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Spinal Radiographic Changes in Ankylosing
Spondylitis: Association with Clinical Characteristics
and Functional Outcome
ANNELIES BOONEN, BERT vander CRUYSSEN, KURT de VLAM, SERGE STEINFELD, CLIO RIBBENS,
JAN LENAERTS, FILIP Van den BOSCH, HERMAN MIELANTS, LODE DEWULF, and NATHAN VASTESAEGER

ABSTRACT. Objective. To determine which patients with ankylosing spondylitis (AS) have radiographic spinal
damage and to investigate the relation between radiographic spinal changes and limitations in phys-
ical function.
Methods. A cross-sectional nationwide study in Belgium of patients with AS under the care of a
rheumatologist. The treating physician completed a questionnaire including clinical disease mani-
festations and laboratory findings (HLA-B27 and C-reactive protein), and classified spinal radio-
graphs into 3 categories: (1) no AS-related spinal abnormalities; (2) syndesmophytes; and (3) spinal
ankylosis. Patients completed the Bath AS Disease Activity Index (BASDAI) and the Bath AS
Functional Index (BASFI). Ordinal regressions were performed to quantify the relationship between
clinical manifestations and spinal radiographic changes. Generalized linear models were computed
to quantify relationships among clinical manifestations, radiographic spinal changes, and function-
ing (BASFI).
Results. A total of 619 patients fulfilled modified New York criteria for definite AS and had evalu-
able radiographic data; 68% were male and disease duration was 17.5 (SD 12.2) years. Male sex,
younger age at symptom onset, and hip involvement were associated with radiographic changes; but
HLA-B27, peripheral arthritis, and extraarticular disease status (uveitis, psoriasis, and inflammatory
bowel disease) were not. Older age, BASDAI, hip involvement, and spinal change contributed to
BASFI; but sex, disease duration, peripheral arthritis, and extraarticular manifestations did not.
Conclusion. Radiographic spinal changes in patients with AS are seen more often in men and those
with hip involvement. BASFI status indicates the influence of radiographic changes and hip involve-
ment, but does not reflect the presence of peripheral arthritis and does not differ between men and
women. (First Release May 15 2009; J Rheumatol 2009;36:1249–55; doi:10.3899/jrheum.080831)
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Ankylosing spondylitis (AS) is considered prototypical for
the group of chronic rheumatological conditions referred to
as the spondyloarthropathies. The hallmark of the disease is
inflammation of the sacroiliac joints resulting in progressive

structural changes that are eventually evaluable by conven-
tional radiography1,2. Apart from sacroiliitis, AS is clinical-
ly heterogeneous, which adds to the challenge in under-
standing the pathophysiology and assessing all aspects of its
clinical outcome. Sacroiliitis, spondylitis, peripheral arthri-
tis, enthesitis, and involvement of shoulders or hips (known
as root joints) contribute to the articular burden of AS. A
number of extraarticular manifestations, including uveitis,
psoriasis, and inflammatory bowel disease (IBD) can com-
plicate the clinical presentation of the disease3.
Spinal syndesmophyte formation and ankylosis are the

most striking features of AS and can be seen on convention-
al radiography. Only a few studies have investigated the
relation between the clinical characteristics and radiograph-
ic spinal changes4-6. The association of uveitis with spinal
change has been investigated in 3 studies, but the results are
conflicting7-9. Brophy, et al found no association of IBD or
psoriasis with spinal changes5. To our knowledge, the rela-
tion between the articular manifestations and ankylosis has
never been addressed. In addition to the disease-related clin-
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ical manifestations, intrinsic patient characteristics (e.g.,
sex) can be associated with the presence of radiographic
changes. In this regard, all but one of 13 studies showed that
women had fewer radiographic changes in lumbar and thor-
acic spine, independent of the scoring method applied6.
There are few studies addressing the influence of radio-

