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ABSTRACT
Objectives To describe the evolution of radiographic
abnormalities of the spine in patients with ankylosing
spondylitis (AS).
Methods Patients with AS were followed prospectively
with 2 yearly radiographs for 12 years. The modified
Stoke Ankylosing Spondylitis Spine Score (mSASSS)
was scored by two readers (R1 and R2). New
syndesmophytes at uninvolved vertebral corners were
computed. Radiographic progression was investigated
using generalised estimating equations.
Results 809 radiographs (presenting 520 at 2 yearly
intervals) from 186 patients (70% men, mean age 43
(SD 12) years, mean 20 (SD 12) years since symptom
onset and 83% HLA-B27 positive) were included. Mean
mSASSS at baseline was 11.6 (16.2). While the course
of progression in individual patients was highly variable,
and still occurred in patients with decades of symptom
duration, mean 2 year progression was 2.0 (3.5)
mSASSS units. Over the entire follow-up, at least one
new syndesmophyte was found in 55% (R1) and 63%
(R2) of patients (38% (R1) and 39% (R2) of all
intervals). In 24% of patients (39% of intervals), there
was no progression. A progression ≥5 mSASSS units
occurred in 22% of patients (or in 12% of intervals).
At the group level, a linear time course model fitted the
data best, with a constant rate over the entire 12 year
interval of 0.98 mSASSS units/year. Radiographic
progression occurred significantly faster in men, in HLA-
B27 positive patients and in patients with a baseline
mSASSS≥10.
Conclusions Long term radiographic progression in AS
is highly variable in the individual patient, more severe
in HLA-B27 positive men and still occurs after decades
of disease. At the group level, however, progression in
AS follows an approximately linear course.

INTRODUCTION
Axial spondyloarthritis (axSpA), which includes
both non-radiographic axSpA and ankylosing spon-
dylitis (AS), is a chronic inflammatory rheumatic
disease that primarily affects the axial skeletal.
Likely as a consequence of inflammation, structural
damage, mainly characterised by the development
of syndesmophytes, may arise over time, which
may lead to ankylosis of the spine. It is generally
assumed that the disease process is most active in
the early phases of the disease and that it becomes
quiescent over time.

Radiographic damage is one of the core out-
comes recommended by the Assessment of
SpondyloArthritis international Society (ASAS) for
follow-up of patients with axSpA.1 ASAS recom-
mends routine radiography of the lateral cervical
and lumbar spine for assessing damage over time in
which a 2 year interval is the shortest period
defined for reliable assessment of progression.2 3

Syndesmophyte formation in axSpA is not easily
retarded by treatment: biological agents have failed
to show retardation in structural damage progres-
sion4–6 and only non-steroidal anti-inflammatory
drugs (NSAIDs) have an inhibitory effect, especially
in patients with elevated C reactive protein
(CRP).7–9 This emphasises the importance of
gaining further insight into radiographic progres-
sion, in particular about how it naturally evolves
during the course of the disease. Radiographic pro-
gression has been assessed in a few short-term
studies (2 years10 11 or 4 years12 13). One study
with a duration of 8 years had a retrospective
design and only included hospitalised patients.14

The aim of the present prospective study was to
further investigate the evolution of radiographic
abnormalities in patients with AS during 12 years
of follow-up. The course of radiographic progres-
sion over time was investigated by longitudinal
modelling of time, taking into account factors that
may significantly modify the course of progression.

METHODS
Study population
The study included patients from the Outcome in
Ankylosis Spondylitis International Study (OASIS),
a prevalence cohort including 217 consecutive
patients with AS from The Netherlands, Belgium
and France that began in 1996.15 Clinical data
were collected every 6 months until year 2, then
yearly until year 4 and thereafter biannually.
Cervical and lumbar spine radiographs were taken
biannually over 12 years, with a total of seven pos-
sible time points per patient. For the present study,
patients were included if they had at least two sub-
sequent time points with an available radiographic
damage score so that radiographic progression
could be evaluated. All patients gave informed
consent to be included in the study.

