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Background: Structural changes such as erosions, syndesmophytes and ankylosis are characteristic of
ankylosing spondylitis (AS). These can be quantified by the modified Stokes Anklylosing Spondylitis Spinal
Score (mSASSS). It is unknown which radiographic feature is most relevant for the assessment of change and
the prediction of future damage in AS.
Objectives: To analyse radiographic progression in AS by using different assessments to define the most
important changes.
Methods: Spinal radiographs of 116 patients with AS were scored by the mSASSS at baseline (BL) and after
2 years. Radiographic progression was assessed by differentiating (1) any change; (2) progression to
syndesmophytes/ankylosis (definite change); and (3) changes exceeding the smallest detectable change
(SDC) as predefined. A growth angle of 45˚ was used to differentiate syndesmophytes from spondylophytes.
Results: Some radiographic progression after 2 years was detected in 42% of patients, novel syndesmophytes
in 31% of patients, and, using the SDC (calculated at 2 mSASSS units) as cut-off, progression was seen in
28% of patients. Thus, in 74% of the patients changes were because of syndesmophytes and/or ankylosis.
Using the predefined cut-off, only 12% of all syndesmophytes were spondylophytes. Patients with such
changes were of older age. Definite radiographic progression was found in 44% of the patients with
syndesmophytes/ankylosis at BL (n = 57) versus 19% (p = 0.03) of the patients without such changes (n = 59).
Conclusions: Syndesmophytes and ankylosis are the most relevant structural changes in AS, and also in the
mSASSS. Development of just one syndesmophyte within 2 years indicates progression of structural changes
in AS; this is relevant for clinical practice. Syndesmophytes are the best predictors of radiographic
progression.

A
nkylosing spondylitis (AS) is a common chronic inflam-
matory rheumatic disease that affects the axial skeleton
in young patients.1 AS starts in the sacroiliac joints and

spreads to the spine in most patients.2 New bone formation,
syndesmophytes and ankylosis of the vertebral column are
almost pathognomonic for AS.

Conventional x rays of the spine are considered the gold
standard for assessment of structural and chronic spinal
changes,3 4 whereas MRI techniques are more useful for
assessment of spinal inflammation.2 5 For reliable assessment
of progression in the spine of patients with AS, an observation
period of 2 years has been defined as the shortest possible
follow-up time.6

One major question in imaging studies is whether there is
radiographic progression in patients with AS; another question
is whether the scoring system is capable of detecting it and
which proportion of patients shows change.

Bruynesteyn et al7 have recently pointed out that in the
assessment of radiographic progression, simultaneous paired
reading of films is superior to reading in random order.
Therefore, the most appropriate statistical formula to assess the
error of paired readings, the smallest detectable change (SDC),
was proposed because of its higher sensitivity to changes7 as
compared with the frequently used smallest detectable differ-
ence (SDD), which has been used in other studies.8–10

There is a lack of valid prognostic parameters of radiographic
progression in patients with AS. In a preliminary study with a
small cohort, the presence of radiographic damage at baseline
was shown to predict future structural progression11 12—in this
case as defined by a higher modified Stokes AS Spine Score

(mSASSS13). The mSASSS has been identified as the best
scoring method14 for the evaluation of chronic changes of the
spine in patients with AS. One known disadvantage of the
mSASSS, which is true for all radiographic scoring systems in
AS currently available, is that the most commonly involved part
of the spine in AS, the thoracic spine, cannot be assessed
because of technical reasons.15 Thus, as this most commonly
affected spinal region is not included in x ray studies, a high
percentage of spinal lesions cannot be assessed in such
evaluations. This may lead to the relatively low sensitivity to
change, which is known from the mSASSS. Because the
assessment of radiographic progression is crucial for new16 and
old17 treatments of AS, the reliability of the scoring system is
important and critical to make sure that there is ‘‘true’’
structural progression and not measurement error owing to
the imaging technique or the scoring system.

