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Facet joint ankylosis in r-axSpA: detection and
2-year progression on whole spine low-dose CT and
comparison with syndesmophyte progression

Rosalinde Stal ® 1, Floris van Gaalen', Alexandre Sepriano ® 12,

Juergen Braun ® 3, Monique Reijnierse®, Rosaline van den Berg’,
Désirée van der Heijde' and Xenofon Baraliakos ® 3

Abstract

Objectives. To evaluate the occurrence and progression of facet joint ankylosis in the whole spine using low-
dose CT (IdCT) in radiographic axial spondyloarthritis (r-axSpA) and compare progression of facet joint ankylosis
and syndesmophytes.

Methods. Patients with r-axSpA from the Sensitive Imaging in Ankylosing Spondylitis (SIAS) cohort underwent
IdCT at baseline (n=60) and 2 years (n=53). Facet joints (right and left, levels C2-S1) were scored as ankylosed,
not ankylosed or unable to assess. Joints that were frequently poorly visible (>15% missing), were excluded. Inter-
reader reliability on the patient level was assessed with intraclass correlation coefficients (ICCs) and smallest de-
tectable change (SDC). Ankylosis was assessed at joint level and patient level for both timepoints.
Syndesmophytes were assessed with CT syndesmophyte score.

Results. Levels C5-T2 were difficult to assess and excluded from all further analyses. Facet joint ICCs were good
to excellent for status scores (0.72-0.93) and poor to excellent for progression scores (0.10-0.91). Facet joint anky-
losis was detected at every level but most frequently in the thoracic joints. In total, 48% of patients showed 2-year
progression. Most progression occurred in the thoracic segment. Using SDCs as cutoff, 18% of patients had pro-
gression of facet joint ankylosis only, whereas 20% of patients had progression of syndesmophytes only.
Conclusion. This is the first study evaluating facet joints in the whole spine by IdCT in r-axSpA. Facet joint anky-
losis was detected most often in the thoracic spine. Assessing facet joints in addition to syndesmophytes detected
substantially more patients with damage progression over two years.
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Rheumatology key messages
o Facet joint ankylosis occurred in every spinal segment but most in the thoracic spine.
e Low-dose CT detected facet joint ankylosis progression independent of syndesmophyte progression over

2years.
Introduction

'Department of Rheumatology, Leiden University Medical Center, Radiographic axial spondyloarthritis (r-axSpA), also
Leiden, The Netherlands, “Department of Rheumatology, NOVA . e inf .
Medical School Universidade Nova de Lisboa, Lisbon, Portugal, known as ankylosing spondylitis, is an inflammatory dis-
3Department of Rheumatology, Rheumazentrun2 Ruhrgebiet ease of the spine and sacroiliac joints that can result in
Ruhr-University Bochum, Herne, Germany and “Department of [y ; ; _
Radiology, Leiden University Medical Center, Leiden, OSS|f|cat|9n of the spine [1]. Structur.al damage‘ is there
The Netherlands fore an important outcome of studies assessing inter-
Submitted 8 January 2020; accepted 5 March 2020 ventions [2]. Structural changes like bone proliferation in

) ) the form of syndesmophytes are traditionally imaged
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© The Author(s) 2020. Published by Oxford University Press on behalf of the British Society for Rheumatology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use,
distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

2202 19qWIBAON {7 UO Jasn DINNT / uapleT yelstaaun Aq G0E8E8S/9/. /€2 1/6G/0101e/ABojoyewnay/wod dnoolwepese//:sdjy Woly papeojumod


http://orcid.org/0000-0002-6706-3933
http://orcid.org/0000-0003-1954-0229
http://orcid.org/0000-0002-9156-5095
http://orcid.org/0000-0002-9475-9362

