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Introduction

Ankylosing spondylitis (AS) is a chronic inflamma-
tory disease affecting the sacroiliac joints, spine,
peripheral joints and entheses1. Radiological signs
have diagnostic value in AS. Characteristic radiolo-
gical findings in AS are the growth of syndes-
mophytes and other features of new bone forma-
tion, possibly leading to ankylosis and spinal fu-
sion2. The evaluation of disease outcome in AS is a
complex and multifactorial issue. Traditionally, va-
rious clinical variables like pain and stiffness, spi-
nal mobility and anthropometric measurements
have been used to assess outcome in patients with
AS3,4. However, these clinical variables are prone to
change throughout the day even in the same pa-
tient and interfere with momentary disease activity,
the use of non-steroidal anti-inflammatory drugs
and physiotherapy interventions. Moreover, clini-
cal measurements may show inter- and intra-ob-
server variation5,6. Radiographic scoring methods
have been considered to assess the disease outco-
me in patients with AS. Radiographs have major
advantage of providing an objective result of a cu-
mulative process of destruction over time that is not
complicated by factors such as diurnal variation
and momentary disease activity. Additionally, ra-
diographs provide a permanent record necessary
for serial evaluation of the disease course, and they
can be randomized and blinded for an objective
evaluation7-10.

The Stoke Ankylosing Spondylitis Spinal Score
(SASSS) and Bath Ankylosing Spondylitis Radiology
Index (BASRI) are standardized, reproducible and
validated measures of outcome in AS7,10-12. In the
early 1990s, Taylor et al11 developed a new detailed
radiological scoring system known as the SASSS.
The SASSS evaluates lateral view of the lumbar spi-

Abstract

Objective: To assess intra and inter-rater reliability
of available radiological scoring methods in ankylo-
sing spondylitis (AS).
Patients and Methods: Two trained raters evalua-
ted 44 complete sets of AS radiographs. The cervi-
cal and lumbar spine was graded from zero to 4
according to the Bath Ankylosing Spondylitis Ra-
diology Index (BASRI). Hip joints were graded
according to the BASRI-hip method. Sacroiliac (SI)
joints were scored according to the New York me-
thod (0-4). The anterior and posterior sites of the
lumbar spine were scored according to the Stoke
Ankylosing Spondylitis Spinal Score (SASSS) me-
thod (0-72). Modified-SASSS was assessed by using
the anterior sites of both the cervical and lumbar
spine (0-72). 
Results: Both intra and inter-rater reliability were
almost perfect for all the methods and intra-class
correlation coefficient (ICC) for all the methods was
relatively similar to each other. The BASRI-spine
and BASRI-total showed intra and inter-rater ICC
between 0.78 and 0.98. Both SASSS and modified-
-SASSS reached perfect intra and inter-rater relia-
bility with ICC between 0.86 and 0.99. The ICC of
the BASRI-hip was substantial to perfect, ranging
from 0.77 to 0.88. Time spent to score a set of radio-
graphs using the BASRI-spine was <45 seconds,
whereas >60 seconds for both SASSS and mSASSS
methods.
Conclusion: After training, all of these methods
have demonstrated almost perfect intra and inter-
rater reliability. The BASRI was easier to perform
and less time consuming than SASSS methods.
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ne, with a total score ranging from 0 to 72. Later,
SASSS was modified by Cremeers et al13 by adding
the cervical spine to the scoring system. This new
version was called the modified-SASSS. Unlike
SASSS, BASRI is a global grading method to assess
radiological outcome in AS. BASRI score ranges
from 0 to 4 in each evaluated part of the spine. Two
versions of the BASRI have been developed. The
first one was published in 1995, and the second
partially modified later12,14. BASRI-total consists
BASRI-hip and BASRI-spine, which combines the
scores of the lumbar spine, cervical spine and sa-
croiliac joints10,15. For clinicians, it is important to
be aware of the reliability of the measurement and
scoring methods which are widely used in clinical
studies and daily clinical practice.    

In this study we aimed to assess intra- and in-
ter-rater reliability of available radiological scoring
methods in AS. Additionally, we aimed to assess
the reliability of SASSS with particular reference to
score posterior and anterior sites separately and
the reliability of the BASRI-hip, which has not been
completely clarified.  

Patients and Methods

Forty-four complete sets of radiographs were ran-
domly selected from archives of our rheumatology
division. These complete sets of radiographs were
taken from patients who met modified New York
criteria for the classification of AS16. Patients (33
male and 11 female) had a mean age of 32.8±8.0
years and symptom duration of 10.5±7.8 years. One
set of radiographs consisted of a posteroanterior
view of the pelvis to score the sacroiliac joints and
the hips, an anteroposterior and lateral view of the
lumbar spine, and a lateral view of the cervical spi-
ne. All radiographs were blinded for patients’ iden-
tity and numbered. 

