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INTRODUCTION
Spondyloarthritis (SpA) is an umbrella term which 
includes several inflammatory arthritides sharing 
common clinical features, such as sacroiliitis, spondylitis, 
peripheral arthritis/enthesitis and various extra-
articular manifestations. The disease spectrum of SpA 
includes ankylosing spondylitis (AS), as its prototype; 
psoriatic arthritis; reactive arthritis; inflammatory 
bowel disease-associated SpA and undifferentiated SpA. 
Although typically presenting at a young age, SpA is 
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often a relentlessly progressive disease even in this new 
era of biologics. Particularly for AS, patients classically 
experience an “ascending disease” with ongoing 
inflammation beginning at the sacroiliac (SI) joints, then 
progressing up from the lumbar to cervical spine [1]. 

The advent of magnetic resonance imaging (MRI) 
has enabled clinicians to more accurately detect active 
inflammation in SpA, thereby allowing earlier diagnosis 
and more objective assessment of disease severity. In 
the last few years, much research has been focusing on 
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discovering new and better MRI modalities. Notable 
milestones include the T2-weighted short tau inversion 
recovery (STIR) sequences and diffusion weighted 
imaging (DWI) [2-4], as well as the inclusion of MRI 
of the SI joints in the Assessment of SpondyloArthritis 
International Society (ASAS) Classification Criteria for 
axial SpA [5,6].

Despite these rapid advancements, there have been 
few reports examining the association between age 
and disease activity in SpA, especially with the use of 
these various new modalities of imaging. Although a 
study suggested MRI can differentiate between SpA-
related and degenerative changes [7], the increase in 
degenerative lesions by age could potentially affect 
axial disease activity assessment by MRI. In this cross-
sectional analysis, we examined the associations of age 
with the clinical and radiological disease activities in axial 
SpA using radiographs as well as different modalities of 
MRI. We also re-examined the associations in MRI after 
eliminating the effect of degenerative changes.

METHODS
Patient population and demographic data 
All patients fulfilled the ASAS Classification Criteria 
for axial SpA. Inclusion criteria included: i) age greater 
than 18 years, ii) current back pain of all types, iii) 
ability to give written consent, and iv) biologics naïve. 
Exclusion criteria included: i) pregnancy and ii) 
inability to undergo MRI examination. Consecutive 
patients being followed up in the rheumatology clinics 
were recruited from Queen Mary Hospital and Pamela 
Youde Nethersole Hospital, two regional tertiary 
hospitals in Hong Kong. Blood parameters including 
human leucocyte antigen (HLA) B27 and C-reactive 
protein (CRP) were obtained. Clinical data were 
collected by medical record review and standardized 
questionnaires on the day of MRI examination. Patients 
were recruited between March 2014 and October 2015. 
Details of the study has been published in our previous 
manuscript [2,8].

Clinical disease activity and functional scores 
Clinical disease activity was assessed according to the 
Ankylosing Spondylitis Disease Activity score based 
on CRP (ASDAS-CRP) [9,10]. Functional disease 
activity was assessed according to the Bath Ankylosing 
Spondylitis Functional Index (BASFI) [11] and spinal 
mobility was assessed according to Bath Ankylosing 
Spondylitis Metrology Index (BASMI) [12]. 

Radiographs of the SI joints and axial spine 
Radiographs of the cervical spine, and lumbar spine 
(anteroposterior and lateral views) were performed. 
Radiographs were scored and calculated according to 
the modified Stoke Ankylosing Spondylitis Spinal Score 
(mSASSS) [13] by two rheumatologists (H.Y.C. and 
H.H.L.T.) by consensus.

MRI of the SI joints and axial spine
All recruited patients underwent whole spine (sagittal 
plane) and bilateral SI (both the semi-coronal and semi-
axial plane) joint MRI examinations using a 3T Achieva 
scanner (Philips Healthcare, Best, Netherlands), with 
STIR sequence, T1-weighted, and DWI obtained 
simultaneously. The technical parameters for STIR 
images were as follows: TR/TE = 5000/80 ms; field-of-
view = 150 × 240 mm2; matrix size = 152 × 157; slice 
thickness = 3.5 mm (with no gap). Sagittal T1-weighted 
turbo spin echo (TSE) images were acquired using 
following parameters: TR/TE = 800/8 ms; field-of-
view = 150 × 240 mm2; matrix size = 168 × 217; slice 
thickness = 3.5 mm (with no gap). Sagittal T2-weighted 
TSE images were acquired using following parameters: 
TR/TE = 3000/110 ms; field-of-view = 150 × 240 mm2; 
matrix size = 168 × 215; slice thickness = 3.5 mm (with 
no gap). Free-breathing DWI with fat suppression was 
performed using a single-shot spin-echo echo-planar 
imaging sequence with 4 b-values (0, 100, 600, 1000 s/
mm2). Other imaging parameters were: repetition time/
echo time = 4000/90 ms; field-of-view = 300 × 241 mm2; 
matrix size = 124 × 100; slice thickness = 4 mm (with 
no gap); SENSE factor = 2 along the phase-encoding 
direction; readout bandwidth = 2289 Hz.