Scoring methods
Radiographs were scored using the modified Stoke
Ankylosing Spondylitis Spine Score (mSASSS).16
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According to this method, the anterior vertebral corners (VCs)
of the cervical (lower border of C2 to upper border of T1) and
lumbar (lower border of T12 to upper border of S1) segments
(total of 24 VCs) are scored in the lateral view only for the pres-
ence of erosion and/or sclerosis and/or squaring (1 point), syn-
desmophyte (2 points) and bridging syndesmophyte (3 points).
Total score per patient ranges from 0 to 72.16

Two trained experts (SR and CS) independently scored the
radiographs, blinded to the demographic and clinical data but
with known chronology as this is the most sensitive method17

All of the available films per patient were scored at the same
time but by both readers separately.

Only scores of radiographs with ≤3 missing VCs per segment
(either cervical or lumbar) were used. Individual missing VCs
were imputed (see online supplementary text section 1).
Reliability between the two readers (R1 and R2) was explored
using Bland and Altman analysis18 on the progression intervals
of mSASSS. An independent adjudicator (AvT) scored all of the
radiographs from patients with at least one score beyond the
95% level of agreement. Averaged scores per VC of the two
primary readers were used and, in case of adjudication, the
score of the primary reader closest to the adjudicator.

Radiographic abnormalities
Status scores (the score at each of the available time points) and
progression scores (the difference between the status scores of
two time points) were calculated. Two year progression scores
refer to the progression occurring within 2 years— that is, status
score of one time point minus the status score of the immedi-
ately previous time point. Twelve year progression score was
computed as the score at year 12 minus the score at baseline.
Progression scores were calculated for all patients included in
the study and also for those who had an mSASSS at 12 years
(’12 year completers’) in order to trace eventual bias due to loss
of follow-up. The contribution (in per cent) of each of the seg-
ments (cervical and lumbar) to the 2 year total mSASSS progres-
sion was compared with the expected contribution, assuming a
balanced distribution (ie, 50% in each of the segments). In
order to better understand the magnitude of the progression of
damage, the available 2 year progression scores were classified
in categories of progression: 0; >0 and <1; ≥1; ≥2; ≥1 and
<3; ≥3; ≥3 and <5; and ≥5 mSASSS units.

At a reader level, the proportion of 2 year intervals with a
given number of new syndesmophytes was calculated, both for
all patients and for the ’12 year completers’, and for uninvolved
VCs (without a previous syndesmophyte or bridge). The pro-
portion of patients in whom at least one new syndesmophyte
was identified during follow-up was also estimated.

For further details on data collection, see online supplemen-
tary text section 2.

Statistical analysis
Interobserver reliability was assessed by Bland and Altman
plots18 and by smallest detectable change (SDC) for 2 year
progression scores. SDC, based on 95% limits of agreement,
is the smallest change that can be detected in an individual
beyond measurement error and was calculated as follows19:
SDC ¼ (1:96� SDdiff)=ð

ffiffiffi

k
p

� ffiffiffi

2
p Þ) where SDdiff is the SD of

the set of differences in change scores obtained by the readers;
k is the number of readers (here two).

Radiographic progression over time was investigated using
generalised estimating equations (GEE). This is a technique for
longitudinal analysis which makes use of all available longitu-
dinal data, allows unequal numbers of repeated measurements

and has some robustness against deviation from normality.20 21

GEE corrects for the within subject correlation and for this it
requires an a priori defined ‘working’ correlation structure. In
this study, the ‘exchangeable’ correlation structure was appropri-
ate because the correlations of the outcome at different time
points were approximately equal (Spearman correlation coeffi-
cients between 0.80 and 0.97). Time was modelled in linear and
non-linear (quadratic, cubic, logarithmic, exponential or square
root) modes and the best fit was determined using the lowest
quasi-likelihood information criterion. Relevant two-, three- and
four-way interactions between clinical and demographic charac-
teristics of the patients with time were explored, and if a rele-
vant interaction (p<0.1) was found, progression over time was
assessed in the subgroups after stratification. Interactions were
tested with HLA-B27 status, gender, symptom duration, baseline
mSASSS, NSAID intake (dichotomous variable and ASAS
NSAID index22) and exposure to tumour necrosis α inhibitors
(TNFi) during follow-up. An interaction between time and a
dichotomous variable reflecting the first and second 6 years of
follow-up was also tested in order to assess whether the progres-
sion rate changed over time. Because the dependent variable
was mSASSS and the independent variable time, the regression
coefficient obtained reflects the progression of mSASSS per year.
Stata SE V.12 was used (Statacorp, College Station, Texas, USA).

