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Magnetic Resonance Imaging Assessment of Spinal
Inflammation in Patients Treated for Ankylosing
Spondylitis
MARCUS TREITL, MARKUS KORNER, CHRISTA BECKER-GAAB, MALTE TRYZNA, JOHANNES RIEGER,
KLAUS-JUERGEN PFEIFER, MAXIMILIAN F. REISER, and STEFAN WIRTH

ABSTRACT. Objective. To compare different magnetic resonance imaging (MRI) based algorithms for assessment of
spinal inflammation in patients with ankylosing spondylitis (AS) being treated with disease modifying
drugs.
Methods. Eleven patients (10 men, 1 woman) who fulfilled modified New York diagnostic criteria and
had severe disease [Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) > 4] were given
intravenous infusion of infliximab (Remicade®, 5 mg/kg) for 96 weeks. Whole-spine MRI was done at
0, 24, and 54 weeks. Measurements of the Ankylosing Spondylitis Spinal MRI Activity Score
(ASspiMRI), paravertebral inflammatory lesion count (pILC), contrast:noise ratio (CNR) measure-
ments of defined inflammatory lesions, and other scores together with C-reactive protein concentration
were made at each visit. Examinations were anonymized and randomly presented twice to 2 radiolo-
gists. The significance of any changes in scores, their correlation with the BASDAI, and interobserver
and intraobserver correlations were calculated.
Results. The mean (± SD) BASDAI improved from 7.2 (± 1.5) to 1.3 (± 0.9) after 54 weeks (p < 0.001),
and the ASspiMRI score improved from 12.0 (± 8.0) to 0.2 (± 0.5) (p < 0.001). Correlations between
ASspiMRI score and BASDAI were 0.831, 0.746, and 0.369 (p < 0.001 each). The pILC improved sig-
nificantly (p < 0.01). CNR showed no correlation with any clinical score.
Conclusion. The ASspiMRI score performed best for assessment and quantification of spinal inflam-
mation and disease activity in patients with AS, but should also quantify paravertebral inflammatory
lesions, since we could show that this will significantly improve its correlation to clinical scores and
increase its sensitivity to mild inflammatory processes. (First Release Dec 1 2007; J Rheumatol
2008;35:126–36)
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Ankylosing spondylitis (AS) is a chronic rheumatic disease
characterized by axial skeletal ankylosis, enthesitis1,2, periph-
eral arthritis, and expression of the HLA-B27 molecule3,4. It
is one of the most common rheumatic diseases and the main
constituent of the spondyloarthritides. The disease predomi-
nantly affects young men during the third decade5; the
male:female ratio is 3:1. The key clinical features are inflam-
matory back pain, sacroiliitis6,7, and spondylitis, in the course
of which inflammation progresses to formation of new bone,
and ankylosis is common6,8. For a long time it was considered
to be a relatively benign form of arthritis9, but we now know
that it causes degrees of pain and disability similar to rheuma-

toid arthritis10, and that many patients have severe inflamma-
tory symptoms even decades after diagnosis11-13. There is
therefore a great demand for an effective antiinflammatory
treatment that will prevent the progression of spinal lesions
and ankylosis14, and for imaging techniques that will identify
and quantify both the state of disease and the therapeutic
effects early and reliably15.

New disease modifying drugs such as infliximab
(Remicade®) and etanercept (Enbrel®), both of which act by
differential blockade of tumor necrosis factor-α (TNF-α),
have the potential to alter the course of the disease apprecia-
bly; several clinical trials have shown that their antiinflamma-
tory effect is considerable16-19 and they are able to reduce the
formation of new bone and the risk of ankylosis20,21. For the
first time we have drugs that can slow the progression of axial
disease in these patients13.

However, we still need a technique that will quantify the
course of morphological and inflammatory changes in bones,
joints, and soft tissue to objectively assess the effects of these
drugs22. For decades, plain radiographs were used to detect
inflammatory and bony lesions23, but attempts to introduce a
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reliable score for the quantification of improvements failed
because of the lack of sensitivity to change24,25.

In contrast, native and contrast-enhanced magnetic reso-
nance imaging (MRI) of the spine permits not only documen-
tation of late stages of the disease, but also depiction of early
inflammatory lesions, because it gives excellent soft-tissue
contrast26-28. It would therefore be an ideal tool for the mor-
phological and quantitative assessment of improvements29-31.

Braun, et al recently developed the Ankylosing Spondylitis
Spinal MRI Activity and Chronicity Score (ASspiMRI) for
quantitative assessment of acute and chronic changes in the
spine of patients with AS15,22, which is good for assessing
acute inflammation, but gives only acceptable correlation with
clinical improvement as assessed by the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI)15,32,33. It
assesses changes in vertebral bodies but does not detect par-
avertebral inflammatory lesions. We know from experience
that some patients may have only paravertebral inflammation,
with none in the vertebral body itself, so this will lead to inval-
idation of the score, and probably explains the unexpectedly
mediocre performance of this instrument. MRI of the spine
offers not only the possibility of depicting structural changes
but also of quantifying contrast enhancement and calculating
alterations in signal. These features are also not covered by the
ASspiMRI.