graphic spinal changes on patient outcomes. Taylor, et al10

found that ankylosis correlated with more pain, stiffness and
sleep disturbance; and Lee, et al and Doran, et al reported
that radiographic status was associated with function in uni-
variate6 and multivariate analyses7. Landewé, et al11 report-
ed in a longitudinal analysis over 2 years that disease activ-
ity and radiographic damage assessed by the modified Stoke
Ankylosing Spondylitis Spine Score (mSASSS) were inde-
pendent contributors of change in function after adjusting
for age and sex.
The aim of our study was to assess (1) the relationship

between the broad range of clinical characteristics of
patients with AS and radiographic spinal damage; and (2)
the influence of spinal changes, in addition to the clinical
characteristics, on functional outcome.

MATERIALS AND METHODS
Rheumatologists and patients. Between February 2004 and February 2005,
all 204 Belgian rheumatologists were invited to register their patients with
AS for an epidemiologic study. A random subsample of patients was
included in a cross-sectional clinical study. Those fulfilling the modified
NewYork criteria for definite AS12 and having a spinal radiographic exam-
ination within 2 years were considered for analyses.

The study was approved by the national license bureau for noninter-
ventional research, and all patients provided signed informed consent prior
to inclusion. A detailed description of the sampling and epidemiology of
rheumatologists and patients is described elsewhere13.

Clinical characteristics and functional outcome.A questionnaire was com-
pleted by the treating rheumatologist based on the patients’ records and
included the items of the modified New York criteria12, age at symptom
onset, the presence of HLA-B27 antigen, the last available value of C-reac-
tive protein (CRP), and the history of past or present peripheral arthritis,
enthesitis and extraarticular disease. Extraarticular disease manifestations
included anterior uveitis, psoriasis, ulcerative colitis, and Crohn’s disease
[combined and referred to as irritable bowel disease (IBD)]. To assess dis-
ease activity patients completed the Bath AS Disease Activity Index (BAS-
DAI)14, and to assess limitations in mobility, they underwent a clinical
examination by the rheumatologist, who recorded the components of the
Bath AS Metrology Index (BASMI)15. Physical function was assessed
through the self-reported Bath AS Functional Index (BASFI)16.

Radiographic changes. Consistent with the naturalistic design of the study,
information on radiographic abnormalities was based on the latest available
documents if not performed at the time of the study visit and were scored
by the treating rheumatologist. The sacroiliac joints were scored according
to the modified New York criteria. Spinal radiographic changes had to be
classified into 3 (exclusive) categories: (1) no spinal abnormalities related
to AS; (2) presence of syndesmophytes; or (3) presence of spinal ankylosis.

Statistical analyses. Descriptive statistics were used to describe the data by
the calculation of means with standard deviation and range for continuous
data and frequencies for dichotomous and ordinal data. Differences and
inferences between the 3 subgroups with different spinal changes were test-
ed by computing odds ratios and 95% confidence intervals. Associated p
values were calculated by chi-square statistics for dichotomous data and
Kruskal-Wallis tests for continuous data.

To explore the effect of one or more variables on radiographic changes,
a logit link function (ordinal logistic regression) was used, first correcting
for the potential confounders age at onset, disease duration since symptom
onset, and sex. Variables were HLA-B27, elevated CRP, extraspinal mani-
festations (ever hip arthritis, arthritis, or enthesitis) and extraarticular man-
ifestations (uveitis, psoriasis, and IBD). Interactions between the sets of
variables were explored in additional analyses that included for the main
effect variables and the interaction term for each interaction studied. The
exponents of the estimates of those ordinal logistic regression analyses can
be interpreted as odds ratios for each level of radiographic change.

To determine the effect of variables on BASFI, generalized linear
regression models were computed, first correcting for confounders age, dis-
ease duration, sex, and disease activity (BASDAI). Other variables were
spinal radiographic changes, presence of extraspinal manifestations, and
extraarticular manifestations. When needed, variable selection and model
comparison was performed by goodness of fit summaries (Akaike informa-
tion criterion). Interaction terms were checked where noted. These models
were repeated in a subsample of patients that had BASMI data (n = 360) to
account for the association of variables with radiographic spinal changes in
view of BASMI.