Consequently we took advantage of the availability of recent
German AS cohorts including patients who were and were not
treated with tumour necrosis factor (TNF) blockers to evaluate
the radiographic progression in patients with AS by using the
mSASSS from different perspectives. First, we considered
which radiographic change would be most convincing for
assessment of radiographic deterioration. Therefore, we studied
the development to syndesmophytes and ankylosis as the
clinically most impressive indicator for progression of the
disease. Second, we considered how this radiographic sign

Abbreviations: AS, ankylosing spondylitis; mSASSS, modified Stokes
Ankylosing Spondylitis Spinal Score; SDC, smallest detectable change;
SDD, smallest detectable difference; TNF, tumour necrosis factor
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might contribute to the assessment of radiographic progression
in relation to predefined calculated values such as SDC and
SDD. Finally, with regard to the high prevalence of spinal
osteophytes in the population, we investigated whether
syndesmophytes are possibly mixed up with spondylophytes
(ambiguous syndesmophytes) when scoring the mSASSS,
because this may lead to a systematic error and a low specificity
of the scores.

Thus, the main objective of this study was to further validate
the performance of the mSASSS, including the definition of the
SDC, and to define the best cut-off for change in spinal
radiographs in patients with AS. In addition, we reassessed the
question of whether structural damage at baseline predicts
future radiographic progression.

METHODS
Patients and study protocol
In total, images of 116 patients with AS from 3 representative
cohorts were analysed on the basis of availability of complete
sets of radiographs. All patients fulfilled the modified New York
criteria for diagnosis of AS.18 In all, 58 patients had participated
in 2 clinical studies on anti-TNF therapy with infliximab
(n = 40) and etanercept (n = 18) over 2 years.19 20 The other 58
patients were taken from the German Spondyloarthritis
Inception Cohort.21 22

Radiographic assessment of chronic spinal changes by
using the mSASSS
All 116 patients with AS had complete sets of spinal lateral
radiographs of the cervical spine and the lumbar spine at
baseline and after 2 years of follow-up. All x ray examinations

were conducted by using the same standardised examination
protocol.

After blinding for treatment and time order of imaging, all
images were scored by one reader (XB) using the mSASSS.13

For the calculation of the SDC,7 x rays from 78 patients were
randomly selected and scored by another reader (HH) who used
the same approach. Agreement between readers was defined as
no difference in the same mSASSS change scores between time
points. Some disagreement was defined as a small difference of
less than or equal to the calculated SDC and major disagree-
ment was defined as disagreement greater than the SDC.

The quality of the spinal radiographs may vary, for example,
because of overexposure or underexposure. Furthermore, not
all spinal segments may have been captured on the film. Thus,
some vertebral edges may not be scored. In this study, missing
data were handled as recently proposed11 14 by excluding
patients from the evaluation if more than three vertebral sites
were missing. In cases with (3 vertebral sites missing, missing
scores were substituted by the mean score of the vertebra from
the same spinal segment of the patient.11 14

With respect to the definition of the mSASSS, radiographic
damage in individual patients at baseline was defined as a score
of no more than 1 (erosion, sclerosis or squaring), and definite
radiographic damage at baseline was defined as a score of at
least 2 (appearance of at least one syndesmophyte in at least
one vertebral edge of the patients), in accordance with a recent
proposal.11

After the first evaluation of the scores, all vertebral edges
initially scored as 2 (occurrence of syndesmophyte according to
the mSASSS) were evaluated for a second time to find out how
many could have possibly been confused with spondylophytes.
Such syndesmophytes were defined as ‘‘ambiguous’’ syndes-
mophytes. This differentiation was made by drawing a line
between the anterior vertebral edges of the same vertebral
body. This line was used as a reference for the direction of the
vertebra. Thereafter, a second line was drawn at a 45˚angle to
the edge (fig 1). Bony changes with an angle (45˚ to the
anterior vertebral side were defined as syndesmophytes, in
contrast with changes with an angle of .45 ,̊ which were
defined as ambiguous syndesmophytes (fig 1).