MRI may play a critical part in fast and early assessment of
structural and inflammatory changes at the spine in these
patients, so there is an increasing demand for a reliable, vali-
dated score. We evaluated and compared several contemporary
algorithms and scores for MRI-based assessment of spinal
inflammation in patients with AS, particularly the ASspiMRI
activity score, to show possible improvement by considering
paravertebral inflammatory lesions and measurements of sig-
nal:noise ratio (SNR) and contrast:noise ratio (CNR).

MATERIALS AND METHODS
Eleven patients (10 male, 1 female) who fulfilled the modified New York clas-
sification criteria for AS23 and had active disease as defined by a BASDAI34
score > 4 and spinal pain ≥ 4 recorded on a visual analog scale (VAS) were
studied. The mean age was 37 years (range 24–50) (Table 1). Because results

of the evaluation of the ASspiMRI activity score had to be comparable with
those of other publications that used this score, the study protocol was adopt-
ed from the first publication of the ASspiMRI activity score by Braun, et al15.

Randomization was double-blind, and patients were allocated to one of 2
groups. The first group received a placebo infusion at Weeks 0, 2, 6, 12, and
18; then they received an infusion of infliximab 5 mg/kg intravenously
(Remicade®; Centocor Inc., Horsham, PA, USA) at Weeks 24, 26, 30, 36, 42,
48, and 54 until Week 96. The second group received an infliximab infusion
5 mg/kg intravenously at weeks 0, 2, 6, 12, 18, 24, 26, 30, 36, 42, 48, 54, 60,
66, 72, 78, 84, 90, and 96. Because the first (placebo) group received inflix-
imab after 18 weeks, and since only 2 patients were in this group, we evalu-
ated all patients as one group. Patients had clinical examination and MRI
before the first infusion of infliximab and at Weeks 24, 54, and 102. At each
visit the BASDAI, Bath AS Metrology Index (BASMI) and Bath AS
Functional Index (BASFI), C-reactive protein (CRP) concentrations, and VAS
for night pain were recorded by an experienced rheumatologist. In addition the
Maastricht Ankylosing Spondylitis Enthesitis Score (MASES) was applied.
The mean score was 22.1 at Week 0. Unfortunately, no followup data for this
score were available. At Week 0 plain radiographs of the whole spine and the
sacroiliac joints were screened for radiographic features of AS by 2 experi-
enced radiologists by consensus (Table 1). Eight of the patients had signs of
sacroiliitis, with a mean degree of 2.61 according to the New York scoring
method for the sacroiliac joints (0 = no abnormalities; 1 = suspicious changes
but no specific abnormalities; 2 = minimal sacroiliitis, loss of definition at the
edge of the sacroiliac joints, some sclerosis and perhaps minimal erosions, and
perhaps some joint space narrowing; 3 = moderate sacroiliitis, definite sclero-
sis on both sides of the joint, blurring and indistinct margins, and erosive
changes with loss of joint space; 4 = complete fusion or ankylosis of the
sacroiliac joint without any residual sclerosis; Table 1). Ankylosis of the spine
or the sacroiliac joints was found in only one (9.1%; Table 1).

Written informed consent for participation in the study was obtained from
all patients. The study was approved by the local research ethics committee
of the university hospital, and complied with the Declaration of Helsinki.
MRI of the spine. MRI was taken at 1.5 Tesla (Magnetom Vision, Siemens
Medical Solutions, Erlangen, Germany) with a dedicated spine coil. To show
the whole spine, 2 distinct examinations were required with a standard inter-
val of 2 days. The cervical and thoracic spines were examined at the first ses-
sion, the lumbar spine at the second. For each region 3 pulsed sequences were
obtained in the sagittal plane: T1-weighted before and T1-weighted fat-satu-
rated after Gd-DTPA (0.1 mmol/kg; Schering, Berlin, Germany) and a short-
tau inversion recovery (STIR) sequence (Table 2). To simplify comparison of
examinations of different timepoints, high-intense MRI markers (MR-
SPOTS®; Beekley Corp., Bristol, CT, USA) were attached to patients’ skin at
the position of the second cervical, the eighth and tenth thoracic, and the first
sacral vertebral body. Because ASspiMRI activity scores had already reached
zero values at Week 54, only examinations at Weeks 0, 24, and 54 were
included in the results.

Table 1. Baseline characteristics of the study population (n = 11).