RESULTS
In total, 186 patients in whom paired x-rays were available were
included in the study, with the following baseline characteristics:
70% men; 83% HLA-B27 positive; mean age 43 (SD 12) years;
mean time since symptom onset 20 (SD 12) years; mean disease
duration 11 (SD 9) years; Bath AS Disease Activity Index 3.4
(2.0); and CRP 17 (23) mg/L (47% had an elevated CRP).
At baseline, 68% of patients were exposed to NSAIDs and none
to TNFi. Throughout follow-up, 95% of patients were at some
time exposed to NSAIDs and 22% to TNFi (but before year 8
of follow up, this proportion was 5%).

Duration of follow-up was, on average, 7.9 (4.0) years per
patient (range 2–12 years). A total of 809 radiographs (386
radiographs for the 68 ’12 year completers’) were obtained in
which mSASSS could be determined (4.2 (1.7) radiographs per
patient (range 2–7)).

Interobserver reliability was ‘good’ (see online supplementary
figure S1). SDC measured across all progression intervals
was 2.9.

Progression in mSASSS
Mean (SD) mSASSS at baseline was 11.6 (16.2) (11.2 (15.7) in
the ‘12 year completers’). At baseline, 47% (R1) and 58% (R2)
of patients had at least one syndesmophyte present: 9% (R1)
and 48% (R2) had a score of 1 in at least one VC.

Mean mSASSS progressed gradually, from 11.6 (16.1) at base-
line (n=184) to a mean value of 24.5 (21.7) at 12 years (n=68).
The mean 2 year progression rate (in 520 intervals) was 2.0
(3.5) (2.2 (3.9) for the ’12 year completers’). The mean 2 year
progression in the cervical segment was 1.2 (2.2) and mean pro-
gression in the lumbar segment was 0.8 (2.0). Progression was
significantly higher in the cervical segment (accounting for 66%
of progression) than in the lumbar segment (33%) (p=0.022)
(table 1). Progression in the cervical segment was not higher in
patients with psoriasis (data not shown). In the ‘12 year comple-
ters’, mean progression was 11.7 (11.5) (n=64).

Over the entire follow-up period, in 24% of patients and in
18% of the ‘12 year completers’ (and in 39% of the 2 year
intervals) there was no progression in mSASSS. Progression ≥1

Clinical and epidemiological research

Ramiro S, et al. Ann Rheum Dis 2015;74:52–59. doi:10.1136/annrheumdis-2013-204055 53

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2013-204055 on 16 A

ugust 2013. D
ow

nloaded from
 

http://ard.bmj.com/


mSASSS unit occurred in 72% of patients (and in 54% of the 2
year intervals) and progression ≥5 mSASSS units in 22% of
patients (and in 12% of the 2 year intervals) (table 2). When
taking only the first 2 year interval into consideration, 46% of
patients did not show any mSASSS progression, 48% showed
progression ≥2 units and 25% showed progression ≥5 units.

Development of new syndesmophytes
A new syndesmophyte developed in 38% of all 2 year intervals
according to R1 and in 39% according to R2 in previously
uninvolved VCs. Throughout follow-up, 55% (R1) and 63%
(R2) of patients developed at least one syndesmophyte in previ-
ously uninvolved VCs (table 3). For the ‘12 year completers’,
similar results were obtained for the proportion of 2 year inter-
vals with a new syndesmophyte, and in total 69% (R1) and
74% (R2) of patients developed at least one syndesmophyte
over the 12 years. Taking the first 2 year interval into consider-
ation, 29% (R1) and 33% (R2) of patients developed at least
one new syndesmophyte.