Scoring procedure
An experienced rheumatologist (SO) trained two
physicians (HU and AK, each had ten years of ex-
perience in the field of musculoskeletal medicine)
for the scoring methods. This training was done in
three separate sessions by using the teaching ra-
diographs of our division. Four weeks later, raters
(HU and AK) scored radiographs on four sessions
including eleven sets of radiographs in each. In
every occasion, raters scored all sets according to
one method only. Raters noted the time spend to

score all sets of radiographs. For intra-rater relia-
bility, one of the raters (HU) scored the same radio-
graphs 6 weeks later.

For the SASSS scoring, all anterior and posterior
corners of each vertebra between the lower border
of T12 and the upper border of S1 were examined
and scored as: 0 for normal; 1 for sclerosis, erosion
or squaring; 2 for syndesmophyte formation; and
3 for total bony bridging, giving a maximum 
possible score of 36 for each lumbar site (36 for 
anterior and 36 for posterior)11. A similar pro-
cess was used for the assessment of only anterior
site of the cervical spine between the lower border
of C2 and the upper border of T1, giving a maxi-
mum possible score of 3613. The SASSS-spine is a
composite score of the anterior and posterior lum-
bar SASSS scores and ranges from 0 to 72. The 
modified-SASSS is also a composite score of the
anterior lumbar and anterior cervical SASSS, 
ranging from 0 to 7211,13. If 3 or fewer scoring sites
were missing (lumbar anterior, lumbar posterior
and cervical anterior) the mean of the other 
scoring sites was used as a substitute for the mis-
sing sites17. If more than 3 scoring sites were mis-
sing, these radiographs were excluded from the
study.

For the BASRI, the lumbar spine was defined ex-
tending from the lower border of T12 to the upper
border of S1, and the cervical spine extending from
the lower border of C1 to the upper border of C7.
At the lumbar spine, both anteroposterior and la-
teral lumbar radiographs were scored and the hig-
hest result was accepted as the lumbar spine BAS-
RI. Only lateral cervical radiographs were assessed
to obtain cervical spine BASRI. BASRI was scored
as 0 for normal; 1 for suspicious changes; 2 for ero-
sions, squaring, sclerosis or syndesmophytes on
≤2 vertebrae; 3 for syndesmophytes on ≥3 verte-
brae and/or fusion involving ≤2 vertebrae; 4 for fu-
sion involving ≥3 vertebrae on both the lumbar
and cervical spine10,12. 

Both hips were scored separately according to
the BASRI-hip; 0 = normal; 1 = suspicious (possi-
ble focal joint space narrowing); 2 = minimal (de-
finite narrowing, leaving a circumferential joint
space >2 mm); 3 = moderate (narrowing with cir-
cumferential joint space ≤2 mm or bone-on-bone
apposition of <2 cm); 4 = severe (bone deformity
or bone-on-bone apposition ≥2 cm or total hip re-
placement)15.

The New York method, ranging from 0 to 4, was
used to score the sacroiliac joints. In this method,
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each sacroiliac joint was scored as; 0 = no disease;
1= suspicious change; 2 = loss of definition at the
edge of the joint, there was some sclerosis and mi-
nimal erosions, there might be some joint space
narrowing; 3 = definite sclerosis on both sides, lar-
ger erosions with loss of joint space; and 4 = com-
plete fusion or ankylosis of the joint (without some
residual sclerosis)18.

BASRI-spine is the total of lumbar spine, cervi-
cal spine, and sacroiliac scores (New York method,
mean of both sites to one decimal place), ranging
from 2 to 1210. BASRI-total is the totted up BASRI-
hip (mean of both hips to one decimal place) and
BASRI-spine, with a range of 2-1615.

Statistics
In order to compute inter-rater reliability we used
intraclass correlation coefficient (ICC)19. Analysis
were performed by using SPSS version 15.0 (SPSS
Inc. Chicago, USA). We chose two-way random mo-
del ICC with measures of absolute agreement to
calculate inter-rater agreement. Analysis of varian-
ce (ANOVA) statistics was applied to the data to get
ICC estimate. A two-way random model treats both
the differences among objects measured and the
variability among raters as random factors. We cho-
se the single measure estimate, which was more
conservative and show the reliability of a single ra-
ting. Intra-rater reliability was computed using the
one-way random model with measures of absolu-
te agreement. Intraclass correlation coefficient va-
lue ranges from 0 to 1. According to the criteria of
Landis and Koch, ICC estimate of 0.00–0.20 is slight
agreement, 0.21–0.40 fair agreement, 0.41–0.60
moderate agreement, 0.61–0.80 substantial agree-
ment, 0.81 or above is almost perfect agreement20.
Sample size requirements for both inter-rater and
intra-rater correlation coefficients at 0.80 and 0.90

