.
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Abstract
Background: Magnetic resonance imaging (MRI) is important in the management of axial 
spondyloarthritis (SpA). However, many MRI lesions are not exclusive to axial SpA. Further 
characterization of these lesions may lead to better clinical decisions.
Objective: The objective of this study was to compare the frequency of individual spinal MRI 
lesions between axial SpA and noninflammatory back pain. The factors associated with 
individual lesions in participants with axial SpA were also determined.
Design: This was a cross-sectional observational study.
Methods: MRI lesions in 447 participants with axial SpA and 122 participants with 
noninflammatory back pain were compared using the propensity score adjustment method. 
Individual lesions included discovertebral lesions (DVL), Modic type 1 lesions, DVL without 
Modic type 1 lesions, facet joint lesions, costovertebral joint lesions, corner inflammatory 
lesions (CIL), and fatty corner lesions (FCL). The factors associated with the lesions were 
determined using regression analyses.
Results: Among participants with axial SpA, 81.9% were HLA-B27-positive, 55.0% had 
radiographic axial SpA, and 60.5% had radiographic features of spinal damage (mSASSS >2). 
Almost half (48.6% in axial SpA versus 31.1% in noninflammatory back pain) had inflammatory 
lesions on spinal MRI. In propensity score matching with noninflammatory back pain, axial 
SpA had an increased occurrence of DVL without Modic type 1 lesion (OR = 3.43, p = 0.01), 
costovertebral lesion (OR = 11.89, p = 0.02), number of CIL (B = 1.19, p < 0.001), and number 
of FCL (B = 3.33, p < 0.001). Similar associations were found in the regression models in 
the radiographic axial SpA subgroup: DVL without Modic type 1 lesion (OR = 2.46, p = 0.001), 
costovertebral lesion (OR = 3.86, p < 0.001), number of CIL (B = 1.13, p < 0.001), and FCL 
(B = 2.29, p < 0.01).
Conclusion: MRI lesions including DVL without Modic type 1, costovertebral joint lesions, CIL, 
and FCL were more specific in axial SpA.
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The Assessment in SpondyloArthritis interna-
tional Society–Outcome Measures in Rheum-
atology (ASAS/OMERACT) MRI working group 
described several inflammatory and structural 
lesions on spinal MRI.4 These include corner 
inflammatory lesions (CIL), discovertebral 
lesions (DVL), spondylitis, facet joint lesions, 
costovertebral lesions, and fatty corner lesions 
(FCL).5 Among these, CIL, FCL, facet joint, and 
costovertebral lesions are specific for axial SpA.4,5 
The DVL is associated with degeneration.6 
Further studies are needed to delineate the types 
of lesions specific to axial SpA.

This study aimed to compare the frequency of 
individual MRI spinal lesions in patients with 
axial SpA and noninflammatory back pain (con-
trols). The factors associated with individual MRI 
lesions in participants with axial SpA were also 
determined.

Methods
This cross-sectional study used data from a mul-
ticenter MRI cohort that was initially designed to 
evaluate the usefulness of diffusion-weighted 
imaging (DWI) in axial SpA.6 It has been regis-
tered in the clinical trial registry of the University 
of Hong Kong (HKUCTR-2087) with details of 
the design and data collection described in previ-
ous publications.6,7 In addition to clinical and 
radiographic data, MRI data included only short 
tau inversion recovery (STIR) sequences and 
T1-weighted images for analysis. The reporting 
of this study conforms to the Strengthening the 
Reporting of Observational Studies in 
Epidemiology (STROBE) statement.8