Radiographic progression over time
At the individual patient level, radiographic progression was
highly variable. In figure 1, mSASSS is plotted as a function of
follow-up time (figure 1A) and as a function of symptom dur-
ation (figure 1B). Variable progression rates are seen within and
across patients, independent of follow-up time and symptom
duration (and age—see online supplementary figure S2). This
cohort included patients with very short symptom duration as
well as patients with more than 40 years of symptom duration.
This visual analysis shows that radiographic progression is not
only seen in young patients with early disease but also in
patients with longstanding disease.

At the group level, however, a linear time function fitted the
observed data best (figure 2). Time was positively associated
with radiographic damage, at a rate of 0.98 mSASSS units/year.
Radiographic progression occurred significantly faster in men
than in women (1.11 vs 0.69 mSASSS units/year), in HLA-B27
positive than in HLA-B27 negative patients (1.03 vs 0.70
mSASSS units/year) and in patients with a baseline mSASSS≥10
(which was the median value) compared with those with a base-
line mSASSS<10 (1.44 vs 0.69 mSASSS units/year). HLA-B27
positive men (but not women) had a significantly higher pro-
gression than HLA-B27 negative men (1.18 vs 0.69 mSASSS
units/year) (interaction of HLA-B27, gender and time: p=0.17).

HLA-B27 positive men with a baseline mSASSS≥10 had a
higher progression than HLA-B27 negative men with a baseline
mSASSS<10 (1.56 vs 0.75 mSASSS units/year) (interactions
p<0.04). This effect was not found in women. Progression
occurred fully independently of disease and symptom duration
(table 4). This table also shows that subgroups of women or
HLA-B27 negative patients were small, as usually seen in AS
cohorts.

Progression was higher in patients that were ever exposed to
TNFi compared with those who were not (1.54 vs
0.82 mSASSS units/year; interaction p=0.041).

Progression was independent of treatment with NSAIDs
during follow-up, spondyloarthritis related manifestations (psor-
iasis, inflammatory bowel disease and uveitis) and the presence
of a positive spondyloarthritis family history. Progression was
not different between the first and the second 6 years of
follow-up.
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DISCUSSION
The present study, performed in a prevalence cohort of patients
with AS, showed that long term radiographic progression in AS
is more severe in HLA-B27 positive men, and—as expected—in
patients with a higher level of radiographic damage present at
baseline. Not less than 60% of all patients developed at least
one new syndesmophyte over a period of up to 12 years.

Radiographic progression follows an approximately linear
course at the group level, with a remarkably stable progression
rate of approximately 1 mSASSS unit per year when modelled
by GEE. More progression was found in the cervical than in the
lumbar spine, which is in line with what has been previously
reported in an analysis of OASIS with limited follow-up.23

The remarkably stable group progression of 1 mSASSS unit
per year in AS covers up a highly variable—and to a large
extent unpredictable—course of progression of radiographic
damage in individual patients. Approximately 25% of patients
showed no progression, 25% showed a high level of progression
(arbitrarily defined as at least one 2 year interval with progres-
sion ≥5 mSASSS units) and the remaining patients showed pro-
gression rates of about 2 units/2 years. But more importantly,
simple visualisation of individual progression curves plotted
against duration of symptoms revealed that periods of steep pro-
gression and relative quiescence may alternate, and this process
of oscillation may occur both in ‘early AS patients’ as well as in
‘advanced’ patients with ages greatly more than over 60 years.

Table 3 Development of new syndesmophytes over time

No of new syndesmophytes

All intervals with at least 1
uninvolved VC* (n (%))
(n=468)

All intervals with at least 1
uninvolved VC* in ‘12 year
completers’† (n (%)) (n=240)

First 2 year interval (Y0–Y2)
with at least 1 uninvolved
VC* (n (%)) (n=153)