Median age (range), yrs 37 (24–50)
Male:female, n 10:1
Median duration of disease (range), yrs 10.3 (1.6–18.9)
No. HLA-B27-positive* 10
Mean CRP level at screening (range), IU/ml 29.6 (8–99)
No. patients with involvement of peripheral joints 1
MASES score 22.2 (2–36)
No. patients with radiographic sacroiliitis 8
Mean degree of sacroiliitis (determined radiographically, range) 2.61 (1–4)
No. patients with ankylosis of the spine, or sacroiliac joints, or both 1
Mean BASDAI at screening (range) 6.8 (4.3–8.9)
Mean weight at screening (range) kg 84.6 (59–100)

* Test positive if titer ≥ 100 IU/ml. MASES: Maastricht Ankylosing Spondylitis Enthesitis Score; BASDAI:
Bath AS Disease Activity Index.
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Reading the radiographs. After completion of the study the MR images were
presented to 2 experienced radiologists. Images were presented randomly, and
the readers were unaware of patients’ names, date of examination, clinical his-
tory, and each others’ opinions. To assess the intraobserver correlation each
radiologist had to read all MRI examinations twice. There was an interval of
8 weeks between the 2 sessions.
MRI scoring with ASspiMRI. MR images were analyzed using the ASspiMRI
activity score15,22,23. The ASspiMRI chronicity score was abandoned because
it assessed only irreversible lesions that could not be altered by a disease mod-
ifying drug, and needed longer observation periods to detect even minor
changes. In addition only one patient of the study group had ankylosis on
plain radiographs (Table 1). Disease activity was assessed by contrast
enhancement in T1-weighted images after injection of Gd-DTPA, and bone
edema in the corresponding STIR sequence. For application of the ASspiMRI
activity score the spine was divided into 23 vertebral units between the mid-
dle of the second cervical and the middle of the first sacral vertebral body.
One unit was defined as the region between 2 virtual lines through the mid-
dle of each vertebral body15,22,23. The maximum possible ASspiMRI activity
score was 138, as each vertebral unit was graded as follows: 0 = normal; 1 =
enhancement/edema ≤ 25%; 2 = enhancement/edema ≤ 50%; 3 = enhance-
ment/edema ≥ 50%; 4 = small erosion ≤ 25%; 5 = erosion > 25% < 50%;
and 6 = large erosion ≥ 50%.
Assessment of paravertebral lesions. Because the ASspiMRI activity score
grades only lesions in the vertebral body itself, we examined 3 additional,
anatomically exactly definable, paravertebral regions to assess paravertebral
inflammatory processes. The regional allocation was based on 10 years’ expe-
rience in evaluation of spinal MRI in patients with AS. The following par-
avertebral units were defined: spinal processes of C2 to S1 (SP), small inter-
vertebral joints of C2 to S1 (SIJ), and costovertebral joints of T1 to T12
(CVJ). Each unit comprises a strip 1 cm wide of surrounding soft tissue, and
the presence (= 1) or absence (= 0) of inflammatory processes was assessed
and the results of all sites were summed, giving a maximum score of 116 for
the total count. In addition, simple modifications were made to the ASspiMRI
activity score by inclusion of the numbers of affected paravertebral units.
Assessment of changes by enhancement with contrast media. To evaluate the
influence of changes in the SNR and CNR of defined inflammatory lesions on
clinical improvements, we defined a representative contrast-enhanced verte-
bral or paravertebral lesion and evaluated it at followup. We measured the sig-
nal intensity within this lesion and a reference lesion in unaffected bone mar-
row in T1-weighted fat-saturated contrast-enhanced images using a standard
and reproducible region of interest with the standard tools of the picture
archive and communication system (PACS; Impax R4.1, Agfa Gevaert
GmbH, Cologne, Germany). The region of interest was set in the slice with
the greatest extent of the lesion. The values for signal intensity and noise of
the representative and reference lesions were used to calculate the SNR and
CNR by the following formula:

SNR = signal intensity of lesion/noise
CNR = (signal intensity of lesion – signal intensity of bone marrow)/noise

Statistical analysis. For statistical analyses SPSS 15.0® was used (SPSS,
Chicago, IL, USA). For each timepoint (weeks 0, 24, and 54) the difference
of BASDAI, BASFI, BASMI, CRP, night pain VAS, ASspiMRI, paravertebral
inflammatory lesion count, SNR, and CNR was calculated, and the statistical
significance of differences determined using Wilcoxon’s signed-rank test for
2 paired samples (analysis of improvement over time) and Friedman’s 2-way
analysis of variance for paired samples (for all 3 timepoints at once). Changes
in ASspiMRI activity score, paravertebral inflammatory lesion count, SNR,
and CNR were correlated with BASDAI as an indicator of clinical improve-
ment and CRP concentrations as an indicator of inflammatory reaction by
multiple linear regression analyses and calculation of Pearson’s correlation
coefficient r. The statistical 2-sided significance of the calculated correlation
is expressed as p values at a level of significance of 0.01. Interobserver and
intraobserver correlation was assessed by intraclass correlation analyses for
all 3 timepoints. In addition, intraobserver correlation was evaluated graphi-
cally by Bland-Altman plots. The mean values of the results of both readers
are graphed against the difference, and the mean value and 2-fold standard
deviation are marked. Scattering of data points around the mean value corre-
lates with the broadness of interobserver variability.