For all regression models, underlying assumptions of the models were
checked. Missing completely at random (MCAR) was assumed. Missing
cases were excluded, pair-wise for demographic explorations and list-wise
for the regression models. The validity of the MCAR assumption was
checked and more detailed analysis of missingness was performed when
needed. All analyses were performed in SPSS 15.0.

RESULTS
Rheumatologists and patient characteristics. Eighty-nine of
204 invited rheumatologists (44%) agreed to participate and
represented all the geographical regions of Belgium as well
as a mix of academic and nonacademic practices. A total of
1023 patients were included in the study. All patients ful-
filled the modified New York criteria, of whom 847 (83%)
met the criteria for definiteAS and 176 (17%) the criteria for
probable AS. Six hundred nineteen (72%) patients with
definite AS had radiographs available from the last 2 years.
Sixty-seven percent were male, with a mean age of 43.9
(± 12.1) years, and mean disease duration since symptom
onset was 17.5 (± 12.2) years. In addition, 83% were
HLA-B27-positive.
Radiographic spinal change was recorded in 294 of 619

patients (47%). One hundred twenty-four (20%) had spinal
ankylosis, 170 (27%) syndesmophytes, and 325 (53%) no
spinal abnormalities related to AS. A cumulative history of
peripheral arthritis was recorded in 351 (56.8%) patients,
enthesitis in 215 (47.7%), and hip involvement in 166
(26.6%). A hip arthroplasty had been performed in 36
(5.8%) patients. Twenty-seven percent of patients had spinal
changes as well as peripheral arthritis and 155 (25%) had
neither radiographic change nor arthritis. A cumulative his-
tory of extraarticular manifestations was registered for
uveitis in 169 patients (27.3%), psoriasis in 68 (11.0%), and
IBD in 54 (8.7%). Forty percent of patients had at least one
extraarticular manifestation.

Missing data. Patients with a missing radiographic evalua-
tion were older, 46.6 versus 43.9 years (difference 2.7 yrs;
95% CI 0.7–0.4), had longer symptom duration, 13.6 versus
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11.4 years (difference 2.2 yrs; 95% CI –0.15 to 3.8), and had
slightly better physical functioning on BASFI, 4.8 versus
5.2 (difference 0.4; 95% CI 0.08–0.73), but did not differ
with respect to sex, peripheral arthritis or hip involvement,
or HLA-B27 status. From 619 patients with radiographic
evaluations, HLA-B27 data were available in 78% and com-
plete BASMI in 58%, the remaining 42% having incomplete
BASMI measurements. Patients with missing HLA-B27
were older, 46.9 compared to 42.4 years (difference 4.5 yrs;
95% CI 2.6–6.5), and patients with missing BASMI had
higher BASDAI, 5.8 versus 5.1 (difference 0.7; 95% CI
0.4–1.0), and BASFI, 5.7 versus 4.9 (difference 0.8; 95% CI
0.4–1.2).

Characteristics of patients according to radiographic sub-
group. Table 1 describes the differences in patients’ charac-
teristics in terms of their radiological involvement (no
AS-related spinal abnormalities, syndesmophytes, or spinal
ankylosis). No differences in age at onset of axial symptoms
or BASDAI or elevated CRP could be found. In contrast,
more radiographic spinal changes were significantly associ-
ated with longer disease duration and worse BASFI and
BASMI scores. Twenty-seven percent of patients with
symptom duration < 10 years showed AS-related radio-
graphic spinal changes (syndesmophytes or ankylosis). This
proportion increased to 77% in patients with more than 30
years’ symptom duration.