Recruitment
In total, 447 participants with axial SpA and 122 
participants with noninflammatory back pain 
(controls) were recruited from 11 hospitals 
(Queen Mary, Grantham, Tung Wah, Pamela 
Youde Nethersole Eastern, Caritas Medical 
Center, Tseung Kwan O, Kwong Wah, Prince of 
Wales, Prince Margaret, Hong Kong Eye, and the 
University of Hong Kong, Shenzhen) from April 
2014 to November 2020. Inclusion criteria for 
participants with axial SpA were as follows: (1) 
axial SpA diagnosed by a specialist in rheumatol-
ogy, (2) age >18 years, (3) current back pain, (4) 
biologics-naïve, (5) steroid therapy <10 mg pred-
nisolone (or equivalent) per day, and (6) ability to 
provide written consent. The exclusion criteria 

were as follows: (1) inability to undergo MRI and 
(b) pregnancy. The inclusion criteria for partici-
pants with noninflammatory back pain (controls) 
were as follows: (1) noninflammatory back pain, 
(2) age >18 years, (3) current back pain, (4) ster-
oid therapy <10 mg prednisolone (or equivalent) 
per day, and (5) ability to provide written con-
sent. The exclusion criteria were as follows: (1) 
rheumatology assessment for suspected axial 
SpA, (2) inability to undergo MRI examination, 
and (3) pregnancy. All the participants provided 
written informed consent.

Clinical assessment
All recruited participants underwent clinical 
assessments, blood tests, radiographs, and MRI 
examinations on the same day. Clinical data 
included age, sex, ethnicity, smoking status, alco-
hol use, age at the onset of back pain, duration of 
back pain, family history of SpA, history of pso-
riasis (PsO), history of inflammatory bowel dis-
ease (IBD), history of dysentery or sexually 
transmitted disease preceding SpA, and history of 
uveitis. Physical examination was conducted to 
determine body weight, tender and swollen joint 
count, and spinal mobility for the Bath Ankylosing 
Spondylitis Metrology Index (BASMI).9 The fol-
lowing self-assessment questionnaires were com-
pleted: the Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI),10 Bath Ankylosing 
Spondylitis Functional Index (BASFI),11 and 
Bath Ankylosing Spondylitis Patient Global score 
(BAS-G).12 Blood tests for C-reactive protein 
(CRP) level, erythrocyte sedimentation rate 
(ESR), and HLA-B27 status were performed. 
The ankylosing spondylitis disease activity index 
(ASDAS) was calculated based on the CRP 
(ASDAS-CRP) and ESR (ASDAS-ESR).13

Radiographic assessment and interpretation
Radiographs of the lumbosacral spine (anteropos-
terior and lateral views) were performed in all 
participants to distinguish between those with 
radiographic axial SpA. Cervical spine (lateral 
view) radiographs were obtained only in the par-
ticipants with axial SpA. One investigator 
(H.H.L.T., a specialist in rheumatology with 
7 years of experience in radiographic interpreta-
tion in axial SpA) blinded to the clinical data read 
and scored the radiographs of participants with 
SpA according to the modified Stoke Ankylosing 
Spondylitis Spinal Score (mSASSS)14 for degree 
of ankylosis and the modified New York (mNY) 
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criteria for ankylosing spondylitis (AS) for radio-
graphic axial SpA.15

MRI assessment and interpretation
Whole-spine (STIR and T1-weighted, sagittal 
view, C2 to S1) and bilateral SI joint (STIR only, 
oblique coronal view) MRI were performed using 
a 3.0-T imaging unit with inclusion of a torso coil. 
STIR and T1-weighted images were obtained con-
secutively with the participants in the supine posi-
tion on the same MRI examination. Details of the 
MRI parameters have been reported previously.6,7

SI joint MRI was independently assessed by two 
investigators (S.C.W.C. and H.Y.C., with 5 and 
9 years of experience in axial SpA, respectively), 
and positive sacroiliitis was defined according to 
the Assessment of SpondyloArthritis International 
Society (ASAS) handbook.16 Spinal MRI images 
were also read by both investigators according to 
the Spondyloarthritis Research Consortium of 
Canada (SPARCC) scoring system,17 with aver-
age SPARCC scores used for analyses.