modified Stoke Ankylosing Spondylitis Score (MSASSS)
is the most validated and widely used method for
assessing radiographic damage and progression on CR.
A downside of CR, however, is that the thoracic spine
that constitutes half of the vertebrae cannot be reliably
assessed due to overprojection of the ribs [4, 5]. Studies
using cross-sectional imaging (e.g. CT and MRI) have
found syndesmophytes to occur most often in the thor-
acic spine [3, 6]; thus, using CR can lead to an under-
estimation of the extent of structural damage in an
individual. Whilst most studies assessed structural dam-
age and ossification of the vertebrae, facet joints have
also been reported to ankylose in patients with r-axSpA
[7-10]. Facet joints, also known as (zyg)apophyseal
joints, are synovial joints that lie posterior to the verte-
brae. Facet joints are not included in scoring methods
such as the mSASSS, and have not been studied as
thoroughly as syndesmophytes. Only a few studies
have assessed the occurrence and progression of facet
joint ankylosis and its relation with syndesmophytes,
and only in parts of the spine. Maas et al. [8] used CR
to assess facet joint ankylosis in part of the cervical
spine (C2-C6) in r-axSpA patients on TNF inhibitors.
They reported that, although commonly present to-
gether, facet joint ankylosis progression in r-axSpA
could be detected without syndesmophyte progression.
Tan et al. [11] used full dose CT to assess a part of the
thoracolumbar spine (T10-L4) and reported a high cor-
relation between syndesmophytes and facet joint anky-
losis. As most damage and progression of damage are
found in the thoracic spine, it would be interesting to
study facet joints in this segment. However, to our
knowledge no data are available on facet joint anky-
losis in the whole spine, nor on the complete thoracic
segment.

CT is an alternative method to image bone prolifera-
tions in the spine and, contrary to CR, is able to also
visualize the thoracic segment. CT does, however,
have a relatively high radiation dose which poses extra
risks to the patients and makes it unsuitable for
repeated use in the same patient [2]. However, by
reducing the radiation dose of a CT scan to a level tol-
erable for repeated imaging of the whole spine, struc-
tural lesions can be studied over time on all spinal
levels. Such a CT scan, low-dose CT (IdCT), was re-
cently used by our group to image syndesmophyte pro-
gression in r-axSpA patients in the whole spine [12,
13]. Compared with CR, assessed using the mSASSS,
whole spine IdCT assessed using the novel CT
Syndesmophyte Score (CTSS) detected more progres-
sion in the form of new and growing syndesmophytes
in r-axSpA patients, with most progression occurring in
the thoracic spine [13].

In the current study, we aimed to develop a scoring
system for facet joint ankylosis to assess facet joint an-
kylosis in all segments of the spine using whole spine
IdCT. We first assessed the reliability of IdCT to detect
facet joint ankylosis and thereafter assessed ankylosis
progression over 2years. Finally, we compared the
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detection of 2-year facet joint ankylosis progression and
syndesmophyte progression in the same patients.

Methods
Study population

Data of the Sensitive Imaging in Ankylosing Spondylitis
(SIAS) cohort were used, comprising n=60 r-axSpA
patients of which n=30 were from Leiden, the
Netherlands and n=30 from Herne, Germany. Inclusion
criteria were age >18years, clinical diagnosis of r-
axSpA, fulfillment of the modified New York criteria, be-
tween 1 and 18 syndesmophytes on CR of lateral cer-
vical and lumbar spine and >1 inflammatory lesion on
spinal MRI [12, 13]. Patients were followed for 2years,
during which time all treatments were allowed. No spe-
cific level of disease activity was required. Exclusion cri-
teria were routine MRI contraindications, pregnancy and
circumstances that would invalidate informed consent.
Guidelines for Good Clinical Practice were followed and
all patients signed an informed consent form before in-
clusion. The study was approved by the Medical Ethical
Committees of Leiden and Herne.

Scoring procedure

Whole-spine IdCT were performed at baseline and at 2-
year follow-up. Images were acquired on a 64-section
CT scanner (in Leiden: Aquilion 64, Toshiba Medical
Systems, Otawara, Japan and in Herne: Somatom
Emotion 16, Siemens, Erlangen, Germany); axial 1 and
3mm slice from C2 to S1 and sagittal and coronal
reconstructions (2mm slice) were made. The effective
radiation dose per |dCT was ~4mSv. Further image
specifications are reported in a previous publication on
this cohort [12].

Images in the axial plane with 1 mm slice were assessed
by two trained central readers independently, paired per
patient and blinded for time order and patient information.
Both readers were clinical PhD students in rheumatology
on the topic of axSpA. Both were experienced in perform-
ing clinical research and in scoring different modalities.
Training was overseen by the head radiologist of the mus-
culoskeletal radiology department (MR). Left and right
facet joints from C2 to S1 were assessed on a 3-point
scale as normal, irregular and ankylosed.