STIR sequence MRIs of the SI joints and axial spine 
were scored according to the SPARCC MRI Index, 
and the maximum ADC values of any inflammatory 
lesions were measured and recorded (DWI(ADC)) 
by radiologist (X.X.). Blinded from clinical data, all 
MRIs were graded according to the SpondyloArthritis 
Research Consortium of Canada (SPARCC) MRI 
Index [14,15] by a team of two radiologist(s) or 
rheumatologist(s) (C.S.W., H.Y.C; V.W.H.L., G.H.) by 
consensus. 

For subgroup analysis, all available MRI axial 
spine images were reviewed and those with Modic 
Type 1 lesions were identified according to the Modic 
classification system [16], i.e. hypointense signal in 
T1-weighted and hyperintense signal in T2-weighted 
sequences, by an independent reader (P.H.L). These 
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patients were excluded prior to univariate and 
multivariate linear regression. 

Statistical analyses
The median age of Hong Kong from 2001 to 2016 ranged 
from 37.2 to 44.4 years [17]. In our analyses, we consider 
40 years as our median age. Using this reference, patients 
were first separated into two groups: those older than, 
and those younger than or equal to 40 years of age. 
The chi-squared statistic and independent samples 
t-test were used to compare categorical and continuous 
variables between the two groups, respectively. Variables 
with a p-value < 0.1 were then used as dependent 
variables in univariate linear regression. Gender (male 
sex), smoking, drinking, presence of inflammatory 
lesions on MRI and HLA B27 positivity were also 
tested as regressors in linear univariate regression 
analyses. Independent variables with a p-value less 
than 0.1 in univariate regression analysis were re-tested 
in multivariate regression models. The 95% CI were 
calculated and p values less than 0.05 were considered 

statistically significant. IBM SPSS Statistics version 20 
was used for all analyses. 

Ethics approval
The study was approved by the Institutional Review 
Board of the University of Hong Kong and Hospital 
Authority Hong Kong West Cluster; and Ethics 
Committee, Hong Kong East Cluster. It was conducted 
in accordance with the Declaration of Helsinki and the 
Guidance for Good Clinical Practice. All participants 
gave their written informed consent.

RESULTS
One hundred and twenty-one ethnically Chinese 
patients fulfilling the ASAS Classification Criteria for 
axial SpA were recruited. Most of them fulfilled the 
Modified New York (MNY) criteria for Ankylosing 
Spondylitis (AS). Mean ages of AS group and non-
radiographic axial SpA group were similar (43.8 ± 14.0 
years vs. 40.1 ± 12.7 years; p = 0.27).

Table 1 compares the baseline characteristics 
between patients > 40 and those ≤ 40 years of age. The 

Table 1.  Baseline characteristics between patients older than and younger 
or equal to 40 years of age.