All lesions on whole-spine MRI were inflamma-
tory, except for FCL. The inflammatory lesions 
were hyperintense on STIR imaging. A DVL was 
defined in the Canada-Denmark scoring system18 
as hyperintense bone marrow contiguous with the 
vertebral endplate and intervertebral disk, with or 
without involvement of the vertebral corner in 
any central sagittal section. Modic type 1 lesions 
in the subchondral bone marrow of the vertebral 
endplate with disk degeneration are hyperintense 
on STIR, but hypointense on T1-weighted imag-
ing.19 CIL are hyperintense in the vertebral cor-
ners. Facet joint and costovertebral lesions are 
hyperintensities in the respective anatomical 
areas. An FCL is a structural lesion defined as a 
well-demarcated triangular lesion in the corner of 
any vertebral body in at least one sagittal slice that 
is hyperintense on T1-weighted images and 
hypointense on STIR.20

The presence of individual MRI lesions was 
determined on the basis of the consensus of the 
principal investigator (H.Y.C.) and another 
investigator with variable expertise in MRI inter-
pretation. S.C.W.C. and K.H.L. both had 5 years 
of experience, and R.S.W.Y. had 2 years of expe-
rience. CIL, facet joint, and costovertebral joint 
lesions were read by S.C.W.C.; DVL and Modic 
type 1 lesions by K.H.L.; and FCL by R.S.W.Y. 
All lesions were independently scored as either 0 

(absent) or 1 (present). Except for the costoverte-
bral joint lesions, all lesions were scored at the 
cervical, thoracic, and lumbar spinal levels. A 
lesion was considered a true positive if both inves-
tigators scored ‘1’. All readers were blinded to the 
clinical, blood, and radiographic data during the 
MRI interpretation.

Sample size calculation
The same size was calculated based on an estima-
tion that spinal MRI lesions are found in 50% of 
patients with axial SpA based on our previous 
publication.21 We assumed that 0.35% of the 
population (7.5 million) had axial SpA.22 Using a 
confidence level of 95% and 5% margin of error, 
the calculated sample size was 379. The final 
recruited number of participants with axial SpA 
was 447. The frequency of spinal MRI lesions in 
noninflammatory back pain is not known. The 
recruited number of participants with noninflam-
matory back pain was 122, which was similar to 
our previous study.21

Statistical analyses
Independent-samples t tests and chi-square tests 
were used to compare continuous and categorical 
variables, respectively. Inter-reader agreements of 
the MRI scores, number of CIL and FCL were all 
determined by the intraclass correlation coeffi-
cient, while that of MRI lesions by Cohen’s kappa 
test. The agreement was interpreted as slight 
(0.00–0.20), fair (0.21–0.40), moderate (0.41–
0.60), substantial (0.61–0.80), and almost perfect 
(0.81–1.00).

The incidence of MRI lesions in axial SpA and 
noninflammatory back pain was compared using 
the propensity score adjustment method. Known 
or potential confounding factors for MRI lesions 
were included in the logistic regression analysis to 
generate a propensity score. Confounding factors 
included age, male sex, Chinese ethnicity, smok-
ing status, regular alcohol use, age at onset of 
back pain, duration of back pain, and family his-
tory of SpA. Logistic and linear regressions strati-
fied by propensity scores were used to determine 
the chance of occurrence of individual MRI 
lesions. Results were expressed as odds ratios 
(OR) or regression coefficients (B).

The factors associated with individual MRI lesions 
were identified in the axial SpA group. Univariate 
linear regression was tested using the number of 
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CIL and FCL as dependent variables, and uni-
variate logistic regression was tested using DVL 
without Modic type 1 lesion, and costovertebral 
joint lesions as dependent variables. Possible caus-
ative factors were selected as the independent var-
iables. These included axial SpA, age, male sex, 
Chinese ethnicity, smoking, regular alcohol use, 
age at back pain onset, duration of back pain, fam-
ily history of SpA, HLA-B27 positivity, and radio-
graphic axial SpA. Independent variables with a p 
value less than 0.1 in univariate linear-logistic 
regression analyses were retested in multivariate 
regression models. Results were reported as OR in 
logistic regression models and as B and standard 
coefficients (β) in linear regression models. A 95% 
confidence interval (CI) was also reported. Unless 
specified otherwise, a p value of less than 0.05 was 
considered statistically significant. Missing values 
were handled using listwise deletion. All statistical 
analyses were performed using the Statistical 
Product and Service Solution package (SPSS) 
Version 27 (IBM Corp., Armonk, NY, USA).