Statistical analysis
For calculation of the SDC, the scorings of both readers were
used. The SDC was calculated as described,7 on the basis of the
measurement error, a prespecified statistical 95% CI and a
prespecified coverage probability of measurement errors (80%).
This calculation chosen to achieve a high sensitivity implies
that up to 10% of patients with or without a change in the
mSASSS could be either falsely classified as positive (but
having no ‘‘real change’’) or as negative (but having real
radiographic progression).

Cumulative probability plots were drawn for visual presenta-
tion of the coherence of the observed data and to present the
differences between SDC, SDD and change of at least one
mSASSS unit.23

The paired Wilcoxon rank-sum test was used to compare the
readings between different time points, and the Mann–
Whitney U test was used to compare the data between
subgroups at single time points. Wilson’s method was used to
calculate 95% CIs of proportions.

RESULTS
Baseline characteristics
Table 1 shows the baseline data of the patients. The patients
had active disease, functional impairment, reduced spinal
mobility and a disease duration similar to recent anti-TNF
trials.24

Figure 1 Differentiation between syndesmophytes and spondylophytes by
using the 45˚ angle as a cut-off. Syndesmophytes grow in an angle of
(45˚ to the vertebral edge (here 12.3 )̊, while spondylophytes grow in an
angle of .45˚ to the vertebral edge.
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Radiographic progression as assessed by the mSASSS
The mean mSASSS of all 116 patients worsened from 9.3 (14.0)
at baseline to 10.7 (15.2) after 2 years (p,0.001). Any
radiographic progression was seen in 49/116 patients (42.2%,
fig 2). Patients with definite radiographic damage at baseline
had more radiographic progression than patients without
radiographic damage at baseline: mean mSASSS change 2.6
(4.0) vs 0.8 (1.4; p = 0.002 between groups).

Overall, 28/116 (24.1%) patients had no baseline radiographic
damage. Of those, 5 (17.9%) patients developed new structural
lesions at follow-up, including 3 who developed at least one
syndesmophyte. All 5 patients progressed >SDC after 2 years.

Radiographic progression by assessment of new
syndesmophytes
No radiographic damage (mSASSS = 0) or suspicious changes
such as erosions, sclerosis or squaring (mSASSS = 1) without
signs of definite damage at baseline was found in 59/116
(50.9%; 95% CI 41.9% to 59.8%) patients. Definite radiographic
progression (deterioration to syndesmophytes or ankylosis
(mSASSS = 2 or 3)) after 2 years was found in 11 of those 59

(18.6%; 95% CI 10.7% to 30.4%) patients. In more detail, 8/31
(25.8%; 95% CI 13.7 to 43.2) patients with only minor
radiographic damage (mSASSS score = 1), and 3/28 (10.7%;
95% CI 3.7 to 27.2%) patients without any damage at baseline
(mSASSS score = 0) had definite deterioration.

There were no clinical and/or demographic differences
between the 59 patients described above, and the remaining
57/116 (49.1%) patients who had definite radiographic damage
at baseline. Of the latter, 25 (43.9%; 95% CI 31.8% to 56.7%)
patients had a definite deterioration.

Thus, in the entire group, independent of the baseline
radiographic status, definite radiographic deterioration was
found in 36/116 (31%; 95% CI 23.3% to 39.9%) patients. Similar
results were found when single vertebral edges were evaluated
for definite progression (fig 2).

Any radiographic progression was seen in 49/116 (42.2%)
patients and in 177/2758 (6.5%) vertebral edges. On this basis,
it can be calculated that the development of syndesmophytes or
ankylosis accounted for the changes occurring in 36/49 (74%)
patients and in 108/177 (61%) vertebral edges.

