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Detection of erosions in the sacroiliac joints of patients with axial
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Abstract
Objective: The volume-interpolated breathhold examination (VIBE) magnetic
resonance imaging (MRI) technique can visualize erosive cartilage defects in
peripheral joints. We evaluated the ability of VIBE to detect erosions in sacroiliac joints
(SIJ) of patients with axial spondyloarthritis (axSpA) as compared to the established
T1-weighted (T1w)-MRI sequence and computed tomography (CT).
Methods: MRIs (T1w- and VIBE-) and CTs of SIJs of 109 axSpA patients were
evaluated by two blinded readers based on SIJ-quadrants (SQ). Erosions were defined
according to ASAS definitions. Scores were recorded if readers were in agreement.
Results: Erosions were less frequently detected by CT (153 SQ) than T1w-MRI (185
SQ, p=0.008) and VIBE-MRI (199 SQ, p=0.031 vs. CT and p<0.001 vs. T1w-MRI,
respectively). Taking CT as gold standard, the sensitivity of VIBE-MRI (71.2%) was
higher than for T1w-MRI (62.2%) with similar specificity (87.3% vs. 88%, respectively).
In linear regression analysis, younger age was significantly associated with occurrence
of erosions independently in VIBE-MRI (β=0.384, p<0.001) and T1w-MRI (β=0.369,

Conclusions: The VIBE-MRI sequence was more sensitive than T1w-MRI in
identifying erosive damage in the SIJ, especially in younger patients. This might be
due to the ability of VIBE-MRI to identify structural changes in the cartilage that have
not yet extended to the underlying bone, where CT seems to be superior.
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p<0.001) vs. CT.
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Introduction
Imaging of the sacroiliac joints (SIJ) is important for diagnosis and classification to axial
spondyloarthritis (axSpA) (1-3). Inflammatory changes of the SIJ are pathognomonic
for both, early and later stages of axSpA, while in later stages structural changes such
as erosions and ankylosis represent the consequences of chronic inflammation.
Although magnetic resonance imaging (MRI) is the only imaging technique that can
identify both, inflammatory and structural changes (4), other imaging techniques such
as computed tomography (CT) and conventional radiography (CR) are still used to
detect chronic changes in both, the SIJ and the spine of patients with axSpA (5). While
conventional radiography has limited value because of its limitations due to just
providing a two- dimensional view, CT is still considered gold standard for imaging of
the complex anatomic structure of the SIJ (5-8).
The volume-interpolated breathhold examination (VIBE) MRI technique is a so-called
3D-FLASH sequence with fat saturation, specifically able to detect abnormalities on

detection of active sacroiliitis when used as a contrast-enhanced MRI with subtraction
technique (10, 11). VIBE-MR imaging has been introduced in musculoskeletal and
other diagnostic areas of imaging as a promising substitute for T1 weighted (T1w)weighted sequence (12).
Taking into account the need for better visualization of structural changes, particularly
erosions (13), we aimed to analyze the ability of the modern VIBE-MRI and the
established T1w-weighted MRI sequence for detecting erosions in the SIJs of patients
with axSpA in comparison to CT.
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the cartilage level in a high resolution (9) and also has been found to be useful for early

Page 4 of 16

Accepted Article

Methods
Patient selection
Patients with the clinical diagnosis of axSpA and complete sets of MRIs (in T1w, Fig.
1a and 2a and VIBE, Fig. 1b and 2b sequence) and CTs (Fig. 1c and 2c) of the SIJs
were identified in the clinical database of our tertiary rheumatological, independent of

disease activity or treatment. Since this was a retrospective analysis of images that
were performed in daily routine practice and due to a clinical indication, an ethical
committee approval was not necessary to be obtained.
Inclusion criteria were the diagnosis of axSpA according to the treating rheumatologist
and availability of the complete set of images within a maximum of 7 days from each
other.

Imaging protocols and processing of images
All patients were examined with the same imaging equipment and the same protocols
of the respective imaging technique:

patients. All CT examinations were performed in the same 16-rows CT-scanner
(Somatom Sensation, Siemens, Erlangen Germany) with body weight-adapted scan
parameters (kV, mA), a tube voltage of 120kV, tube current of 140kV, automatic tube
volate with CARE Cose 4D, collimation of 16x0.6mm, slice thickness of 1mm, spiral
pitch of 0.65mm, picture matrix 512x512 pixel. Images were reconstructed in a
workstation using Syngo Software.
Magnetic resonance imaging: Semicoronal view of the sacroiliac joints for all patients.
All MRI examinations were performed in the same MR scanner (Aera 1.5 Tesla,
Siemens, Erlangen Germany) with phased-array coils by using the following
sequences: T1w turbo spin-echo (repetition
time (TR)
510 msec,
timewww.jrheum.org
to echo (TE)
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Computed tomography: Axial and semicoronar view of the sacroiliac joints for all
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11msec, slice thickness 3mm) and VIBE 3D spoiled turbo gradient echo sequence (TR
25msec, TE 7msec, slice thickness 0.89-1mm) with fat saturation and without contrast
agent addition.
All images were blinded by an independent person and were then assigned with a
unique study number. Two experienced readers in evaluating MRIs and CTs of SIJs in
musculoskeletal imaging evaluated the images independent from each other after a
calibration exercise with randomly selected images (15 of each technique) which were
not part of this study. Evaluation of the images was performed by evaluation of all CTs
(both orientations) first and all MRIs (semicoronal orientation) thereafter, in a separate
session and without having access to the corresponding MRI or CT images,
respectively.
Structural damage was evaluated using the definitions of ‘erosions’ as provided in the
ASAS handbook, being defined as bone defects at the joint margin, occurring
throughout the cartilaginous compartment of the joint and appear as single lesions or