Results
In total, 447 participants with axial SpA and 122 
with noninflammatory back pain as controls were 
included in the analyses. All participants under-
went MRI of the whole spine and SI joint.

The baseline characteristics of the patients are 
shown in Table 1. The patients in the axial SpA 
group were younger in age, predominantly male, 
had more smokers, had earlier age of onset and 
longer duration of back pain, and higher inci-
dence of family history of SpA and B27 status 
compared with those in the noninflammatory 
back pain group. Participants with axial SpA were 
characterized by a long duration of back pain, 
predominantly Chinese, moderate-to-high dis-
ease activity, and moderate functional impair-
ment. In the axial SpA group, 13.9% and 2.5% of 
the participants had concomitant PsO and IBD, 
respectively. Although mostly participants with 
axial SpA were HLA-B27 positive, only 55.0% 
had radiographic axial SpA and 60.5% had radio-
graphic features of spinal damage (mSASSS >2). 
Almost half of the participants (48.7% in axial 
SpA versus 31.1% in noninflammatory back pain) 
were found to have spine inflammation on MRI.

Inter-reader reliability
The inter-reader reliability of the scores and MRI 
lesions were as follows: SPARCC spine score 

0.85, STIR MRI sacroiliitis 0.78, DVL 0.72, cer-
vical DVL 0.80, thoracic DVL 0.90, lumbar DVL 
0.80, Modic type 1 lesion 0.68, cervical Modic 
type 1 lesion 0.65, thoracic Modic type 1 lesion 
0.85, lumbar Modic type 1 lesion 0.61, facet joint 
lesion 0.64, costovertebral joint lesion 0.92, num-
ber of CIL 0.90, and number of FCL 0.95. Inter-
reader reliability was substantial to almost 
perfect.

Description of MRI lesions
The prevalence of individual MRI lesions in both 
the groups is shown in Table 2. FCL and CIL 
were the two most prevalent lesions in axial SpA. 
Compared with those in the control group, par-
ticipants with axial SpA had more DVL without 
Modic type 1 lesions, facet joint lesions, costover-
tebral lesions, or CIL. No significant differences 
were found in the DVL, Modic type 1 lesions, or 
FCL.

Chance of occurrence of individual MRI lesions 
in axial SpA
Participants with axial SpA showed an increased 
occurrence of DVL without Modic type 1 or cos-
tovertebral lesions (Table 3). Axial SpA also had 
greater numbers of CIL, thoracic CIL, FCL, and 
thoracic and lumbar FCL. No significant differ-
ences between the two groups were noted in 
DVL, Modic type 1 lesions, cervical and lumbar 
CIL, and cervical FCL.

Regression analyses of MRI lesions in axial SpA

1. DVL without Modic type 1 lesion as dependent 
variable

Chinese ethnicity and radiographic axial SpA 
showed significant associations (p < 0.1) on uni-
variate logistic regression analysis while multivari-
ate logistic regression revealed that only 
radiographic axial SpA was independently associ-
ated with DVL without type 1 Modic lesion 
(Table 4).

2. Costovertebral joint lesion as dependent 
variable

On univariate logistic regression analyses, the 
male sex, smoking, and radiographic axial SpA 
were found to have significant associations 
(p < 0.1), while multivariate logistic regression 

https://journals.sagepub.com/home/tab


HY Chung, JX Huang et al.

journals.sagepub.com/home/tab 5

Table 1. Baseline characteristics of participants with axial SpA and noninflammatory back pain.