RESULTS
Clinical scores after 54 weeks of intermittent intravenous
infliximab therapy. All patients completed the study protocol
until Week 54, including all followup examinations. The mean
BASDAI score at Week 0 was 7.2 (± 1.5) (Table 3, Figure 1).
There was a significant decrease in the mean BASDAI score
to 1.3 (± 0.9) until Week 54 (p < 0.001). The reduction in
BASDAI score between Weeks 24 and 0 was significant (p <
0.001) as was that between Weeks 54 and 0 (p < 0.001), but
not that between Weeks 54 and 24 (p < 0.065; Table 3). There
was a slight delay in clinical improvement for the 2 patients of
the placebo group until Week 24 (data not shown), which was
equalized by Week 54.

Values for the BASFI score decreased from 5.6 (± 1.1) at
the start to 1.8 (± 1.1; p < 0.001) until Week 54. Again the
improvements over time were significant between Weeks 24
and 0 (p < 0.001) and between Weeks 54 and 0 (p < 0.001),
but were less significant between Weeks 54 and 24 (p <
0.022). In contrast, there was only a minor and statistically

Table 2. Characteristics of pulse sequences used for spinal MRI. MRI of the upper and lower part of the spine
were done within 2 days using the same scanner. Mean duration of examinations was 20 minutes (range 18–25).

Upper Spine (C2–T10) Lower Spine (T8–S1)
Sequence TSE T1w STIR TSE T1w fat sat TSE T1w STIR TSE T1w fat sat

without with Gd-DTPA without with Gd-DTPA
Gd-DTPA Gd-DTPA

Plane Sagittal Sagittal Sagittal Sagittal Sagittal Sagittal
Field of view41 34–38 34–38 34–38 34–38 34–38 34–38
Matrix size, pixels 512×256 512×256 512×256 512×256 512×256 512×256
TE, ms 15 45 15 15 45 15
TR, ms 650 4000 650 650 4000 650
TI, ms — 150 — — 150 —
Slice thickness, mm 3/0 3/0 3/0 3/0 3/0 3/0

TSE: turbo spin-echo; STIR: short-tau inversion recovery; T1w: T1-weighted; Fat sat: fat saturated.
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Table 3. Mean change and statistical significance of measured changes for clinical and MRI scores and for paravertebral units and signal:noise ratios (SNR)
and contrast:noise ratios (CNR) of selected regions. Data for Week 0 do not include individuals from the placebo group (n = 2).

Week 0 Week 24 Week 54
Mean ± SD Mean ± SD Week p* Mean ± SD Week p* Week p* Friedman

24–0, % 54–24, % 54–0, % p**

Clinical scores
BASDAI 7.2 ± 1.5 2.3 ± 1.7 68.1 < 0.001 1.3 ± 0.9 43.5 < 0.065 81.9 < 0.001 < 0.001
BASFI 5.6 ± 1.1 2.6 ± 1.6 53.6 < 0.001 1.8 ± 1.1 30.8 < 0.022 67.9 < 0.001 < 0.001
BASMI 4.2 ± 1.9 3.5 ± 2.0 16.7 < 0.063 3.5 ± 2.0 0.0 < 1.000 16.7 < 0.063 < 0.167
Night pain VAS 6.6 ± 2.9 2.7 ± 2.9 59.1 < 0.016 0.6 ± 0.7 77.8 < 0.008 90.9 < 0.001 < 0.001
CRP 29.5 ± 25.6 12.1 ± 31.7† 59.0 < 0.021 0.5 ± 0.4 95.9 < 0.001 98.3 < 0.001 < 0.001

MRI score
ASspiMRI activity 12.0 ± 8.0 3.9 ± 4.8 67.5 < 0.001 0.2 ± 0.5 94.9 < 0.001 98.3 < 0.001 < 0.001
score

ROI:SNR/CNR
SNR 9.9 ± 3.6 7.8 ± 3.4 21.2 < 0.001 5.5 ± 2.6 29.5 < 0.062 44.4 < 0.002 < 0.002
CNR 4.3 ± 2.4 1.3 ± 2.5 69.8 < 0.001 –0.8 ± 1.1 38.5 < 0.001 81.4 < 0.001 < 0.001

Paravertebral lesion counts
Total for all regions 28.4 ± 2.8 7.3 ± 1.6 74.3 < 0.002 0.7 ± 0.3 90.4 < 0.016 97.5 < 0.001 < 0.001
Spinal processes 2.5 ± 2.3 0.5 ± 1.3 80.0 < 0.004 0.2 ± 0.6 60.0 < 0.25 92.0 < 0.002 < 0.001
Small intervertebral 1.7 ± 2.5 0.4 ± 0.9 76.5 < 0.031 0.0 ± 0.0 100.0 < 0.25 100.0 < 0.016 < 0.004
joints
Costovertebral joints 2.9 ± 3.5 0.9 ± 2.4 69.0 < 0.008 0.0 ± 0.0 100.0 < 0.125 100.0 < 0.008 < 0.001

CRP: C-reactive protein. ROI: region of interest. * Exact significance, Wilcoxon signed-rank test. ** Exact significance, Friedman 2-way analysis of vari-
ance. † One patient presented unexpected high CRP levels at first followup due to acute influenza.