Factors associated with radiographic spinal changes. The
ordinal regression models first confirmed that age at onset,
symptom duration, and sex were confounders (Table 2; first
section). A significant interaction between disease duration
and sex was found, indicating that male patients not only
had more frequent spinal changes but were also more likely
to have an increase in spinal changes when disease duration
increased. Figure 1 shows the proportion of men and women
with spinal ankylosis for cohorts with disease duration < 10
years, 10–30 years, and ≥ 30 years.

In the second step, the different extraspinal and extra-
articular manifestations (hip changes, peripheral arthritis,
enthesitis, uveitis, psoriasis, IBD) were added to this model.
Hip involvement was the only variable associated with
radiographic spinal changes (Table 2; section 2). Further
analysis of interaction terms showed significant interaction
between symptom duration and hip involvement, indicating
that patients with hip involvement were more likely to have
an increase in spinal changes when disease duration
increased.

Variables associated with BASFI. General linear regression
analyses showed that age, BASDAI, radiographic changes,
and hip involvement, but not sex, disease duration, periph-
eral arthritis, enthesitis, uveitis, psoriasis, or IBD, con-
tributed to physical function measured by BASFI (Table 3).
No significant interactions were found in this final model. A
second series of models in the subsample of patients with
BASMI (n = 360) aimed to evaluate the association between
radiographic spinal changes in view of BASMI. First, the
initial model (described above) was confirmed as the esti-
mates for beta were comparable, indicating the MCAR
assumption could be considered valid. Adding the BASMI
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Table 1. Characteristics of patients with definite AS (modified New York criteria) and available radiographic
examination according to the degree of radiographic change.

No AS Syndesmophytes, Spinal Ankylosis, p
Abnormalities, n = 170 n = 124

n = 325

Age at onset, yrs, mean (SD) 26.8 (10.7) 27.2 (11.8) 24.3 (10.9) 0.03
[range] [3.5–64.5] [4.1–62.7] [5.3–63.2]
Symptom duration, yrs, mean (SD) 13.6 (10.7) 18.1 (10.8) 26.9 (12.8) < 0.001
[range] [1–52.7] [1–47.9] [2–66.2]
Male, % 53 80 88 < 0.001
HLA-B27 (n = 489), % 80 89 87 0.07
Elevated CRP (n = 584), % 31 45 45 0.03
BASDAI, mean (SD) 5.4 (2.0) 5.3 (2.1) 5.6 (1.9) 0.5
BASFI, mean (SD) 4.7 (2.4) 5.2 (2.5) 6.5 (2.2) < 0.001
BASMI (n = 360), mean (SD) 2.4 (1.6) 3.8 (2.2) 6.8 (2.4) < 0.001

CRP: C-reactive protein; BASDAI: Bath AS Disease Index; BASFI: Bath AS Functional Index; BASMI: Bath
AS Metrology Index.

Table 2. Association of demographic, extraspinal, and extraarticular man-
ifestations with radiographic spinal changes.

exp B (OR) 95% CI

Age at onset 0.03 0.02–0.05
Symptom duration 0.09 0.07–1.01
Sex 1.67 1.27–2.08
Estimate when controlling for age at onset, sex, and disease duration
Hip involvement, disease duration 0.61 0.24–0.98
Peripheral arthritis 0.30 –0.04–0.64
Enthesitis 0.08 –0.14–0.24
Uveitis 0.31 –0.06–0.72
Psoriasis 0.10 –0.43–0.62
Inflammatory bowel disease –0.37 –0.96–0.21
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to the explanatory variables revealed a strong association
between BASMI and BASFI (beta 0.33, 95% CI 0.24–0.41).
However, the contribution of radiographic changes disap-
peared and the strength of the association with hip involve-

ment decreased, indicating BASMI was a mediator for these
variables. The model including BASMI (confounders,
BASMI, and hip involvement) had a better goodness of fit
compared to the model without BASMI (confounders,
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Figure 1. Cumulative prevalence of radiographic syndesmophytes and ankylosis according to
disease duration for male (n = 417) and female (n = 202) patients.
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radiographic changes, and hip involvement) as shown by the
improvement of the Akaike information criterion (“smaller
is better”), which decreased from 1335 to 1281.