Reader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2

0 292 (62) 286 (61) 141 (59) 141 (59) 109 (71) 102 (67)
1 75 (16) 95 (20) 48 (20) 48 (20) 16 (10) 23 (15)
2 56 (12) 52 (11) 25 (10) 28 (12) 19 (12) 18 (12)
3 23 (5) 15 (3) 12 (5) 9 (4) 4 (3) 5 (3)
4 10 (2) 9 (2) 5 (2) 6 (3) 2(1) 2 (1)
5 4 (1) 4 (1) 2 (1) 2 (1) 2 (1) 2 (1)
6 2 (0) 2 (0) 2 (1) 1 (0) 0 (0) 0 (0)
7 1 (0) 2 (0) 1 (0) 2 (1) 0 (0) 0 (0)
8 3 (1) 2 (0) 2 (1) 2 (1) 0 (0) 0 (0)
12 0 (0) 1 (0) 0 (0) 1 (0) 0 (0) 1 (1)
13 1 (0) 0 (0) 1 (0) 0 (0) 1 (1) 0 (0)
14 1 (0) 0 (0) 1 (0) 0 (0) 0 (0) 0 (0)

All patients with at least
1 uninvolved VC (n (%))
(n=173)

All patients with at least
1 uninvolved VC and with
mSASSS available at Y12
(n (%) (n=62)

First 2 year interval (Y0–Y2)
with at least 1 uninvolved
VC* (n (%)) (n=153)

Reader 1 Reader 2 Reader 1 Reader 1 Reader 1 Reader 2

No of patients with new syndesmophytes 96 (55) 109 (63) 43 (69) 46 (74) 44 (29) 51 (33)

*Uninvolved VC is a VC without a previous syndesmophyte or bridge, at risk for developing a new syndesmophyte, according to both readers.
†Patients with mSASSS at year 12 available.
mSASSS, modified Stoke Ankylosing Spondylitis Spine Score; VC, vertebral corner.

Table 2 Progression of radiographic damage over time

Progression*

No of intervals out of
all 2 year intervals
(n (%)) (n=520)

No of patients during
all 2 year intervals
(maximum progression)†
(n (%)) (n=186)

No of patients from the
‘12 year completers’ during
all 2 year intervals
(maximum progression)†
(n (%)) (n=68)

No of patients during
the first 2 year
interval (Y0–Y2)
(n (%)) (n=164)

0 mSASSS units 204 (39) 45 (24) 12 (18) 75 (46)
>0 and <1 mSASSS units‡ 0 (0) 8 (4) 1 (1) 11 (7)
≥1 mSASSS unit 282 (54) 133 (72) 54 (79) 78 (48)
≥2 mSASSS units (mean progression)§ 152 (29) 86 (46) 39 (57) 36 (22)
≥1 and <3 mSASSS units 161 (31) 60 (32) 21 (31) 20 (12)
≥3 mSASSS units 121 (23) 73 (39) 33 (49) 42 (26)
≥3 and <5 mSASSS units 58 (11) 32 (17) 12 (18) 16 (10)
≥5 mSASSS units 63 (12) 41 (22) 21 (31) 41 (25)

*Categories of progression are not mutually exclusive.
†Number and proportion of patients whose maximum 2 year progression score, during follow-up (up to 12 years), met the criterion of each of the rows.
‡This category of progression existed because of imputations, which made some status scores, and hence progression scores, have decimal values.
§Mean progression taking all 2 year intervals into account.
mSASSS, modified Stoke Ankylosing Spondylitis Spine Score.
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Likely the most important observation of this longitudinal study
is that radiographic progression is entirely independent of
disease or symptom duration. This observation has implications
for clinical practice where a vested opinion says that AS may
extinguish over time (which is now demonstrably false), as well
as for the necessity of intervening with radiographic progres-
sion: 40 years with continuous slow progression or intervals
with accelerated progression will sooner or later lead to a situ-
ation with clinically important radiographic damage.24

We have shown previously that mean progression in OASIS
was 1 unit per 2 years while in the current analyses we found a
mean progression of 1 unit per year. This at first contradictory
result can be fully explained by the difference in reading with
blinded time points in the previous analyses and known time
points in the current analysis. We have described this effect of
(un)blinding time order in a separate paper comparing 2 year
progression scores in OASIS.17 However, the progression rate
reported in this study (2 mSASSS units every 2 years) is in line

with what has been previously reported in other studies. There
are reports of 2 year mSASSS progression scores of approxi-
mately 1 mSASSS unit,4–6 11 1.5 units,25 2.5 units12 and
2.6 units (extrapolation to a 2 year period of the annual pro-
gression rate of 1.3)14 whereas for the same interval (first 2 year
interval) we found a progression rate of 1.8 units. The differ-
ences between the scores can be attributed to differences in
selection of patients, baseline radiographic damage, reading con-
ditions17 or method of imputation of missing VCs. Another
study described radiographic damage over time, but only in
20 patients, using the Bath AS Radiology Index,26 and thus not
allowing a formal comparison.27 Furthermore, the mSASSS has
been shown to be the most appropriate measure to assess radio-
graphic damage in patients with AS and thus our selection.13 28