Figure 1. Time course of mean changes of clinical and MRI scores and CRP levels, and the count of vertebral and par-
avertebral lesions.
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nonsignificant (p < 0.167) improvement of the BASMI from
4.2 (± 1.9) at study start to 3.5 (± 2.0) at Week 54 (Table 3).

A good response to infliximab was seen with night pain as
assessed by VAS and with CRP levels. Both values did show
a statistically significant decrease from 6.6 (± 2.9) and 29.5 (±
25.6) to 0.6 (± 0.7) and 0.5 (± 0.4), respectively (p < 0.001
each). For both these values the improvement over time was
statistically significant at each timepoint (Table 3, Figure 1).
Two of 11 patients (18.2%) had severe disease as indicated by
high BASDAI levels > 8, but did not exhibit any inflammato-
ry lesion at the vertebral bodies. ASspiMRI activity score was
≤ 2, consecutively (Figure 2). In these 2 cases, regions of
inflammation were detected at the spinal processes only.

Evaluation of the ASspiMRI activity score
For 54 weeks of infliximab therapy and statistical evaluation.
The ASspiMRI activity score was determined twice by both
readers for all patients. Mean score at the start was 12.0 (±
8.0) and decreased to 0.2 (± 0.5) at Week 54. This shift was
significant in total (p < 0.001) as well as for each improve-
ment over time (p < 0.001 each; Table 3).

Correlation to BASDAI clinical score. The decrease of
ASspiMRI activity score was correlated to clinical improve-
ment as assessed by BASDAI score (Table 4, Figure 3). The
correlation coefficient r of changes in ASspiMRI activity
score and BASDAI scores was 0.831 between Weeks 24 and
0 (p < 0.001), 0.746 between Weeks 54 and 24 (p < 0.001),
and 0.369 between Weeks 54 and 0 (p < 0.001).
Correlation to CRP levels. Values of the ASspiMRI activity
score were correlated to CRP levels as well (Table 4, Figure
3). The correlation coefficient of changes in ASspiMRI activ-
ity score and CRP levels was 0.675 between Weeks 24 and 0
(p < 0.023), 0.414 between Weeks 54 and 24 (p < 0.205), and
0.636 between Weeks 54 and 0 (p < 0.036).
Interobserver and intraobserver correlation. Interobserver
and intraobserver correlation was calculated for all data sets of
the ASspiMRI activity score for both readers and each time-
point (Table 5). There were high values for the interobserver
correlation at all timepoints (0.856, 0.924, and 0.751, respec-
tively). Evaluation of interobserver correlation by Bland-
Altman plots showed acceptable scattering around the mean
value for all timepoints, and no outliers (Figure 4).

Figure 2. MRI of thoracic spine in the sagittal plane of a patient with inflammation exclusively in the paravertebral soft tissue at the
spinal process (arrow), but with no inflammatory change at the vertebral bodies at Week 0. BASDAI was 8.9 and ASspiMRI activity
score was 2. A. STIR sequence shows bone marrow edema at the spinal process. B. T1-weighted sequence before Gd-DTPA was given;
C. T1-weighted sequence after Gd-DTPA, with strong contrast enhancement at the spinal process and the surrounding soft tissue as a
result of acute inflammation (white arrows).
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Intraobserver variability presented significant values with
0.934 at Week 0, 0.927 at Week 24, and 0.709 at Week 54
(Table 5).

Evaluation of SNR and CNR
For 54 weeks of infliximab therapy and statistical evaluation.
The SNR of a representative inflammatory lesion and the

Table 4. Results of multiple linear regression analyses for ASspiMRI activity score, measurements of signal:noise ratios (SNR) and contrast:noise ratios
(CNR) of selected lesions, and for count of paravertebral lesions to changes of BASDAI score and C-reactive protein (CRP) concentration. In addition, sim-
ple modifications of ASspiMRI activity score by addition of the paravertebral lesion counts were tested, resulting in a significant increase of correlation to
clinical scoring and CRP levels. P values present 2-sided significance of r.