Table I. Scored values of the raters for each method

Rater 1 Rater 2 Rater 2 second assessment
25-75th 25-75th 25-75th 

Mean SD Percentile Mean SD Percentile Mean SD Percentile
BASRI-spine 8.5 1.56 7.00-10.0 8.09 1.46 7.0-9.0 7.62 1.26 6.75-8.25
BASRI-total 9.22 1.93 7.75-10.0 8.63 2.2 7.0-9.25 7.96 1.88 6.75-8.37
SASSS 23.07 17.25 10.0-32.0 16.7 17.85 7.0-19.75 14.88 16.69 3.25-21.0
Modified- 27.44 11.93 19.0-32.0 21.56 13.12 12.0-29.0 17.79 12.1 9.0-24.0
SASSS

BASRI: Bath Ankylosing Spondylitis Radiology Index; SASSS: Stoke Ankylosing Spondylitis Spine Score; SD: Standard Deviation.

(inter- and intra-rater reliability, respectively) were
estimated using tables by Eliasziw et al (at 0.95 con-
fidence interval and 0.80 power level, two raters
and for two ratings per subject)21. Sample size re-
quired was estimated as >40.  

Results

The mean time elapsed to score one set of radio-
graphs was 68 seconds for the SASSS method, 74
seconds for the modified-SASSS method and 42
seconds for the BASRI-spine method. Scoring va-
lues of the raters are shown in Table I.

Both intra and inter-rater reliability were almost
good to perfect for all the methods and ICC for all
the methods was relatively similar to each other
(Table II). The intra-rater reliability was relatively
higher than the inter-rater reliability for all the me-
thods (Table II).

We also compared the radiological scoring of
the anterior site of the lumbar spine with that on
the posterior site on the SASSS method. The inter-
rater reliability for posterior site of the lumbar spi-
ne (ICC 0.81, 95% CI 0.35-0.93) was relatively poo-
rer than anterior site (ICC 0.92, 95% CI 0.35-0.98)
of the lumbar spine. Intra-rater reliability of the
anterior site was also slightly better with respect to
posterior site (ICC 0.98, 96% CI 0.97-0.99 vs ICC
0.94, 95% CI 0.90-0.99, respectively). This finding
enhances the notion of using anterior sites of the
lumbar and cervical spine in the modified-SASSS
method. Regarding the BASRI-hip, inter-rater relia-
bility was similar for right (ICC 0.79, 95% CI 0.65-
-0.88) and left hips (ICC 0.84, 95% CI 0.72-0.91). The
intra-rater reliability was also perfect for both hips
(right hip ICC 0.88, 95% CI 0.79-0.93, left hip ICC
0.77, 95% CI 0.61-0.87).   
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lumbar spine.
In accordance with previous findings10,25

both intra and inter-rater reliability for the
composite BASRI scores (BASRI-spine and
BASRI-total) were good to perfect in our
study. Additionally, the reliability of the BAS-
RI-hip was also good to perfect in agreement
with the previous researches10,15,25.

In this study, the mean time spend to sco-
re a set of radiographs according to BASRI-
spine was <45 seconds, whereas this time
was >60 seconds for both the SASSS and mo-
dified-SASSS. Similarly, previous studies
have reported that SASSS takes more time

than the BASRI method27. Calin et al10 reported that
the mean time taken to score the BASRI-total was
less than 30 seconds. To maintain simplicity, BAS-
RI does not pick up minor radiologic change inclu-
ding erosion, squaring and sclerosis. The score re-
mains at grade 2 until fusion between 2 vertebrae
or the presence of  more than 3 syndesmophytes
is identified12. Another advantage of the BASRI me-
thod may be the inclusion of hip joints. Hip dise-
ase affects 18-37% of the AS population28 and is as-
sociated with a more severe outcome29. Using the
SASSS or modified-SASSS, which are more detai-
led methods, is time-consuming with respect to
BASRI. However, the modified-SASSS has been
identified as the most sensitive radiological me-
thod for the evaluation of chronic spinal changes
in AS23,30,31. These scoring methods were compared
by a group of international experts using criteria
developed by the outcome measures in rheumato-
logy clinical trials (OMERACT). They found that
SASSS and modified-SASSS were more sensitive
than BASRI to detect changes at the spine over a 4-
year follow-up. The changes were detected at the
lumbar spine in 18% of patients according to BAS-
RI method, in 46% according to SASSS and in 43%
according to modified-SASSS. Change were detec-
ted at the cervical spine in 23% of patients accor-
ding to BASRI method and in 41% according to
modified-SASSS. SASSS method, which does not
include cervical spinal changes, omits a high per-
centage of patients who show progression in the
cervical spine over a 4-year period. Therefore, the
modified-SASSS is more preferable than the
SASSS31,32.