Reliability of readings and assessment of radiographic
progression by the SDC
Both readers were in agreement of the change in the mSASSS
score between baseline and the 2-year follow-up in 42 (53.8%;
95% CI 42.9% to 64.5%) cases. The agreement was significantly
higher (68.3%) for the scores of those 41 patients who had an
mSASSS score of 0 at baseline (as scored by at least one reader).
There was some disagreement in 25 (32.1%) patients, and
major disagreement in 3 (3.8%; 95% CI 1.3% 10.7%) patients.

There were no differences in clinical or laboratory parameters
and also in radiographic damage (mean mSASSS) at baseline
between the patients used for the calculation of the SDC and
the remainder. The SDC was calculated at 2 mSASSS units.
When using this as a cut-off, radiographic progression was seen
in 32/116 (27.6%) patients at the 2-year follow-up.

In the subgroup of patients without definite baseline damage
(only mSASS-scores of 0 or 1), only 7/59 (11.9%) patients
showed progression >SDC after 2 years. By contrast, in the
subgroup with definite radiographic damage at baseline,
radiographic deterioration >SDC was found in 25/57 (43.9%)
patients (p,0.05 between groups).

Figure 2 shows a comparison of the radiographic progression
seen in individual patients when using the three different cut-
off levels (mSASSS, SDD and SDC). The cumulative percentage
of patients developing radiographic progression between base-
line and after 2 years is reflected on the x axis (table 2).

Table 1 Baseline characteristics of all patients

All patients
(n = 116)

Patients used for
calculation of the SDC
(n = 78) p Value*

mSASSS 9.3 (14.0) 10.1 (14.6) 0.16
Age (years) 38.4 (9.7) 38.9 (10.7) 0.96
Symptoms duration (years) 11.0 (8.2) 11.9 (9.1) 0.10
BASDAI (scale 0–10) 5.1 (2.2) 4.8 (2.3) 0.91
BASFI (scale 0–10) 2.9 (2.0) 3.9 (2.5) 0.63
BASMI (scale 0–10) 4.3 (2.5) 2.8 (2.0) 0.22
CRP (mg/dl) 26.5 (23.4) 22.2 (18.6) 0.65
ESR (mm/1 h) 27.8 (20.3) 26.4 (20.4) 0.62

BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Function Index; BASMI,
Bath Ankylosing Spondylitis Metrology Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; mSASSS,
modified Stokes AS Spinal Score; SDC, smallest detectable change.
*Comparison of the subgroup of patients used for the calculation of the SDC with the subgroup of the remaining patients
by Mann–Whitney U test.
Values are mean (SD) unless otherwise specified.

Figure 2 Cumulative probability plot for the individual radiographic
progression in all 116 patients included in this study. Progression scores
can be read from the y axis. Accordingly, the cumulative probability of the
percentage of patients with radiographic progression over each different
assessment aspect can be found by drawing a straight line from the
corresponding percentile to the x axis. Continuous line: smallest detectable
difference; uncontinuous line: smallest detectable change; and dotted line:
change of >1 modified Stokes Anklylosing Spondylitis Spinal Score
(mSASSS) unit.
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Differentiation between syndesmophytes and
spondylophytes (ambiguous syndesmophytes) in
patients with AS
Overall, 150/2748 (5.5%) vertebral edges were scored as 2 with the
mSASSS, indicating the presence of a syndesmophyte. When the
45̊ angle was used to differentiate syndesmophytes from
spondylophytes (ambiguous syndesmophytes, see the Methods
section), only 18/150 (12%) vertebral edges showed a growth
angle .45̊ . The remaining 132/150 (88%) vertebral edges were
identified as typical syndesmophytes. On an individual patient
level, ambiguous syndesmophytes with an mSASSS score of 2 in
at least one vertebral edge in either the cervical spine or the
lumbar spine were found in 13/58 (22.4%) patients.

After 2 years, only 2/18 ambiguous syndesmophytes in 2
patients had been scored as having progressed to ankylosis,
while the remaining 16 had not changed over 2 years (11/58
patients).