Week 24–0 Week 54–24 Week 54–0
Correlation SE p Correlation SE p Correlation SE p

Coefficient, r Coefficient, r Coefficient, r

Target correlation (reference)
ASspiMRI vs BASDAI 0.831 3.21 < 0.001 0.746 1.79 < 0.001 0.369 0.89 < 0.001
ASspiMRI vs CRP 0.675 6.93 < 0.023 0.414 4.76 < 0.205 0.636 7.86 < 0.036

ROI: SNR and CNR change
SNR vs BASDAI 0.441 3.46 < 0.032 0.489 3.62 < 0.016 0.310 3.40 < 0.032
CNR vs BASDAI 0.248 2.07 < 0.016 0.503 1.76 < 0.008 0.431 1.92 < 0.016

Isolated examination of paravertebral lesion counts
TC vs BASDAI 0.364 3.21 < 0.016 0.204 2.45 < 0.002 0.146 1.13 < 0.002
SP vs BASDAI 0.534 1.82 < 0.002 0.400 0.78 < 0.004 0.431 0.49 < 0.008
SIJ vs BASDAI 0.129 2.35 < 0.023 0.124 0.97 < 0.008 0.098 0.58 < 0.016
CVJ vs BASDAI 0.046 2.20 < 0.034 0.116 1.12 < 0.016 0.151 0.832 < 0.016

Modification of ASspiMRI by paravertebral lesion counts
(ASspiMRI + TC) vs BASDAI 0.398 8.73 < 0.016 0.717 3.71 < 0.008 0.612 1.69 < 0.016
(ASspiMRI + SP) vs BASDAI 0.935 2.56 < 0.001 0.887 1.39 < 0.001 0.636 1.12 < 0.001
(ASspiMRI + TC) vs CRP 0.716 9.03 < 0.013 0.289 5.05 < 0.388 0.745 8.94 < 0.009
(ASspiMRI + SP) vs CRP 0.802 6.93 < 0.009 0.535 5.27 < 0.032 0.856 5.23 < 0.001

ROI: region of interest; TC: total paravertebral lesion count for all regions; SP: spinal processes; SIJ: small intervertebral joints; CVJ: costovertebral joints.

Figure 3. Linear regression analyses of correlation between changes in ASspiMRI activity score (A to C) and modified ASspiMRI (D to F) with BASDAI clini-
cal score between Weeks 24 and 0 (A, D), Weeks 54 and 24 (B, E), and Weeks 54 and 0 (C, F). delta: difference between values for the weeks indicated.
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Table 5. Interobserver and intraobserver correlation of ASspiMRI activity score, paravertebral lesion count, and
measurements of contrast:noise ratio (CNR) for both readers expressed as intraclass correlation (ICC) for all 3
timepoints.

Week 0 Week 24 Week 54
ICC p ICC p ICC p

Interobserver correlation
ASspiMRI activity score 0.856 < 0.001 0.924 < 0.001 0.751 < 0.003
Paravertebral lesion count 0.934 < 0.001 0.956 < 0.001 0.857 < 0.001
CNR 0.817 < 0.01 0.672 < 0.01 0.656 < 0.01

Intraobserver correlation
ASspiMRI activity score 0.934 < 0.001 0.927 < 0.001 0.709 < 0.001
Paravertebral lesion count 0.941 < 0.001 0.947 < 0.001 0.908 < 0.001
CNR 0.631 < 0.001 0.451 < 0.001 0.386 < 0.01

Figure 4. Bland-Altman plots illustrate interobserver variability for the results of ASspiMRI activity score (row A), measurements of contrast:noise ratio (CNR)
(row B), and paravertebral lesion counts (row C) of both readers. Plots compare the results of 2 different readers and show scattering around the mean value. Center
line marks the mean value, broken lines the standard deviation. Since values for ASspiMRI and the paravertebral lesion count (pVU) go to zero in Week 54, fewer
than 11 dots are visible. Broad scattering around the mean value correlates with a larger interobserver variability. Scattering around the mean value is least for par-
avertebral lesion counts; this newly established variable therefore has considerable interobserver reproducibility. For ASspiMRI activity score, scattering was
slightly increased, and was unacceptably high for measurements of CNR.
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CNR of this lesion in contrast to unaffected bone marrow was
determined twice by both readers for all patients. Application
of SNR and CNR measurements took 10.1 minutes on aver-
age, including calculation of values. The mean SNR at study
start was 9.9 (± 3.6), which decreased slightly to 5.5 (± 2.6) at
Week 54. The mean CNR at study start was 4.3 (± 2.4), which
decreased to –0.8 (± 1.1) at Week 54. Both decreases were sig-
nificant (p < 0.002 and p < 0.001; Table 3). Although for CNR
even the improvements over time were significant (p < 0.001
each), they were not significant for the SNR between Weeks
54 and 24 (p < 0.062).
Correlation to BASDAI clinical score. The correlation coeffi-
cient of changes in SNR and BASDAI scores was 0.441
between Weeks 24 and 0 (p < 0.032), 0.489 between Weeks 54
and 24 (p < 0.016), and 0.310 between Weeks 54 and 0 (p <
0.032; Table 4, Figure 3). Similar values could be obtained for
the CNR (0.248, p < 0.002; 0.503, p < 0.008; and 0.431, p <
0.016).
Interobserver and intraobserver correlation. These were cal-
culated for the CNR only, since this value promised better cor-
relation to clinical scores than the SNR. Results are shown in
Table 5 and Figure 4.