Unlike rheumatoid arthritis, radiologic progres-
sion in AS appears to proceed quite slowly. At least
2 years of follow up is required to sensitively detect
spinal changes according to BASRI and SASSS10,12,15.

Discussion

Structural damage of the spine, such as vertebral
squaring, bony erosions, sclerosis, syndesmo-
phytes and ankylosis, is a hallmark of AS. The use
of a standardized scoring system for spinal radio-
graphs allows quantification of damage as a mea-
surable outcome for both natural course of the di-
sease and clinical trials. Currently various radiolo-
gical scoring methods have been validated and
used as outcome measures in AS22-24. Any measure
that documents disease outcome needs to be re-
liable and sensitive to change. Additionally, it must
be valid, easy and practical to use in daily clinical
practice. This study results confirmed that availa-
ble radiological scoring methods, including SASSS,
modified-SASSS, BASRI-spine, BASRI-hip and
BASRI-total, have substantial to perfect intra and
inter-rater reliability.

The developers of the SASSS method found a
good inter-rater reliability but, unexpectedly, poo-
rer intra-rater reliability11. Spoorenberg et al25 re-
ported perfect intra and inter-rater reliability for
both the SASSS and modified-SASSS scores, with
ICC between 0.92 and 0.98. Similarly, both intra
and inter-rater reliability of the SASSS scores were
almost perfect in our study. The main problem for
SASSS method is the difficulty for scoring the pos-
terior site of the lumbar spine. We also found rela-
tively poorer reliability scores for the posterior site
than anterior site of the lumbar spine. Additionally,
it should be emphasized that inclusion of the cer-
vical spine in the modified-SASSS gathers impor-
tant information. MacKay et al26 presented data on
the involvement of the cervical spine in a group of
470 patients with AS, 43% of whom showed invol-
vement of both  cervical and lumbar spine, and 8%
showed changes only at the cervical, but not at the

Table II. Inter-and intra-rater reliability of the scoring
methods (p<0.0001 for all values)

Inter-rater Intra-rater
ICC 95% CI ICC 95% CI

BASRI-spine 0.89 0.59-0.96 0.94 0.82-0.98
BASRI-total 0.83 0.56-0.93 0.93 0.78-0.98
SASSS 0.89 0.19-0.97 0.98 0.95-0.99
modified-SASSS 0.86 0.03-0.97 0.97 0.91-0.99

BASRI: Bath Ankylosing Spondylitis Radiology Index; SASSS: Stoke Ankylosing
Spondylitis Spine Score; ICC: Intraclass Correlation Coefficient.
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Evaluation of radiographs with an interval of one
year does not seem to be useful10,17. The radiation
exposure is an important disadvantage of the all ra-
diological scoring methods. BASRI method requi-
res an anteroposterior view of the lumbar spine
which increases the radiation exposure. Taking ra-
diographs with an interval more than 2 years seems
to be reasonable and may reduce the risk of radia-
tion. Lack of facet joint examination may be ano-
ther limitation of BASRI and SASSS methods. Ac-
cording to these methods, a patient with only fu-
sion of posterior elements would have low radio-
logic scores despite severe spinal involvement. On
the other hand, it must be emphasized that the
posterior spinal elements are difficult to evaluate
even by an experienced musculoskeletal radiolo-
gist. Additionally, none of these scoring systems
evaluates the thoracic spine, where specific anato-
mic features and superimpositions complicate ra-
diologic evaluation. 

Both BASRI and SASSS methods are significantly
correlated with other outcome measures such as
the Bath Ankylosing Spondylitis Metrology In-
dex3,23,33. Additionally, the modified-SASSS and the
BASRI-spine scores were shown to be correlated
well with each other23.

Conclusions

Radiological scoring methods remain important
outcome measures in AS. There are essentially
three different scoring methods: BASRI, SASSS and
the modified-SASSS. With a training period, all of
these methods have substantial to perfect intra and
inter-rater reliability. BASRI is a global scoring me-
thod that is easy to perform and time conservati-
ve. The modified-SASSS is more preferable than
SASSS, because it includes the cervical spine. Us-
ing SASSS or modified-SASSS is time consuming;
however, these detailed methods are more sensi-
tive to change.
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