There was no difference in the clinical characteristics of the
whole group of patients with definite syndesmophytes and
ambiguous syndesmophytes (data not shown). Inclusion or
exclusion of ambiguous syndesmophytes in the analysis did not
change the overall result of the scoring exercise (data not
shown).

Subgroup analyses
The patients were further divided into subgroups on the basis of
mean age, mean disease duration and presence of syndesmo-
phytes/ambiguous syndesmophytes (table 3).

Patients with syndesmophytes (mean age 41.3 years) were
older than those without syndesmophytes (mean age
35.6 years; p = 0.001).

The mean number of syndesmophytes in patients aged younger
than or equal to or older than the mean age of 38 years was
significantly different: 1.9 vs 3.3, respectively (p = 0.002).

The mean number of syndesmophytes in patients with a
disease duration less than or equal to vs greater than the mean
disease duration of 11 years was not significantly different: 2.2
(4.5) vs 3.0 (4.7), respectively (p = 0.14).

Patients with ambiguous syndesmophyttes were older, and
had higher mSASSS and BASMI scores than those without
such changes (table 3).

DISCUSSION
This study emphasises the central role of syndesmophytes as
indicators of radiographic damage and progression in patients
with AS. On this basis and on the background of the OMERACT

filter,25 our study adds face validity to the mSASSS, which is
also confirmed to be sensitive to change in the detection and
quantification of radiographic progression in AS over 2 years.
The mean mSASSS change of all patients with AS was 1.5 (2.9)
mSASSS units over 2 years. These data on spinal radiographs of
116 patients with AS are relevant for both clinical studies and
clinical practice.

The central role of syndesmophytes and ankylosis was clearly
established as half of the patients had such changes at baseline,
and the progression rate was 31% using that target versus 42%
for any change. This shows that almost 75% of the patients with
change as defined by the mSASSS developed syndesmophytes
and ankylosis.

On the basis of a recent publication,7 we calculated the SDC
at a change of >2 mSASSS units. This does not necessarily
indicate the presence of a syndesmophyte, as two scores of 1
mSASSS unit would also sum up to a score of 2. However, this
is a relevant cut-off that leads to a rate of detection of
radiographic change in 32/116 (28%) patients with AS after
2 years. Nevertheless, concentrating on syndesmophytes/anky-
losis seems to be superior.

Confirming the results of an earlier study,6 we found that
only 2/116 (2%) patients using the SDD showed radiographic
progression after 2 years. As this reflects an underestimation of
structural changes as documented in this study, the SDD seems
not to be useful when scoring with the mSASSS.

As syndesmophytes are critical for radiographic progression,
we were interested in studying the relative proportion of
syndesmophytes and spondylophytes appearing as ambiguous
syndesmophytes, as these are difficult to differentiate. Because
there is no agreement in the literature until now on how to
handle such osteophytes, we used, for the first time, a practical
approach by setting a 45˚angle as a cut-off. This proposal refers
to the best-known difference between such spinal osteophytes:
the horizontal versus the vertical orientation of this rather
localised bone growth. We are not aware of any other studies on
this topic. Although this approach has not been formally
validated so far, we think that it has sufficient face validity. On
this basis, we show that ambiguous syndesmophytes are not a
rare finding in patients with AS with an incidence of 12% of all
vertebral edges occurring in about 20% of the patients studied.
However, these ambiguous syndesmophytes did not show
much change over time. Their inclusion in the analysis has
not influenced the final study result. However, the evaluation
of chronic spinal changes in patients with AS needs more study
and an international consensus to determine whether and how
such ambiguous syndesmophytes are best assessed and
whether they should be included or excluded in clinical studies.

In the subgroups analyses, we found that patients with
ambiguous syndesmophytes (n = 13) were older than patients
without such changes. One possible explanation is that
degenerative changes are known to occur more frequently in
older patients. The lack of a statistically significant difference in
age between patients with shorter and longer disease durations
may point in the same direction. However, the number of
patients with ambiguous syndesmophytes was rather small and
the mean age of the patients was relatively young in this study.