  Age > 40 (n = 64) Age ≤ 40 (n = 57) p-value

Male 31 (48%) 36 (63%) 0.10

Smoking 16 (25%) 17 (30%) 0.55

Drinking 5 (8%) 9 (16%) 0.17

HLA B27 positivity 44 (72%) 46 (85%) 0.09

Back pain (numerical rating score) 5.84 ± 2.49 5.16 ± 2.51 0.13

Back pain duration (years) 7.3 ± 6.9 15.4 ± 12.9 < 0.001

ASDAS-CRP 1.94 ± 0.89 1.80 ± 0.93 0.41

BASFI 3.41 ± 2.33 2.48 ± 2.61 0.04

BASMI 3.83 ± 1.43 2.92 ± 1.43 < 0.01

Fulfilled MNY criteria for AS 54 (85.7%) 42 (76.4%) 0.19

Non-radiographic axial SpA 9 (14.3%) 13 (23.6%) 0.19

mSASSS 17.47 ± 19.40 3.96 ± 10.45 < 0.01

SPARCC SI joints 3.09 ± 5.93 7.73 ± 13.26 0.03

SPARCC spine 5.46 ± 10.96 5.13 ± 8.86 0.86

DWI(ADC) SI joint lesions 0.96 ± 0.27 1.28 ± 0.40 < 0.01

DWI(ADC) Spine lesions 2.07 ± 0.38 1.78 ± 0.22 < 0.01

HLA = Human leucocyte antigen; ASDAS = Ankylosing Spondylitis Disease Activity Score; CRP = C-reactive protein; 
BASFI = Bath Ankylosing Spondylitis Functional Index; BASMI = Bath Ankylosing Spondylitis Metrology Index; 
MNY =  Modified New York; AS = Ankylosing Spondylitis; mSASSS = modified Stoke Ankylosing Spondylitis Spinal 
Score; SPARCC = SpondyloArthritis Research Consortium of Canada; SI = sacroiliac; DWI = diffusion weighted image.
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average age of our cohort was 43.0 years at recruitment. 
Mean age of the younger group was 30.9 ± 6.1 years 
while that of the older group was 53.8 ± 9.0 years. 
Patients older than 40 years were more likely to have 
more functional limitations (higher BASFI and BASMI 
scores), more structural damage (higher mSASSS), 
but less inflammation involving the SI joints (lower 
DWI[ADC]). No significant associations were found 
between age and SPARCC MRI Index of the spine. 

BASFI and BASMI as dependent variables
Independent variables tested in univariate models of 
BASFI and BASMI included: age, back pain duration, 
male sex, smoking, drinking, HLA B27 status, ASDAS-
CRP, mSASSS, and MRI inflammatory lesions. 

Significant variables with BASFI included: age (B = 
0.05, p < 0.01), ASDAS-CRP (B = 2.11, p < 0.01) and 
mSASSS (B = 0.03, p = 0.03). Multivariate analysis 
(Table 2) showed that increasing age (B = 0.04, p < 
0.01) and higher ASDAS-CRP (B = 2.09, p < 0.01) were 
independently associated with higher BASFI scores.

Significant variables with BASMI included: age (B = 
0.05, p < 0.01), back pain duration (B = 0.03, p = 0.02), 
HLA B27 status (B = (-0.61), p = 0.07), ASDAS-CRP 
(B = 0.65, p < 0.01) and mSASSS (B = 0.05, p < 0.01). 
Multivariate analysis (Table 2) showed that increasing 
age (B = 0.03, p < 0.01), higher ASDAS-CRP (B = 0.52, 
p < 0.01) and higher mSASSS (B = 0.03, p < 0.01) were 
independently associated with higher BASMI scores.

mSASSS as a dependent variable
Independent variables tested in univariate analysis 
of mSASSS included: age, back pain duration, male 
sex, smoking, drinking, HLA B27 status, and ASDAS-
CRP. 

Significant variables included: age (B = 0.53, p < 
0.01), back pain duration (B = 0.60, p < 0.001), male sex 
(B = 5.52, p = 0.10), smoking (B = 6.51, p = 0.08) and 
ASDAS-CRP (B = 3.38, p = 0.07). Multivariate analysis 
(Table 3) showed that increasing age (B = 0.57, p < 0.01) 
and male sex (B = 7.44, p = 0.02) were independently 
associated with higher mSASSS. 

SPARCC MRI Index of SI joints and DWI(ADC) of 
SI joints and spine as dependent variables 
Independent variables tested in univariate analyses for 
SPARCC MRI Index of SI joints, DWI(ADC) of SI joints 
and spine included: age, back pain duration, male sex, 
smoking, drinking, HLA B27 status, and ASDAS-CRP.

Significant variables included for SPARCC MRI 
Index of SI joints: age (B = (-0.2), p = 0.01), back pain 
duration (B = (-0.2), p = 0.03), and male sex (B = 3.27, 
p = 0.10). The association between age and SPRCC MRI 
index was lost in multivariate analysis (Table 4).

Significant variables with the DWI(ADC) of the 
SI joints included: age (B = (-0.01), p < 0.01) and HLA 
B27 positivity (B = 0.23, p = 0.08). Multivariate analysis 
(Table 4) showed age to be inversely associated with the 
DWI(ADC) of the SI joints (B = (-0.01), p < 0.01). 

In contrast, age was the only significant variable 
and showed a significant positive association with 
DWI(ADC) of the spine (B = 0.01, p = 0.01). 