Axial SpA (n = 447) Noninflammatory back pain (n = 122) p value

Age (years) 44.9 ± 14.0 48.1 ± 15.0 0.01

Male gender 261/447 (58.4%) 39/122 (32.0%) <0.001

Chinese ethnicity 440/447 (98.4%) 122/122 (100%) 0.16

Smoking 112/447 (25.1%) 19/122 (15.6%) 0.03

Regular alcohol use 43/447 (9.6%) 9/122 (7.4%) 0.44

Age of back pain onset (years; mean ± SD) 32.8 ± 13.7 40/0 ± 14.8 <0.001

Duration of back pain (years) (mean ± SD) 12.1 ± 11.5 8.1 ± 9.0 <0.001

Family history of SpA 105/447 (23.5%) 8/122 (6.6%) <0.001

HLA-B27 positive 349/426 (81.9%) 9/102 (8.9%) <0.001

History of PsO 62/447 (13.9%) N/A N/A

History of IBD 11/447 (2.5%) N/A N/A

History of dysentery or sexually transmitted disease 
preceding SpA

6/438 (1.4%) N/A N/A

History of uveitis 154/446 (34.5%) N/A N/A

Back pain NRS 5.4 ± 2.5 5.6 ± 2.5 0.20

BASDAI (mean ± SD) 4.5 ± 2.1 N/A N/A

BASFI (mean ± SD) 2.8 ± 2.4 N/A N/A

BAS-G (mean ± SD) 4.8 ± 2.5 N/A N/A

CRP mg/dl (mean ± SD) 1.2 ± 3.1 0.4 ± 1.6 <0.001

ESR mm/hr (mean ± SD) 31.3 ± 25.1 29.1 ± 22.3 0.41

ASDAS-CRP (mean ± SD) 1.9 ± 0.9 N/A N/A

ASDAS-ESR (mean ± SD) 3.0 ± 1.0 N/A N/A

Tender joint count (mean ± SD) 1.6 ± 3.2 N/A N/A

Swollen joint count (mean ± SD) 0.5 ± 1.4 N/A N/A

BASMI (mean ± SD) 3.4 ± 1.7 N/A N/A

Radiographic axial SpA 242/440 (55.0%) N/A N/A

mSASSS (mean ± SD) 12.2 ± 18.1 N/A N/A

mSASSS >2 240/397 (60.5%) N/A N/A

MRI spine inflammation 217/447 (48.6%) 38/122 (31.1%) <0.001

SPARCC MRI spine 5.3 ± 7.9 N/A N/A

MRI SI joint inflammation 134/442 (30.3%) 3/122 (2.5%) <0.001

SPARCC MRI SI joint 3.1 ± 6.0 N/A N/A

ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondyloarthritis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional 
Index; BA1S-G, Bath Ankylosing Spondylitis Global score; BASMI, Bath Ankylosing Spondylitis Metrology Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation 
rate; HLA, human leucocyte antigen; IBD, inflammatory bowel disease; kg, kilogram; MRI, magnetic resonance imaging; mSASSS, modified Stoke Ankylosing Spondylitis 
Spinal Score; n, number; N/A, not available; NRS, numerical rating score; PsO, psoriasis; SD, standard deviation; SI, sacroiliac; SpA, spondyloarthritis.
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showed that only radiographic axial SpA was 
independently associated with costovertebral 
joint lesion (Table 5).

3. Number of CIL and FCL as dependent 
variables

Using the number of CIL as the dependent vari-
able, univariate linear regression analyses showed 
that male sex, smoking, age at back pain onset, 
HLA-B27 positivity, and radiographic axial SpA 
were significantly associated (p < 0.1). Multi-
variate linear regression analysis showed that the 

Table 2. Prevalence of different MRI lesions.

Participants with 
axial SpA (n = 447)

Participants with noninflammatory 
back pain (n = 122)