The proportion of patients developing new syndesmophytes
over time has not been reported in many studies. Poddubnyy
et al reported 11% of patients with AS with at least one new
syndesmophyte and Baraliakos et al reported 19% of patients,

Figure 1 Radiographic progression at
the patient level. (A) Modified Stoke
Ankylosing Spondylitis Spine Score
(mSASSS) per patient, plotted as a
function of follow-up time. (B) mSASSS
plotted as a function of duration since
symptom onset.
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Table 4 Modelling of radiographic progression over time

Univariable regression
analysis* β (95% CI) p Value† N‡

Time (years) 0.98 (0.84 to 1.12) 202
Time×HLAB27 0.052 195
Progression rate if HLAB27 negative 0.70 (0.48 to 0.90) 31
Progression rate if HLAB27 positive 1.03 (0.88 to 1.19) 164

Time×gender 0.005 202
Progression rate in women 0.69 (0.57 to 0.80) 58
Progression rate in men 1.11 (0.93 to 1.29) 144

Time×HLAB27 in women 0.958 56
Time×HLAB27 in men 0.044 139
Progression rate in men HLAB27 negative 0.69 (0.34 to 1.03) 19
Progression rate in men HLAB27 positive 1.18 (0.98 to 1.38) 120

Time×baseline mSASSS <0.001 183
Progression rate in baseline mSASSS <10 0.69 (0.63 to 0.75) 124
Progression rate in baseline mSASSS ≥10 1.44 (1.18 to 1.70) 59

Time×baseline mSASSS in women <0.001 55
Progression rate in women with baseline mSASSS <10 0.49 (0.42 to 0.56) 44
Progression rate in women with baseline mSASSS ≥10 1.41 (0.97 to 1.85) 11

Time×baseline mSASSS in men <0.001 128
Progression rate in men with baseline mSASSS <10 0.81 (0.73 to 0.90) 80
Progression rate in men with baseline mSASSS ≥10 1.45 (1.16 to 1.74) 48

Time×baseline mSASSS in HLAB27 negative 0.013 28
Progression rate in HLA-B27 negative with baseline mSASSS <10 0.75 (0.63 to 0.86) 22
Progression rate in HLA-B27 negative with baseline mSASSS ≥10 0.54 (−0.20 to 1.28) 6

Time×baseline mSASSS in HLAB27 positive <0.001 149
Progression rate in HLA-B27 positive with baseline mSASSS <10 0.68 (0.61 to 0.75) 99
Progression rate in HLA-B27 positive with baseline mSASSS ≥10 1.54 (1.27 to 1.81) 50

Time×baseline mSASSS in men HLAB27 negative 0.011 17
Progression rate in HLA-B27 negative men with baseline mSASSS <10 0.80 (0.63 to 0.98) 12
Progression rate in HLA-B27 negative men with baseline mSASSS ≥10 0.45 (−0.40 to 1.29) 5

Time×baseline mSASSS in men HLAB27 positive <0.001 107
Progression rate in HLA-B27 positive men with baseline mSASSS <10 0.82 (0.72 to 0.92) 67
Progression rate in HLA-B27 positive men with baseline mSASSS ≥10 1.56 (1.25 to 1.87) 40

Time×disease duration 0.701
Time×symptom duration 0.214

*Because the dependent variable was the mSASSS and the independent variable was time, the regression coefficient obtained reflects the progression of mSASSS per year.
†p values are only shown for the interactions between time and other variables. In the presence of a significant interaction, results are stratified, and the progression in each of the
subgroups presented by the regression coefficient.
‡All patients with an mSASSS evaluable at each time point independently of the availability of a 2 year progression score were included in the models.
mSASSS, modified Stoke Ankylosing Spondylitis Spine Score.