Subgroup analysis – Excluding patients with Modic 
lesions
Abnormal signals in the axial spine detected by MRI can 
be non-specific and mimicked by Modic Type 1 lesions 
(Type I). After review of all MRI axial spine images, forty 
patients with Modic lesions were identified. Univariate 

Table 2.  Multivariate linear regression of factors associated with BASFI and BASMI.

 

BASFI BASMI

Regression coefficient (95% CI) p-value Regression coefficient (95% CI) p-value

Age 0.04 (0.02–0.06) <0.01 0.04 (0.02–0.06) <0.01

Back pain duration Not included — -0.02 (-0.04–0.01) 0.15

HLA B27 positivity Not included — 0.02 (-0.55–0.60) 0.94

ASDAS-CRP 2.09 (1.76–2.42) <0.01 0.50 (0.24–0.75) <0.01

mSASSS -0.01 (-0.025–0.013) 0.53 0.04 (0.02–0.05) <0.01

HLA = Human leucocyte antigen; ASDAS = Ankylosing Spondylitis Disease Activity Score; CRP = C-reactive protein; mSASSS = modified Stoke 
Ankylosing Spondylitis Spinal Score.
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and multivariate linear regression analysis was repeated 
after exclusion of these patients. The association between 
age with the DWI(ADC) of the spine (B = 0.009, p = 
0.04) remained. 

DISCUSSION
To the best of our knowledge, we are the first to report 
on the association between age and radiological activity 
using MRI and describe a largest cohort of DWI 
sequence MRIs in SpA.

At present, we believe that there are at least three 
facets to imaging for SpA – 1) Conventional radiographs 
(e.g. mSASSS), to assess structural damage; 2) Structural 
MRI (e.g. STIR sequence), to assess the extent of 
inflammation, and 3) Functional MRI (e.g. DWI and 
ADC values), to assess the intensity of inflammation. By 
using all these modalities of imaging, we demonstrate 
that increasing age is clinically associated with a 
greater degree of functional impairment and structural 

damage, greater inflammation of the axial spine, but less 
inflammation of the SI joints. 

In this study, we utilized both subjective (BASFI) 
and objective (BASMI) functional scores for a more 
comprehensive assessment. The BASFI is one of the 
most convenient and popular scores for SpA, which 
offers good discriminative value with a reflection 
of the patients’ subjective perspectives. The BASMI 
complements this by offering a standardized and 
objective measure of mobility of the axial skeleton. We 
found that increasing age was independently associated 
with both higher BASFI and BASMI scores. This 
greater functional impairment was likely due to more 
cumulative structural damage and concomitant age-
related degenerative spinal diseases in older patients. 
This also accounts for the independent association 
found between the mSASSS with BASMI score. 

Conventional radiographs are still considered the 
“gold standard” for detecting structural changes in 
SpA and the mSASSS has long been considered the 
preferred scoring method out of a variety of different 
scoring systems [18]. Increasing age and male sex were 
both significantly associated with mSASSS, which 
is consistent with the well-known observation that 
males often have a poorer prognosis and more severe 
radiographic changes. However, changes in mSASSS 
mainly rely on the development of new syndesmophytes 
and ankyloses, and has been criticized for its low 
sensitivity [19,20]. 

Since the advent of MRI, pre-radiographic 
inflammatory changes can now be visualized by either 
T1-weighted post-gadolinium or STIR sequence MRI, 
with STIR having the advantages of being faster and 
not requiring contrast administration [21]. We utilized 

Table 4.  Multivariate linear regression of factors associated with SPARCC MRI Index of SI joints and 
DWI(ADC) of the SI joints and spine.

 

SPARCC SI joints DWI(ADC) SI joints DWI(ADC) of spine

Regression coefficient  
(95% CI)

p-value Regression coefficient  
(95% CI)

p-value Regression coefficient  
(95% CI)

p-value

Age -0.12 (-0.30–0.05) 0.16 -0.01 (-0.02–0.00) <0.01 0.01 (0.00–0.02) 0.01

Back pain duration -0.13 (-0.33–0.07) 0.20 Not included — Not included —

Male 2.81 (-1.21–6.83) 0.17 Not included — Not included —

HLA B27 positivity Not included — 0.13 (-0.10–0.37) 0.27 Not included —

HLA = Human leucocyte antigen.

Table 3.  Multivariate linear regression of factors 
associated with mSASSS. 