Improvement of the mSASSS was found in 40/2737 (1.4%)
vertebral edges. Of those 40, 36 showed a change from 1 to 0
and only 4 vertebral edges showed changes from 2 to 1. Looking
at these images for a second time, we think that this is not
reflecting real improvement or healing as reported in RA26–28

and PsA,29 but rather a phenomenon that is due to a reduced
quality of some radiographs. These scores had no effect on the
results of the analyses.

Another important aspect of our study is the confirmation
that radiographic damage at baseline is a major, and the only

Table 2 Descriptive analysis of all vertebral edges
evaluated in this study at both assessment time points

Vertebral edges,
n (%)

Baseline damage
No damage (mSASSS’ 0) 2181 (79.4)
Sclerosis, erosion or squaring (mSASSS’ 1) 253 (9.2)
Syndesmophyte (mSASSS’ 2) 150 (5.5)
Ankylosis (mSASSS’ 3) 164 (6.0)
Missing sites 36 (1.3)

Change in scorings
No change 2520 (91.7)
Deterioration of >1 mSASSS unit 177 (6.5)
Deterioration from no damage to suspicious damage 59 (2.2)
Deterioration from no damage to definite damage 53 (2.4)
Deterioration from suspicious damage to definite

damage
37 (14.6)

Deterioration from syndesmophyte to ankylosis 28 (18.7)
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currently known, predictive factor for future structural pro-
gression.11 30 Thus, patients with radiographic damage at the
time of presentation are significantly more prone to show
radiographic changes after >2 years, independent of age or
disease duration. However, we could even extend these earlier
reports by showing in our study that 44% of the patients with
definite damage at baseline developed syndesmophytes after
2 years, whereas only 19% of the patients without definite
baseline damage showed definite radiographic deterioration.
This indicates that the presence of a syndesmophyte or
ankylosis is a stronger predictor of further structural changes
than minor changes such as erosions or sclerosis.

In summary, according to the present data, the calculation of
the proportion of patients with AS with definite radiographic
progression (syndesmophytes, ankylosis) may be regarded as a
new gold standard for the assessment of radiographic change in
AS. Furthermore, definite radiographic damage (syndesmo-
phytes, ankylosis) at baseline is even more predictive of
radiographic progression. The large proportion of patients
showing radiographic deterioration from minor to more
definite changes such as syndesmophytes has been useful in
confirming the truth and discrimination of the mSASSS.
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(years)

Male
n (%)

Damage at BL
n (%)
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at BL
n (%)

Ambiguous
syndesmophytes
n (%)

Mean
mSASSS

Mean
BASDAI

Mean
CRP

Mean
BASFI

Mean
BASMI

Age ( mean age
(38 years, n = 67)

31.8 42 (62.7) 45 (67.2) 24 (35.8) 3 (4.5) 6.8 4.6 25.0 2.5 3.9

Age .mean age
(n = 49)

47.5 26 (52) 44 (89.8) 33 (67.3) 9 (18.4) 12.7 5.8 28.2 3.6 5.0

p Value 0.000 0.248 0.011 0.001 0.018 0.002 0.005 0.971 0.005 0.039
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(mean symptom duration
(11 years, n = 80)

36.4 49 (61.3) 57 (71.3) 35 (43.8) 6 (7.5) 8.0 4.3 25.0 2.6 3.8

Symptom duration
. mean symptom duration
(n = 36)

43.1 19 (52.8) 32 (88.9) 22 (61.1) 6 (16.7) 12.1 6.7 28.7 3.8 5.5

p Value 0.000 0.440 0.085 0.186 0.129 0.040 0.000 0.643 0.003 0.001
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p Value 0.018 0.528 0.040 0.000 NA 0.001 0.378 0.105 0.218 0.559

BL, baseline; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Function Index; BASMI, Bath Ankylosing Spondylitis
Metrology Index; CRP, C-reactive protein; mSASSS, modified Stokes Ankylosing Spondylitis Spinal Score; NA, not available.
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