Joints were scored as ankylosed if at least a part of
the joint was ankylosed. Joints that could not be
assessed due to poor visibility were recorded as miss-
ing. lrregularity was, however, hard to assess on the
IdCT images. For analysis, scores were therefore dicho-
tomized as 0 (no ankylosis) and 1 (ankylosed), with ‘ir-
regular’ coded as 0. For examples of images that were
used for scoring, see Supplementary Fig. S1, available
at Rheumatology online.

The CTSS was used to assess syndesmophytes,
which were scored by the same readers and on the
same images on which the facet joints were assessed
[12]. Vertebral units, consisting of the bottom half of a
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vertebra, the intervertebral disc space (IDS) and the top
half of the next vertebra, were assessed from C2 to S1
in the sagittal and coronal plane. Syndesmophytes were
assessed in eight quadrants per vertebral units and
recorded as 0 (no syndesmophyte), 1 (syndesmophyte
not reaching 50% of the IDS), 2 (syndesmophyte reach-
ing or exceeding 50% of the IDS) and 3 (syndesmophyte
bridges the IDS) with a maximum score range per pa-
tient of 0-552.

Analyses

The readability of the facet joints on the IdCT images
was assessed first. Heatmaps were made of the percen-
tages of patients with a missing joint score on each
level. Arbitrarily, levels on which >15% of patients had a
missing score at baseline or at 2years for at least one
reader were excluded from analyses due to poor visibil-
ity and difficulty to assess.

Facet joints were assessed first. Inter-reader reliability
was assessed with intraclass correlations coefficients
(ICCs) (two-way average, absolute agreement) on
patients’ total sum scores for the whole spine and the
cervical, thoracic and lumbar segments separately, and
by calculating the smallest detectable change (SDC)
[14]. The percentages of patients with ankylosed facet
joints at baseline and follow-up were presented per left
and right joint and per reader. To assess the prevalence
of ankylosis on group level, status scores were calcu-
lated for the whole spine and per segment by patient
per timepoint. Status scores were averaged to a mean
score per reader to provide the average number of
ankylosed facet joints per patient.

Progression scores were calculated as change from
baseline to 2-year follow-up per joint per reader and
summed for the whole spine and each segment.
Analyses were performed for the whole spine and for
each segment. Per analysis, patients with >25% of
missing progression scores were excluded. For patients
with <25% missing scores, their remaining missing
scores were imputed using the patient’s mean segment
progression score. Progression scores were averaged to
a mean score per reader. Multiple cutoffs were used to
define progression per patient. Per reader, progression
was defined with a cutoff of >0. In case we used the
mean progression score of both readers, a cut-off of
>0.5 was applied and also the SDC to show progres-
sion beyond measurement error [15]. Except for the pro-
gression data per reader, all analyses were based on
the mean scores of the readers.

Net progression at the group level was calculated as
the number of patients with positive progression (>0.5)
minus the number of patients with negative progression
(<-0.5) divided by the total number of patients [16].

Next, facet joint ankylosis progression was compared
with syndesmophyte progression as assessed with
CTSS. Patients were included in this analysis if both
CTSS and facet joint ankylosis scores from both readers
at both time points were available, with <80% anky-
losed facet joints and <80% bridging syndesmophytes
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on CTSS at baseline. Moreover, only patients with
<25% missing progression scores for CTSS and facet
joint ankylosis were analysed.

To compare progression of facet joint ankylosis and
syndesmophytes, progression was defined with the cut-
offs of >0.5 and >SDC and presented in a two-by-two
table. All analyses were performed with STATA 14
(StataCorp. 2015, Stata Statistical Software: Release 14,
StataCorp LP, College Station, TX, USA).

Patient and public involvement

The Rheumatology department of the Leiden University
Medical Centre has structural patient participation in all
her research projects. To this end, a patient council of
10 patients has been established. One of the subjects
patients have been putting forward in our research
meeting and questionnaires is a wish to prevent devel-
opment and progression of irreversible structural dam-
age in axSpA. Patients were not directly involved in the
design or conducting of the study.