Figure 2 Radiographic progression
at the group level. mSASSS, modified
Stoke Ankylosing Spondylitis Spine
Score.
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both within a 2 year period. In our study, we found 29–33%
(according to each of the readers) of patients with at least one
new syndesmophyte over the same period. These differences
can also be explained by the varying presence of baseline syn-
desmophytes, in all studies the strongest variable to be asso-
ciated with further progression of damage.11 12 14

The long term follow-up of our study allows us to conclude
that 60% of all patients develop at least one new syndesmo-
phyte over up to 12 years, implying that syndesmophytes will
occur in the vast majority of patients and not only in those with
severe radiographic progression.

This study is unique in that it addresses the long term ‘natural’
course of radiographic progression. The vast majority of OASIS
patients has never been exposed to TNFi. Remarkably, in those
that have been exposed to TNFi, we found a higher progression
rate than in patients that had never been exposed. Likely this is
‘confounding by indication’: the TNFi exposed patients would
be those with more active disease and subsequently higher pro-
gression rates. Interestingly, NSAID use, which has been asso-
ciated with impaired progression,7 8 did not have any impact on
radiographic progression over time.

Some limitations of the present study should be addressed.
Over the 12 years, almost two-thirds of the patients were lost to
follow-up, and selection bias cannot be ruled out. We have pre-
sented our results for all patients as well as for the ’12 year com-
pleters’ and we have found them to be concordant in every
analysis, thus making it unlikely that non-random attrition influ-
enced our observations. OASIS is a prevalence cohort that,
despite having a good representation of the spectrum of AS and
of patients of varying ages, includes mainly patients with estab-
lished AS with a relatively high level of baseline damage.
Therefore, these results may not be generalisable to patients
with short symptom duration. Further, women and HLA-B27
negative patients (especially in combination) do not occur in
high numbers in AS cohorts, and estimates of radiographic pro-
gression in these subgroups are therefore rather unstable.

Although interobserver reliability of the mSASSS was good,
agreement for the individual VC scores between readers at a given
time point was worse, mainly because of the long follow-up.
However, in most of those cases, readers scored the same new syn-
desmophytes but at different time points, which is not necessarily
the same as non-agreement: if a reader observes the subtle appear-
ance of a new syndesmophyte in a time series of x-rays, he has to
decide at which time point that syndesmophyte will first be scored
as positive. This methodological phenomenon has precluded an
analysis of new syndesmophytes agreed upon by both readers at
the same time point. Such an approach would artificially and sub-
stantially reduce the number of new syndesmophytes over time.

In summary, over a follow-up period of up to 12 years, pro-
gression of structural damage in AS patients is largely unpredict-
able, often alternating with periods of acceleration and
quiescence, and may occur in early as well as in very advanced
patients with AS at older ages. About 60% of all patients devel-
oped at least one new syndesmophyte over a period of up to
12 years. Radiographic progression may be underestimated if the
data are presented at the group level, as a linear average rate of 1
mSASSS unit per year. In HLA-B27 positive men in particular
and in patients with a higher level of damage already present,
physicians should be alert to future radiographic progression.
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Correction

Ramiro S, Stolwijk C, van Tubergen A, et al. Evolution of radiographic damage in ankylosing
spondylitis: a 12 year prospective follow-up of the OASIS study. Ann Rheum Dis
2015;74:52–9. In the last column of table 2 the figures are correct, but they have inadvert-
ently been changed between rows. Consequently, the last sentence of the second section of
the results (entitled ‘Progression in mSASSS’) should be adjusted to: ‘When taking only
the first 2 year interval into consideration, 46% of patients did not show any mSASSS
progression, 25% showed progression ≥2 units and 12% showed progression ≥5 units.’
The corrected table 2 is given below.