DISCUSSION
We evaluated characteristics of patients with AS who had
radiographic spinal changes. There were no radiographic
spinal changes in 53% of the total group; however, in the
subgroup with disease duration longer than 30 years, only
23% remained without spinal changes. This suggests that a
large majority of patients under care of a rheumatologist
have spinal involvement that will eventually lead to changes
visible on conventional radiographs. The likelihood of
spinal ankylosis was also higher in men, in those with symp-
tom onset at an earlier age, and in patients who had a histo-
ry of hip involvement. There was no association of HLA-
B27 or extraspinal articular disease or extraarticular mani-
festations with spinal ankylosis.
While it does not seem surprising that disease duration is

associated with radiographic changes, there are few
prospective longterm studies with data that quantify this
observation. The Outcome Assessments in Ankylosing
Spondylitis International Study evaluated a cohort of
patients under the care of a rheumatologist, and in radio-
graphs scored using the mSASSS (score range 0–72)17, it
was shown that over a period of 4 years the average change
in score was low, but on the patient level and depending on
the criterion, between 37% and 57% of patients had an
increase in the spinal scoring system18. Dawes19 reported an
average increase of 23 points in mSASSS over 9 years in a
group of patients with at least 2 radiographic assessments
available. As in our study, Dawes also noted that earlier
onset of symptoms was associated with more AS-related
radiographic changes.
The increased prevalence and severity of radiographic

spinal changes in men and in those with hip involvement
confirms previous reports and adds to the evidence4-7,9,20-27.
The explanation for the gender difference remains unclear.
Although there is no linkage between X-chromosome mark-
ers and susceptibility for AS28, it cannot be excluded that

severity of AS is X-link determined. Polymorphisms of
genes that control tissue calcification and arthritis have been
found to be associated with AS, and their relationship with
sex is under investigation29-31. The previously observed
association between spinal involvement and hip arthritis
resulted in the classification of hips as “root” or “axial”
joints. No pathophysiological model investigated whether
the disease processes in the spine are similar to that in the
hips. This remains an interesting area for future research.
In our study radiographic spinal change was a relevant

contributor to physical function, together with age and dis-
ease activity (BASDAI) and hip involvement. Interestingly,
gender had no influence on function, and also did not influ-
ence the univariate analyses, despite the higher frequency of
radiographic changes among men. In the subgroup of
patients with BASMI data, the effect of radiographic change
on BASFI disappeared and the influence of hip involvement
decreased when taking spinal and hip mobility (BASMI) into
account, and improved the goodness of fit of the model. This
suggests that an important part of the effect of the radio-
graphic changes on the BASFI can be explained by its effect
on the BASMI. The contribution of radiographic changes
over time to the BASFI or the Dougados Functional Index
was confirmed by Landewé, et al in a study that applied
mSASSS to score the extent of radiographic changes11.
Similarly to our study, the BASDAI also was a determinant
of physical function. Of note, the relation between radio-
graphic changes was shown not only for the syndesmophyte
score, but also for the non-syndesmophyte score (squaring of
sclerosis erosions). The independent contribution of BASMI
data was not explored in this study. Maksymowych, et al
have described strong univariate associations between spinal
mobility (using the Edmonton AS Metrology Index; EDAS-
MI) and function (BASFI) or radiographic changes
(mSASSS)32. Again, the combined contribution of spinal and
radiographic change to function was not investigated. It
should be emphasized that although BASMI relates to radio-
graphic damage on the group level, this does not necessarily
imply that radiographic staging on the individual level can be
replaced by the BASMI33. It was surprising in our study that
enthesitis or peripheral arthritis had a low impact on func-
tion. It is possible that BASFI is not sensitive for the func-
tional influence of peripheral joint involvement, since this
instrument primarily focuses on spinal functioning. Also,
physician-reported enthesitis might not be accurate. This
might explain why the Spondyloarthritis Research Consor-
tium of Canada enthesitis index showed a significant corre-
lation with BASFI in the validation study34.
Some limitations of our study should be noted. First, the

data were collected cross-sectionally and therefore do not
allow the conclusion that variables associated with spinal
changes are “prognostic” factors. Also, left censorship may
have occurred, referring to the phenomenon that patients
with less severe disease refrained from further control or had

1253Boonen, et al: Radiography in AS

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved.