Results

Clinical data and IdCT facet joint scores were available
for 60 r-axSpA patients at baseline [mean age 48.3 (s.p.
9.6), 85% male, 80% HLA-B27+, mean number of syn-
desmophytes 6.9 (s.n. 5.2) for reader 1 and 6.2 (s.p. 4.7)
for reader 2], of which 53 patients also had data at 2-
year follow-up [mean age 49 (s.n. 9.9), 85% male, 79%
HLA-B27+]. Baseline demographics are presented in
Supplementary Table S1. For the comparison of syndes-
mophyte progression and facet joint ankylosis progres-
sion, 44 patients were included [mean age 49.4 (s.p. 10),
84% male, 79% HLA-B27+].

Regarding facet joint scores, heatmaps presenting
percentages of patients with missing joint scores for
both readers are given in Supplementary Fig. S2, avail-
able at Rheumatology online. The largest percentages of
missing scores are seen in the lower cervical and upper
thoracic segments, ranging from 8% to 18% for reader
1 and 15% to 52% for reader 2 considering both base-
line and follow-up. In both baseline and follow-up,
>15% of missing scores for at least one reader are
found in levels C5-T2. These levels were excluded from
all subsequent analyses. Maximum score range then be-
came 0-38 for the whole spine, and 0-6, 0-22 and 0-10
for the cervical, thoracic and Ilumbar segments,
respectively.

Fig. 1 shows the percentages of patients with anky-
losed facet joints at baseline and follow-up per site, per
level and per reader. Both readers reported most anky-
losed facet joints in the thoracic segment, ranging from
22% to 28% and 22% to 37% in the thoracic segment
for reader 1 for baseline and follow-up, respectively. For
reader 2, this was 24% to 36% and 23% to 38%.

Baseline ICCs were 0.93, 0.84, 0.91 and 0.81 for the
whole spine and cervical, thoracic and lumbar seg-
ments, respectively (Table 1). ICCs at follow-up were

https://academic.oup.com/rheumatology
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Fic. 1 Percentages of patients with ankylosed facet joints

Reader1 Reader 2 Reader 1 Reader 2 Percentage of
.ol Left Right  Left Right Left Right Left Right ankylosed joints
C2-C3 12% 10% 21% 24% 12% 8% 23% 27% 4
C3-C4 15% 15% 20% 19% 12% 10% 21% 19%
Cervical | €4-C3 21% 23% 19% 21% 19% 19% 16% 16%
C5-C6 |NA NA NA NA NA NA NA NA —15
C6-C7 [NA NA NA NA NA NA NA NA
c7-T1  [NA NA NA NA NA NA NA NA
T T1-T2 |NA NA NA NA NA NA NA NA L5
T2-T3 25% 22% 24% 28% 26% 23% 25%
T3-T4 27% 23%| 28% 29% 27% 36% 36%
T4-T5 27% 25%| 34% 29% 27% 36% 4% N0+
T5-T6 24% 24% 34% 27% 25% 36% 36%
.| T6-T7 27% 24% 27% 24% 22% 30% 30%
Thoracic
T7-T8 28% 28% 25% 29% 31% 30% 32%
T8-T9 25% 25% 30% 27% 29% 32%
T9-T10 23% 22% 30% 31% 29% 34%
T10-T11 23% 25% 33% 31% 31% é'ﬁ’a
T11-T12 27% 25% 28% 37% 35% 35%
T12-11 24% 24% 34% 22% 27% 33%
L-12 15% 15% 24% 24% 18% 18% 25% 27%
12-13 9% 12% 19% 22% 10% 12% 17% 21%
Lumbar [ (3-14 10% 12% 15% 15% 10% 12% 13% 15%
L4- L5 10% 10% 22% 20% 8% 8% 21% 19%
| 15-s1 | 7% 7% 12% 12% 10% 8% 12% 10%

Percentages are given per joint level for the left and right joint, per reader, for baseline (left) and 2-year follow-up (right).