 

mSASSS

Regression coefficient (95% CI) p-value

Age 0.41 (0.16–0.67) <0.01

Back pain duration 0.34 (0.04–0.64) 0.03

Male 6.97 (1.06–12.88) 0.02

Smoking 4.61 (-2.03–11.24) 0.17

ASDAS-CRP 2.96 (-0.27–6.19) 0.07

ASDAS = Ankylosing Spondylitis Disease Activity Score; CRP = C-reactive 
protein.
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the SPARCC MRI Index to measure the extent of 
inflammation which has known excellent inter-observer 
reliability and sensitivity to interval changes [14,15]. 
Although a weighting for depth and intensity of bone 
marrow edema is included in the SPARCC MRI Index, 
it is often difficult to precisely quantify the intensity of 
inflammation solely on STIR images. On the contrary, 
DWI has been well established as an effective method 
in evaluating the degree of active inflammation in 
many disease states and has the additional advantage of 
being able to quantify diffusion coefficients with ADC 
measurements [2,22]. We agree with several authors that 
using DWI with ADC values may complement STIR 
images and even outperform STIR images in patients 
with SpA [2,3,23-28]. Therefore, in addition to the 
SPARCC MRI Index, we also performed DWI(ADC) 
for the SI joints and axial spine to quantify and compare 
the degree of inflammation in our cohort.

Furthermore, degenerative changes of the spine 
become more common in older patients and may interfere 
with MRI interpretation [29]. Differential diagnosis 
for abnormal signals may include other pathologies 
associated with fluid accumulation in bone marrow, most 
commonly type I Modic lesions [16]. Other conditions 
such as tumours, infection, trauma etc., are relatively 
uncommon. Although Dallaudière et al. [25] reported 
that ADC values may be able to discriminate between 
axial inflammatory lesions and type 1 Modic lesions, we 
performed additional subgroup analysis to exclude all 
films with Modic lesions to further confirm our findings. 

Increasing age was found to be inversely associated 
with DWI(ADC) of the SI joints, but positively associated 
with the DWI(ADC) of the axial spine. The association 
between increasing age the DWI(ADC) of the spine 
remained significant even after excluding those patients 
with Modic lesions in subgroup analysis. However, no 
association was found with the SPARCC MRI Index of 
the axial spine. This reflects the complementary value 
of DWI(ADC) to STIR images which can quantify 
the intensity of inflammation and discriminate active 
disease from degenerative changes. This finding is 
consistent with another MRI study conducted by our 
group, comparing the performance of STIR with DWI 
in the assessment of SpA patients [8].

Overall, we consider our findings to be consistent 
with the characteristic and oft believed “ascending” 
inflammation in SpA: with younger patients experiencing 
more active inflammation in the SI joints, whereas the 
disease in older patients has “ascended” to involve more 

of the axial spine instead. The aetiology of this progressive 
inflammation is still unknown. In a study of AS patients, 
Brophy et al. similarly found the disease beginning in 
the SI joints with progression up the spine [30]. They 
also report on a constant and linearly progressive disease 
course with an approximate 35% change on radiographs 
every ten years, with changes still occurring after 20 years 
of disease. Furthermore, contrary to traditional belief, 
our study also confirms that SpA seldom “burns out” 
and late-onset disease is not rare [31,32], highlighting 
the importance of continuous disease assessment and 
monitoring even in older patients. 

There are several limitations to our study. First, no 
objective gold standard currently exists for the use of 
DWI and ADC values in the diagnosis and assessment of 
SpA. However, many other reports have also found DWI 
and ADC values to correlate well with disease activity in 
SpA [2,3,23-27], although reports on the use of DWI on 
assessing axial involvement are scarce. Further studies 
and international collaborations would be required to 
standardize the use of different MRI modalities (such 
as DWI and ADC values) in the management of SpA.

Another shortcoming of our study is the cross-
sectional design. It would be preferable to have a 
prospective follow-up of the same cohort of patients to 
analyze changes in their clinical and radiological disease 
activity with age. We have been performing reassessment 
imaging in this cohort and this follow-up study is 
currently in progress. In addition, we are currently 
studying the effects of biologic therapies on SpA with 
serial clinical and MRI assessments for these patients. 

In conclusion, by using various modalities of 
radiography and MRI, this study shows that increasing 
age in SpA is associated with more functional impairment 
and structural damage, greater inflammation of the 
axial spine, but less inflammation of the SI joints. This 
is consistent with the traditional belief of SpA being an 
“ascending disease” and highlights the importance of 
using different MRI modalities in SpA.
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