p value

DVL 120/447 (26.8%) 23/122 (18.9%) 0.07

Modic type 1 lesion 47/447 (10.5%) 17/122 (13.9%) 0.29

DVL without Modic type 1 lesion 73/447 (16.3%) 6/122 (4.9%) <0.01

Cervical DVL 31/442 (7.0%) 6/118 (5.1%) 0.45

Cervical Modic type 1 lesion 13/442 (2.9%) 5/118 (4.2%) 0.48

Thoracic DVL 68/442 (15.4%) 2/118 (1.7%) <0.001

Thoracic Modic type 1 lesion 13/442 (2.9%) 0/118 (0.0%) 0.06

Lumbar DVL 41/442 (9.3%) 17/118 (14.4%) 0.10

Lumbar Modic type 1 lesion 26/442 (5.9%) 13/118 (11.0%) 0.05

Facet joint lesion 35/447 (7.8%) 3/122 (2.5%) 0.04

Cervical facet joint lesion 3/447 (0.7%) 0/122 (0.0%) 0.36

Thoracic facet joint lesion 21/447 (4.7%) 1/122 (0.8%) 0.05

Lumbar facet joint lesion 20/447 (4.5%) 2/122 (1.6%) 0.15

Costovertebral lesion 50/447 (11.2%) 1/122 (0.8%) <0.001

CIL 205/447 (45.9%) 28/122 (23.0%) <0.001

Number of CIL 2.0 ± 3.4 0.5 ± 1.1 <0.001

Number of cervical CIL 0.1 ± 0.7 0.0 ± 0.3 0.02

Number of thoracic CIL 1.6 ± 3.0 0.2 ± 0.9 <0.001

Number of lumbar CIL 0.4 ± 0.9 0.2 ± 0.7 0.02

FCL 154/447 (34.5%) 36/122 (29.5%) 0.31

Number of FCL 5.0 ± 8.1 1.2 ± 2.1 <0.001

Number of cervical 0.6 ± 1.8 0.2 ± 0.7 <0.001

Number of thoracic 2.9 ± 4.9 0.3 ± 0.9 <0.001

Number of lumbar 1.6 ± 2.8 0.6 ± 1.3 <0.001

CIL, corner inflammatory lesion; DVL, discovertebral lesion; FCL, fatty corner lesion; MRI, magnetic resonance imaging; 
n, number; N/A, not available; SD, standard deviation; SpA, spondyloarthritis; SPARCC, Spondyloarthritis Research 
Consortium of Canada.
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male sex and radiographic axial SpA were inde-
pendently associated with the number of CIL 
(Table 6).

Using the number of FCL as the dependent vari-
able, univariate linear regression analyses showed 
that age, male sex, smoking, regular alcohol use, 
age at back pain onset, duration of back pain, 
HLA-B27 positivity, and radiographic axial SpA 
were significantly associated (p < 0.1). 
Multivariate linear regression analysis revealed 
that male sex, HLA-B27 positivity, and radio-
graphic axial SpA were independently associated 
with the number of FCL.

Missing data
HLA-B27 status was missing in 21 (4.7%) par-
ticipants, and lumbosacral spinal radiographs 
were absent in 7 (1.6%) participants. Information 
regarding the level of DVLs was not recorded 
during image interpretation in nine participants 

(1.6%). All missing data were <5% and consid-
ered insignificant.

Discussion
Spinal MRI lesions were common and found in 
more than half of the participants with axial SpA. 
The three most prevalent lesions were CIL, FCL, 
and DVL. MRI lesions that occurred with 
increased incidence in axial SpA were DVL with-
out Modic type 1 lesions, costovertebral lesions, 
CIL, and FCL. In contrast, the incidence of 
DVL, Modic type 1 lesions, and facet joint lesions 
were similar to those of noninflammatory back 
pain.

MRI is the most sensitive imaging modality for 
spinal inflammation in patients with SpA. With 
the rapid development of biological drugs and 
inadequately reliable serum markers, MRI has 
unique roles in the assessment of disease activity 
and monitoring the efficacy of biological 

Table 3. Chances of occurrence of different MRI lesions in axial SpA when compared with noninflammatory 
back pain by propensity score adjustment.