on SIJ-quadrants (SQ) and only when the reader was convinced of a lesion being
present. Any doubtful lesions (for any reason) were not counted as positive.

Statistical analysis
Intraclass correlation coefficient (ICC) was calculated for the readings between readers
for CT and MRI separately. Comparisons between imaging techniques were performed
by the Wilcoxon-test. Linear regression analysis for evaluation of the influence of age
on the occurrence of different structural lesions was performed by modeling the
differences in the number of lesions in different imaging techniques as dependent
variable. Analyses were performed with the SPSS software v.21.
Downloaded on January 9, 2023 from www.jrheum.org
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Results
A total of 109 patients with axSpA could be included in the analyses, resulting to 872
SQs for each of the imaging methods or sequence. The mean (± standard deviation)
age was 45.3 ± 13.9 years, 67.9% were male, 82.3% were HLA-B27 positive, the mean
time since diagnosis was 4.8 ± 5.8 years (range 1-14 years), the mean BASDAI (scale
0-10) was 4.9 ± 1.8 units, and the mean CRP was 1.9 ± 2.3 mg/dl. Overall, n=872 SQs
were able to be analyzed.
Agreement for positive and negative findings was high (>80% of SQs in all subgroups)
and agreement between readers for both CT and MRI analyses was excellent (ICC =
0.997 and 0.979, respectively).

Quantitative analysis of detection of erosions in MRI and CT examinations
Overall, significantly more SQ with erosions were detected by VIBE-MRI (n=199) as
compared to T1w-MRI (n=182, p=0.031) and CT (n=153, p<0.001 compared to VIBE-

by all three imaging techniques was 90, while 19 other SQs (21.1% additional SQs)
with erosions were identified by VIBE-MRI and CT but not with T1w-MRI and other 7
SQs (7.7% additional SQs) with erosions were identified by T1w-MRI and CT but not
with VIBE-MRI. The amount of SQs with erosions identified by VIBE-MRI but not with
CT was 91 while the amount of SQs with erosions identified by T1w-MRI but not with
CT was 85 (Table 2). Overall, the sensitivity of VIBE-MRI and T1w-MRI in comparison
to CT as gold standard was 71.2% and 63.4% while the specificity was 87.3% and
88.2%, respectively.
Linear regression analysis showed that the occurrence of more erosions on MRI as
compared to CT was significantly associated
with on
a January
younger9, patient´s
age (β=0.384
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for VIBE-MRI and β=0.369 for T1w-MRI, both p<0.001), while this was not the case in
the direct comparison between VIBE-MRI and T1w-MRI (β=0.127, p=0.224).

Discussion
The established gold standard for the detection of erosions in the SIJ is CT. Already
more than 30 years ago, Vogler et al (15) reported on the low prevalence of erosions
in the SIJ in the general population. In the last decade there have been many reports
on erosive changes in these joints also by use of MRI techniques, especially T1weighted (4). In comparison to CT, MRI has the advantage of providing information on
both inflammatory and chronic changes without using radiation, which makes it
generally preferable for identification (13) and diagnosis of chronic inflammatory
diseases such as axSpA – a disease that starts in early adulthood (14).
Taking advantage of a relatively novel MRI technique using volumetric interpolated
breath-hold examination (VIBE) sequences which are able to produce thinner image

in the cartilaginous area (12), we here report the results of a systematic comparison of
VIBE to T1w-MRI and CT for the detection of structural damage in the SIJ of patients
with axSpA.
In comparison to CT as the current gold standard, we show (16) that the VIBE
technique is more sensitive than T1w-MRI for the purpose of detection of structural
damage in axSpA. Although there were erosions seen by CT which were not detected
by MRI techniques, VIBE detected the highest number of SQs with structural damage
and erosions when all techniques were directly compared. This is of special interest
on the background of the most recent update of the ASAS MRI working group, which
mentions erosions to be the structural lesions
that are
genuinely
related
to SpA in the
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slices leading to a high in-plane resolution and detect tissue abnormalities especially
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context of interpretation of a ‘positive’ MRI (13) in case of doubtful cases of BME. In
addition, this might also be of relevance for improvement of the previously reported fair
to moderate agreement when reading MRIs for erosive changes (17). Interestingly, this
possible advantage of MRI and especially of the VIBE-MRI sequence was especially
prominent in for patients in younger ages, as shown by linear regression analysis. In
consequence, and in contrast to current recommendations that propose conventional
radiographs as the first imaging method to diagnose sacroiliitis as part of a diagnostic
work up for suspicion of axSpA (5) or recent findings that reported that T1w-MRI may
be as sensitive as CT in detecting erosions in axSpA (18), application of VIBE may be
even superior for identification of structural damage relevant to axSpA in early stages
of disease with initial involvement restricted to the articular cartilage and before
erosions extends to the subchondral bone layers, at which time it would become
detectable as erosion of bone visible by CT.
This is not the first report on the use of VIBE-MRI in the detection of erosions in the
SIJ, since very recently, a study was published by Diekhoff et al (16) on the same topic.