Table 3. Association of demographic, clinical, and disease characteristics
with physical functioning (Bath AS Functional Index).

Beta 95% CI

Intercept –1.52 –2.1 to –0.9
Age 0.04 0.02–0.05
Female sex 0.13 –0.17–0.40
Symptom duration –0.003 –0.02–0.11
BASDAI 0.86 0.92–0.19
Radiographic spinal change
Ankylosis 1.13 0.74–1.52
Syndesmophytes 0.42 0.11–0.74
No abnormalities Reference
Hip involvement 0.64 0.35–0.92
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no radiographic assessment and therefore the group with
longer disease is a selection of patients with worse disease.
It is unlikely that this influences the observed relation with
sex, since in the cohorts with different disease duration, no
differences in prevalence of both sexes were seen. Second,
these results pertain to patients with AS under care of a
rheumatologist, which will certainly bias toward more
severe disease, potentially explaining the large prevalence of
ankylosis and extraspinal articular manifestations, especial-
ly peripheral arthritis. On the other hand, the study popula-
tion is relevant, since it represents the population where
more intensive treatment will be considered. Nevertheless,
due to this source of sampling and the left censorship, the
absolute figures on prevalence of radiographic spinal
changes should be interpreted with caution. Finally, the
design of the study did not allow standardizing the instru-
ments to assess articular and extraspinal disease and radio-
graphic changes. It is difficult to hypothesize whether physi-
cian-reported enthesitis, arthritis, or hip involvement will
result in under- or over-reporting. As noted, the absence of a
standardized method to report enthesitis could explain why
our study did not find an association with function34. When
interpreting the relevance of hip involvement, an important
factor to explain spinal changes as well as function, the issue
of standardization is pertinent. It should be emphasized,
however, that similar strong relationships remained when
replacing hip involvement with hip arthroplasty. The classi-
fication of radiographic changes into the 3 groups by physi-
cians could have led to overlap between the groups with
“syndesmophytes” and those with “ankylosis,” since the
threshold at which consecutive bridging syndesmophytes
are considered “spinal ankylosis” is likely different for each
rheumatologist. However, the data suggest that the group
classified as “spinal ankylosis” show more extensive radio-
graphic effects than the group classified as “syndesmo-
phytes.” The terminology “radiographic spinal changes”
was chosen carefully. Patients can have spinal involvement
(pain and stiffness) without changes seen on conventional
radiology. There is increasing insight that the structural
spinal changes in AS reflect the pathophysiologic remodel-
ling as a consequence of either inflammation or other stress
on the joint and therefore are “reparative” and not just
“destructive”35. A timeframe of 2 years was allowed to
include radiographs. It is unlikely this influenced our results
since it has been shown that on the group level the radio-
graphic progression over 2 years in an unselected cohort was
low, although clear changes were seen at the patient level
after 2 years36.
The major strength of our study is the large number of

patients with AS that were recorded and assessed. This
allowed sufficient power to study the relationships of dis-
ease manifestations that are present in only a minority of
patients.

Almost 47% of patients with AS under care of a rheuma-
tologist had radiographic spinal changes. Patient’s sex and
hip involvement, but not uveitis, IBD, peripheral arthritis or
psoriasis, were associated with spinal changes. Radiological
change contributed to worse physical functioning, but on the
group level the presence of radiographic changes seemed to
be interchangeable with assessment of spinal mobility
assessed by BASMI.
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