OR (95% CI) p value

DVL (n = 569) 1.59 (0.94, 2.70) 0.09

Modic Type 1 lesion (n = 569) 0.82 (0.43, 1.55) 0.54

DVL without Modic type 1 lesion (n = 569) 3.43 (1.41, 8.30) 0.01

Facet joint lesion (n = 569) 2.56 (0.74, 8.81) 0.14

Costovertebral lesion (n = 569) 11.89 (1.60, 88.56) 0.02

 Regression coefficient (95% CI) p value

Number of CIL (n = 568) 1.19 (0.54, 1.83) <0.001

Number of cervical CIL (n = 568) 0.08 (–0.06, 0.23) 0.27

Number of thoracic CIL (n = 568) 1.02 (0.45, 1.58) <0.001

Number of lumbar CIL (n = 568) 0.10 (–0.09, 0.28) 0.29

Number of FCL (n = 569) 3.33 (1.78, 4.89) <0.001

Number of cervical FCL (n = 569) 0.32 (–0.03, 0.67) 0.07

Number of thoracic FCL (n = 569) 2.28 (1.34, 3.22) <0.001

Number of lumbar FCL (n = 569) 0.80 (0.27, 1.34) <0.01

Covariates included in the propensity score are as follows: age, male gender, Chinese ethnicity, smoker, regular alcohol 
use, age of onset of back pain, duration of back pain, and family history of SpA.
CI, confidence interval; CIL, corner inflammatory lesion; DVL, discovertebral lesion; FCL, fatty corner lesion; OR, odds 
ratio.
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disease-modifying anti-rheumatic drugs 
(b-DMARD).23 This study showed that MRI 
lesions may be found in approximately 30% of 
patients with noninflammatory back pain. This 

‘background noise’ is present in SI joint MRI of 
healthy individuals,24 highlighting the presence of 
other contributing factors, such as minor trauma 
and mechanical stress. Our study showed that 

Table 4. Logistic regression analyses of factors associated with DVL without Modic type 1 lesion.

DVL without Modic type 1 lesion OR (95% CI) p N = 440

OR (95% CI) p

Age (n = 447) 1.00 (0.98, 1.02) 0.63  

Male gender (n = 447) 1.35 (0.80, 2.28) 0.26  

Chinese ethnicity (447) 0.25 (0.06, 1.15) 0.08 0.28 (0.06, 1.34) 0.11

Smoking (n = 447) 1.47 (0.85, 2.55) 0.17  

Regular alcohol use (n = 447) 0.65 (0.25, 1.71) 0.38  

Age of back pain onset (n = 447) 0.99 (0.97, 1.01) 0.42  

Duration of back pain (n = 447) 1.02 (1.00, 1.04) 0.13  

Family history of SpA (n = 447) 0.90 (0.49, 1.64) 0.73  

HLA-B27 positivity (n = 426) 1.22 (0.61, 2.45) 0.58  

Radiographic axial SpA (n = 440) 2.50 (1.44, 4.34) 0.001 2.46 (1.41, 4.29) 0.001

CI, confident interval; DVL, discovertebral lesion; HLA, human leucocyte antigen; n, number; OR, odds ratio; SpA, 
spondyloarthritis.

Table 5. Logistic regression analyses of factors associated with costovertebral lesions.

Costovertebral lesion Univariate logistic regressions Multivariate logistic regressions

 OR (95% CI) p value OR (95% CI) p value

N = 440

 Age (n = 447) 0.99 (0.97, 1.01) 0.48  

 Male gender (n = 447) 1.77 (0.93, 3.34) 0.08 1.39 (0.71, 2.73) 0.34

 Chinese ethnicity (n = 447) 0.75 (0.09, 6.48) 0.79  

 Smoking (n = 447) 2.00 (1.08, 3.71) 0.03 1.43 (0.74, 2.76) 0.29

 Regular alcohol use (n = 447) 1.33 (0.53, 3.32) 0.55  

 Age of back pain onset (n = 447) 1.00 (0.97, 1.02) 0.67  

 Duration of back pain (n = 447) 0.96 (0.97, 1.02) 0.67  

 Family history of SpA (n = 447) 1.63 (0.86, 3.09) 0.14  

 HLA-B27 positivity (n = 426) 1.62 (0.66, 3.96) 0.29  

 Radiographic axial SpA (n = 440) 4.28 (2.03, 9.05) <0.001 3.86 (1.80, 8.24) <0.001

CI, confident interval; HLA, human leucocyte antigen; n, number; OR, odds ratio; SpA, spondyloarthritis.
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individual MRI lesions that are more specific to 
axial SpA might be more suggestive of disease-
related changes.

Compared with those having noninflammatory 
back pain, participants with axial SpA were gener-
ally younger and predominantly male. Eschewing 
the conventional age- and sex-matched controls 
where much data may be lost, this study used the 
propensity score adjustment method to mitigate 
the effects of confounding factors including age 
and sex, among others, to give a more accurate 
estimate of the occurrence of lesions in axial SpA.