contrast to our patients who were already diagnosed with partly long disease duration.
This difference may also explain the differences between sensitivity and specificity for
VIBE and MRI as compared to CT as gold standard. Nevertheless, and knowing that
the limits of MRI in the recognition of axSpA-related cases is more related to its
specificity and not to its sensitivity, we would like to highlight that based on the current
data, the gain in sensitivity by using VIBE-MRI is not at the expense of specificity.
Clearly, the diagnostic and prognostic relevance of erosions detected by CT vs. by
VIBE-MRI and T1w-MRI deserves more study, especially in order to better understand
the benefits and limitations of new techniques such as VIBE-MRI which, as a gradient
echo imaging technique, may be subject
to moreonartifacts
than
echo imaging
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However, that study included patients with low back pain and suspicion of axSpA, in
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techniques such as T1w-MRI. This includes intravoxel dephasing and susceptibility to
paramagnetic effects. These effects may be a reason of a so-called ‘MRI overcall’ in
the detection of structural findings that might be (mis)interpreted as destructive
changes on the cartilage level. Our data may also point towards such a direction, since
the marginally higher sensitivity of VIBE compared to T1 was at the cost of marginally
lower specificity, Whether the numbers shown in this study are due to a higher rate of
false positive lesions detected by VIBE based on the gold standard of CT and thus are
a results of hypersensitivity of this MRI technique or if they represent a better
performance of VIBE as compared to CT, needs to be confirmed by future studies that
include a control group without axSpA patients. Furthermore, the correct interpretation
of such findings requires high grade of experience in the reading of MRIs especially of
a complex anatomical area like the SIJ. Still, in the hand of experienced radiologists,
the VIBE-MRI appears suitable for use in patients referred for evaluation of axSpA.
Also, from the practical point of view, with its performance time of just 3-5 minutes in
addition to the recommended protocol for performing MRI in patients with suspicion of

sequence for detection of structural changes and bone marrow edema, respectively,
VIBE is a feasible technique for daily routine.
In summary, MRI examinations with the established T1w-sequence and the VIBE
sequence were found to be sensitive to identify articular destructive damage in the
MRIs of SIJs in patients with axSpA. Overall, VIBE performed better than T1w-MRI.
Further research is undertaken in order to evaluate and directly compare all available
imaging methods of the SIJs in patients with axSpA and controls.
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axSpA (19), which includes the T1w-MRI and the short-tau inversion recovery (STIR)
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Figure legends:
Figure 1:
Differences between MRI and CT. SIJ-MRI of a 32-year old patient. a: T1-weighted
MRI sequence. b: VIBE sequence. c: CT in the axial and the semicoronal view. Full
arrowheads indicate erosions, seen on both MRI sequences. Empty arrowheads
indicate the same areas, but erosions are not visible on CT. The arrow indicates the
area of the insertion of ligaments in the sacral bone.

Figure 2:

Similarities between MRI and CT. SIJ MRI of a 45-year old patient. a: T1-weighted
MRI sequence. b: VIBE sequence. c: CT in the semicoronal view. Full arrowheads
indicate erosions, seen on both MRI sequences and the CT.
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Parameter
Mean age (years)

Value
45.3 ± 13.9

Age < 45y

50.5%

Male (%)

67.9%

HLA-B27 positive

82.3%

Mean time since diagnosis (years)

4.8 ± 5.8
(range 1-14)

Disease duration <3 y.

53.2%

Mean BASDAI (0-10)

4.9 ± 1.8

Mean CRP (mg/dl)

1.9 ± 2.3

Total n of SQ

872

Table 1: Demographic and disease characteristics of the patients with complete sets
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of MRIs and CTs for this study.
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VIBE

CT

positive

negative

Total

positive

109

44

153

negative

91

628

719

Total

200

672

Sensitivity for VIBE
71.2%
Specificity for VIBE
87.3%

Table 2a: Sensitivity and specificity for volume-interpolated breathhold examination
(VIBE)-MRI in the detection of erosions, as compared to computed tomography (CT)

T1

CT

positive

negative

Total

positive

97

56

153

negative

85

634

719

Total

182

690

Sensitivity for T1w
63.4%
Specificity for T1w
88.2%
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Table 2b: Sensitivity and specificity for T1-weighted MRI (T1w) in the detection of
erosions, as compared to computed tomography (CT)
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