Ann Rheum Dis 2015;74:1482. doi:10.1136/annrheumdis-2013-204055corr1

Table 2 Progression of radiographic damage over time

Progression§

Number of intervals
out of all 2-year
intervals

Number of patients during all
2-year intervals (maximum
progression)*

Number of patients from the ‘12-year
completers’ during all 2-year intervals
(maximum progression)*

Number of patients during
the first 2-year interval
(Y0–Y2) (n (%))

(n (%)) (N=520) (n (%)) (N=186) (n (%)) (N=68) (N=164)

0 mSASSS-units 204 (39) 45 (24) 12 (18) 75 (46)
>0 & <1
mSASSS-units**

0 (0) 8 (4) 1 (1) 11 (7)

≥1 mSASSS-unit 282 (54) 133 (72) 54 (79) 78 (48)
≥2 mSASSS-units
(mean progression)¥

152 (29) 86 (46) 39 (57) 41 (25)

≥1 & <3 mSASSS-units 161 (31) 60 (32) 21 (31) 42 (26)
≥3 mSASSS-units 121 (23) 73 (39) 33 (49) 36 (22)
≥3 & <5 mSASSS-units 58 (11) 32 (17) 12 (18) 16 (10)
≥5 mSASSS-units 63 (12) 41 (22) 21 (31) 20 (12)

mSASSS – modified Stoke Ankylosing Spondylitis Spine Score.
§Categories of progression are not mutually exclusive.
*Number and proportion of patients, whose maximum 2-year progression score, during follow-up (up to 12 years), met the criterion of each of the rows.
**This category of progression existed because of imputations, which made some status scores and hence progression scores have decimal values.
¥Mean progression taking all 2-year intervals into account.
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ONLINE SUPPLEMENTARY TEXT SECTION 1 

Individual missing VCs were imputed using an adaptation algorithm:  First, a missing value for a 

VC was replaced with the value of the previous observation. Second, the mean spinal 

segment’s progression score (either cervical or lumbar) per patient was calculated. This 

segmental progression score was added to the imputed value. It was assured that the score 

achieved per VC could never exceed a score of 3. Similarly, in case of a score missing in a 

patient with a score of 0 in the same VC at a subsequent time point, the score of 0 for the 

previous time point(s) was assumed. If the baseline score of a VC was missing, the same 

procedure was applied, subtracting the mean segment progression from the score of year 2 for 

a particular patient. If a value of this VC was also missing at year 2, then the average of the 

other available VCs from this spinal segment at baseline was used to replace the missing VC(s).  

 

ONLINE SUPPLEMENTARY TEXT SECTION 2 

For the present study, and besides the data on radiographic damage, we used socio-

demographic and clinical variables. These included information collected at baseline such as 

age, gender, symptom duration, HLA-B27 status and presence of family history of 

spondyloarthritis (SpA) or SpA related manifestations (uveitis, inflammatory bowel disease 

and/or psoriasis). Over the follow-up, information collected on treatment with non-steroidal 

anti-inflammatory drugs (NSAIDs) and with tumor necrosis alpha inhibitors (TNFi) was used. 

These were dichotomous variables (yes/no) reflecting treatment with each drug class at 

each visit. NSAID intake was also computed according to the NSAID index proposed by the 

ASAS (Assessment of SpondyloArthritis international Society), which takes into account 

the type of drug, dose and duration of treatment, varying from 0-100, where 100 means 

daily NSAID intake in full dose[1]. Because the score was not available at the start of the 

data collection, details of the NSAID therapy were retrospectively obtained from the 



2 

 

medical charts in order to enable its computation. The presence, according to the 

rheumatologist, of extra-articular manifestations (EAM), i.e. uveitis, psoriasis and 

inflammatory bowel disease, was also assessed at every visit. After a first diagnosis of any 

of these EAM, the patient was considered to have it, independently of whether it was or 

not active. 

 

 

Figure S1 - Bland and Altman plot: reliability of the mSASSS progression scores. 

Difference against mean for progression scores of the two readers. The SDC for the 

progression scores was 2.9. 

mSASSS, modified Stoke Ankylosing Spondylitis Spine Score; SDC, smallest detectable change 
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Figure S2 - Radiographic progression at the patient level, modified Stoke Ankylosing Spondylitis 

Spine Score (mSASSS) per patient plotted in function of age 
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