Influence of paravertebral lesion count
For 54 weeks of infliximab therapy and statistical evaluation.
The paravertebral lesion count was evaluated for each
anatomical structure separately and as the total of lesions of
all 3 regions (Table 3). Each reader evaluated all 3 regions
twice for each patient and timepoint. Readers reported no
problems for the implementation of this scoring method.
Assessment of total paravertebral lesion count lasted 4.3 min-
utes on average. The mean paravertebral lesion count at study
start was 28.4 (± 2.8), and it decreased significantly to 0.7 (±
0.3) at Week 54 (p < 0.001). When each region was evaluated
separately, the highest lesion count at study start was detected
at both the spinal processes and the costovertebral joints (2.5
and 2.9; Table 3). For all paravertebral regions a statistically
significant decrease of inflammatory lesions was detected
until Week 54 (Table 3). For each region there was only a
slight improvement between Week 54 and Week 24 (p < 0.25
and p < 0.125).
Correlation to BASDAI clinical score. The correlation of the
total and regional paravertebral lesion count is shown in Table
4. There was only a poor correlation for the total paravertebral
lesion count and for the lesion count at the costovertebral and
small intervertebral joints, and a good correlation for the
inflammatory lesion count at the spinal processes (0.534, p <
0.001, between Weeks 24 and 0; 0.400, p < 0.004, between
Weeks 54 and 24; 0.431, p < 0.008, between Weeks 54 and 0;
Table 4, Figure 3).
Interobserver and intraobserver correlation. For ASspiMRI
activity score the interobserver and intraobserver correlation

of the total and regional paravertebral lesion count showed
excellent values > 0.86 and > 0.91, respectively (Table 5).
Since no significant differences between the total paraverte-
bral lesion count and the regional lesion count could be detect-
ed, Figure 4 illustrates results only for the total count.

Evaluation of simple modifications of the ASspiMRI activity
score
Since correlation of the ASspiMRI activity score to BASDAI
score was good but not provable, simple modifications should
be tested for a better or more reliable assessment of inflam-
matory activity in correlation to clinical improvements. For
this purpose, both the CNR and paravertebral lesion count
could be suitable. However, CNR (and SNR) measurements
delivered only poor and statistically not reliable correlations
to BASDAI score (data not shown) and therefore only the par-
avertebral lesion count was used to establish easily applicable
modifications of the ASspiMRI activity score.

All paravertebral lesion counts (total and regional counts)
were combined with ASspiMRI activity score in different
ways (data not shown), but only simple addition of the par-
avertebral lesion count at the spinal processes to the
ASspiMRI activity score was found to lead to a slight
improvement of the correlation to BASDAI score and CRP
levels, respectively (Table 4). In particular, the modified score
correlated to BASDAI, with r = 0.935 (instead of 0.831 for the
unmodified ASspiMRI activity score) between Weeks 24 and
0, r = 0.887 (instead of 0.746 for unmodified ASspiMRI activ-
ity score) between Weeks 54 and 24, and r = 0.636 (instead of
0.369 for unmodified ASspiMRI activity score) between
Weeks 54 and 0. Correlation to CRP levels could be increased
to r = 0.802 (instead of 0.675 for unmodified ASspiMRI activ-
ity score) between Weeks 24 and 0 and to r = 0.856 (instead
of 0.636 for unmodified ASspiMRI activity score) between
Weeks 54 and 0.

DISCUSSION
When considering current imaging techniques for their ability
to show active inflammatory states of AS and late chronic
damage at the same time, native and contrast-enhanced MRI
of the spine are the only comprehensive tools that will meet
both demands32,33,35,36 because of the excellent soft-tissue
contrast and acceptable morphological depiction of bones26-28.
Braun and Baraliakos and colleagues recently investigated the
influence of MRI on the management of patients with early
and late-stage AS15,29-33,37-39. They focused not only on opti-
mizing examination variables33, but also on developing a
promising score for exact quantification of the extent and
activity of disease and chronic damage to the spine15. Because
attempts to introduce a reliable radiographic score for quan-
tification of the extent and activity of AS (such as BASRI)
have failed25,40, this new score may for the first time close the
gap, particularly as MRI is today widely available. We think
that a reliable, well tested MRI score has the potential to con-
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siderably improve the quality and utility of MRI in the man-
agement of patients with AS and therefore requires multicen-
ter investigation. The ASspiMRI activity score is the only
scoring method that meets these demands and is worthy of
further investigation to improve it for routine practice.