We observed that CIL and FCL had higher 
occurrences in axial SpA, which have been pro-
posed as supplemental diagnostic aids for the 
ASAS classification criteria, albeit with limited 
added value.25–27 The pathophysiology of CIL 
remains unclear. The presence of FCL coupled 
with CIL is suggestive of resolution of inflamma-
tion.28,29 In this study, the increase in the number 
of CIL and FCL in the thoracic region was more 
likely due to disease-related primary inflamma-
tory processes than degeneration. The thoracic 
spine is less affected by degeneration owing to its 
inherent non-weight-bearing biomechanics.30

Persistent inflammation is associated with syn-
desmophyte formation;31 however, new bone for-
mation has been observed upon resolution of 
CIL.32 Despite this apparent contradiction, pro-
spective data have shown that both CIL and FCL 
predicted the development of new syndesmo-
phytes.33 Persistent inflammation may result in 
fatty changes and promotion of osteoclastogene-
sis via the receptor activator of nuclear factor-
kappa B (RANK).34 Both RANK and tumor 
necrosis factor-α (TNF-α) activate the Wnt sign-
aling pathway, leading to new bone formation. In 
this study, both CIL and FCL were associated 
with male sex, and FCL was associated with 
HLA-B27 positivity. Male sex and HLA-B27 
positivity are poor prognostic factors for spinal 
ankylosis.35 Shared-associated factor(s) could fur-
ther explain the increased risk of spinal 
ankylosis.

Costovertebral joint lesions were found to be spe-
cific to axial SpA. They are associated with 
restrictions in spinal mobility and functional 
impairment,36 are not uncommon,37 and are often 
overlooked.28 In this study, costovertebral lesions 
were associated with radiographic axial SpA. 
Facet joint lesions, however, which are associated 

with decreased spinal mobility and increased 
functional impairment36 and are present in spinal 
degeneration,38 are nonspecific for SpA. 
Degeneration may result in varying degrees of 
secondary inflammation. Increased levels of 
inflammatory cytokines in facet joint tissue have 
been found in surgical cases of degenerative lum-
bar spinal disorders.39 Another MRI study found 
that 75% of patients with Modic type 1 lesions, 
indicative of degeneration, also had facet joint 
inflammation.40 The findings of our study are in 
line with those of previous international studies.

We found that the DVL without Modic type 1 
lesions was the only subtype of DVL that showed 
a higher occurrence in axial SpA. This suggests 
that SpA is associated with inflammation and not 
with disk degeneration. The pathogenesis of 
DVLs may result from a combination of primary 
inflammation, minor trauma, and mechanical 
stress.41 DVL without Modic type 1 lesions may 
be a result of primary inflammation irrespective of 
mechanical factors.38 It has been argued that 
DVL with Modic type 1 lesions (disk degenera-
tion) could be a feature of active disease;42 how-
ever, data from the present study have shown 
otherwise.

Our study had a few limitations. First, the cross-
sectional design allowed only the identification of 
associations, not the directionality of possible 
causation. Although propensity score adjustments 
were performed, other unrecognized confounding 
factors of the MRI lesions may have contributed 
to this bias. This statistical method is frequently 
used to compare two distinct populations to allow 
for the comprehensive matching of confounding 
factors.43,44 Missing data in less than 5% of the 
study population may be considered insignificant. 
Second, this study only investigated commonly 
recognized lesions. However, a sizable number of 
other MRI lesions (e.g. erosion, other types of 
Modic lesions, and enthesitis of spinal ligaments) 
with unknown significance in SpA are yet to be 
studied.

Conclusion
Spinal MRI lesions that were more specific to 
axial SpA included DVL without Modic type 1 
lesions, costovertebral joint lesions, CIL, and 
FCL. In both axial SpA and noninflammatory 
back pain groups, however, no significant differ-
ences were noted in the occurrence of DVL, facet 
joint lesions, or Modic type 1 lesions. We believe 
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that our data would help in the interpretation of 
individual MRI lesions in axial SpA.
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