However, new scoring methods have limitations. First,
their reliability has never been independently examined and
so all previous reports may be biased. Second, we must allow
that the ASspiMRI score specifically comprises only inflam-
matory and chronic lesions of the vertebral body, with no
attention to other important joints of the spine such as the cos-
tovertebral and intervertebral joints and the spinal processes.
Some patients may have inflammatory lesions only in these
places, so this score can produce false-negative results, which
might be a possible explanation for, in some cases, only small
correlation with clinical changes. Third, it relies on simple
imaging of features of the disease. Modern computer systems
offer the opportunity to measure changes electronically, which
might be more precise in the quantification of inflammatory
activity. Our study was done to address these limitations and
compare several contemporary algorithms and scores to find
possible further improvements and to compare their perform-
ances with each other, because of the increasing demand for a
reliable MRI-based score of activity of spinal inflammatory
disease.

The ASspiMRI score did well in at least 3 investigative
studies15,33,38. The score was originally divided into 2 sub-
groups, the activity and chronicity scores. We focused on the
activity score to quantify the activity of the disease as
expressed by contrast enhancement in inflammatory lesions of
the spine. In our study group only one patient had ankylosis of
the spine, for which longer observational periods would be
necessary to evaluate the chronicity score.

To make our data comparable with work by Braun and
Baraliakos, an identical study setting was chosen. The
ASspiMRI activity score did well, and was best compared
with the other algorithms being studied. There was a signifi-
cant reduction of the score by more than 98% after 54 weeks,
and excellent correlation of the reduction with changes in the
BASDAI score between Week 0 and Week 24 and between
Weeks 24 and 54.

To date, the ASspiMRI score has been applied only by its
originators. In our study the interobserver and intraobserver
correlations were excellent, and with values of over 0.7 even
better than those previously published33, indicating that this
score is easy to use and can be used successfully by even less
experienced investigators, which is a basic requirement for a
reliable medical test.

We examined the utility and reliability of simple counts of
lesions for the costovertebral joints, the intervertebral joints,
and the spinal processes. Lesions were counted and not grad-
ed further in order to simplify the procedure. This method was
easy and quick. Best results and appreciable reduction rates
were found at the spinal processes and the costovertebral

joints, where there were the most lesions (Figure 5). As with
the ASspiMRI, the measurements of SNR and CNR and sev-
eral combinations of these 3 counts and the total sum of par-
avertebral lesions were correlated with the BASDAI score.
However, the correlations were weak for all counts including
the total, with the highest values for numbers of lesions at the
spinal processes. These results indicate that inflammatory
lesions at this site are of special importance and show clearly
that a simple count of lesions does not help to quantify the
extent of the disease in this part of the spine. Some improve-
ments have to be made to assess the degree of inflammation at
this site more precisely. Nevertheless, the ASspiMRI activity
score will be improved by amendment.

The score might lack sensitivity for mild inflammatory
processes, so we tested the measurements of SNR and CNR to
quantify a reduction or increase in inflammatory activity as an
indicator of contrast enhancement. Although they are theoret-
ically promising, these techniques were not useful. They
showed a slight reduction during the 54 weeks of study, but
did not correlate with the clinical scores, with correlation
coefficients < 0.5. This might have been for technical reasons,
as the image review software that we used had no tools to
copy regions of interest for contrast:noise measurements to
other images, and they had to be drawn freehand each time;
the use of this measurement algorithm took about 10 minutes,
which is far too long for routine practice. Even with improved
software for exact transfer of the regions of interest, this algo-
rithm may still not be correct. The interobserver and intraob-
server correlations were the worst in our study, which again
might be because of inadequate software. Finally, it is not pos-
sible to give an appraisal for this method based on our study
data, and further studies will be needed to address these
issues.

We have shown that the ASspiMRI activity score is a
promising, reliable, and reproducible score for assessment of
spinal inflammation in patients with AS. Although all algo-
rithms and scores examined showed good longitudinal per-
formance, with significant reduction, the ASspiMRI activity
score correlated best with clinical changes and had the highest
values for interobserver and intraobserver correlations. The
reason for the difference between good longitudinal perform-
ance of all scores but varying correlation to clinical scores lies
in their completely different approaches. CRP and
contrast:noise ratio measurements in particular are influenced
by factors other than the spinal disease. We suggest that
ASspiMRI should be investigated further. The score must be
amended by grading for inflammatory lesions at the paraver-
tebral joints, particularly the spinal processes. Although prom-
ising, CNR and SNR measurements seem not to be reliable
ways of quantifying inflammatory activity, as their application
depends on the technical features of the PACS system used.

The limitation of our study lies in the small number of
patients selected; this was necessary to achieve conditions
comparable to other publications on this topic. Nevertheless,
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the values for correlation coefficients were high and signifi-
cant. Further examinations with larger groups of patients are
needed.
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