TaBLe 1 Status scores, progression scores, ICCs and SDCs of facet joints

Reader 1 Reader 2 ICC (95% CI)

Mean (s.p.) range

Mean (s.p.) range

Whole spine® max score 38

Baseline 7.3(10)0-34 9.4 (10.9) 0-37 0.93(0.87, 0.96)

Follow-up 7.8(9.7)0-34 10.3 (10.9) 0-34 0.91(0.82, 0.95)

Progression score 1.0(2.8) —-8.4-11.9 1.1(2.6) —4.2-11.2 0.56 (0.22, 0.75) 1.98
Cervical segment® max score 6

Baseline 0.9 (1.8) 0-6 1 1@ 0—6 0.84 (0.73, 0.90)

Follow-up 0.7 (1.6) 0-6 2(1. 9) 0.72 (0.52, 0.84)

Progression score 0.0 (0.4) —2-1 .0(0.4) — 0.91 (0.83, 0.95) 0.22
Thoracic segment® max score 22

Baseline 4 (7.4) 0-22 6.5 (7.6) 0-22 0.91 (0.85, 0.95)

Follow-up .0(7.2) 0-22 7.3(7.9) 0-22 0.90 (0.82, 0.94)

Progression score (2 5) —8.8-7 0.9 (2.3) —4.4-11 0.56 (0.21, 0.75) 2.67
Lumbar segment max score 10

Baseline 1.0 (2.5) 0-10 1.8(3.1)0-10 0.81 (0.67, 0.89)

Follow-up 1.1(2.5)0-10 1.8 (3.0)0-10 0.85(0.73, 0.92)

Progression score 0.0(0.8) —2-3 0.2 (0.9) —2-5 0.10(—0.58, 0.48) 1.14

2Joint levels C2-C5 and T2-S1.
PJoint levels C2-C5.
°Joint levels T2-L1.
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Baseline: n=60. Follow-up: n=52 (r1), n=53 (r2). Whole spine progression score: n=50 (r1), n=52 (r2), n=50 (ICC,
SDC). Cervical progression score: n=44 (r1), n=45 (r2), n=40 (ICC, SDC). Thoracic progression score: n=50 (r1), n=52
(r2), n=50 (ICC, SDC). Lumbar progression score: n=>51 (r1), n=52 (r2), n=51 (ICC, SDC).

ICC: intraclass correlation coefficients; SDC: smallest detectable change.
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Fic. 2 Cumulative probability plots of progression of facet joint ankylosis

A Whole spine cumulative probability plot
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Plots are shown for the whole spine (A) and cervical (B), thoracic (C) and lumbar (D) segments

0.91, 0.72, 0.9 and 0.85 for the whole spine and cer-
vical, thoracic and Ilumbar segments, respectively.
Progression score ICCs were 0.56, 0.91, 0.56 and 0.1
for the whole spine and cervical, thoracic and lumber
segments, respectively.

Baseline whole spine status scores were 7.3 and 9.4
for reader 1 and 2, respectively, and 7.8 and 10.3 for
follow-up for reader 1 and 2 respectively. Almost the
whole range from 0 to 38 ankylosed joints was spanned
for both timepoints for both readers, reflecting great
variability in the number of ankylosed joints between
patients. The mean 2-year whole spine progression was
1.0 ankylosed joint for reader 1 and 1.1 ankylosed joint
for reader 2 (Table 1/Fig. 2). Fig. 2 shows that just over
half of the patients showed 0 or negative whole-spine
progression (Fig. 2A) and that most progression
occurred in the thoracic segment (Fig. 2C). Using a cut-
off of >0.5, 48% of patients had 2-year whole spine
facet joint ankylosis progression (Table 2).

When using the SDC (1.98) as cutoff, 26% of patients
had 2-year whole spine progression. Net progression
was 42%. Fig. 3 plots the syndesmophyte progression
against the facet joint ankylosis progression for all 44
patients. The trend was that higher progression scores
in facet joint ankylosis were generally found in patients
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with  higher syndesmophyte progression scores.
However, progression of bone formation was not always
present in both sites. Comparing progression (>0.5) of
facet joint ankylosis and syndesmophytes, 17 (39%) of
the 44 patients had progression of both syndesmo-
phytes and facet joint ankylosis, four patients (9%) had
progression of facet joints only, 22 patients (50%) had
progression of syndesmophytes only and one patient
(2%) had no progression. When using the SDCs as cut-
off (1.98 for facet joint ankylosis, 14.4 for CTSS), four
patients (9%) had progression of both syndesmophytes
and facet joint ankylosis, eight patients (18%) had pro-
gression of facet joint ankylosis only, nine patients
(20%) had progression of syndesmophytes only and 23
patients (52%) had no progression.

Discussion

This study assessed the occurrence and progression of
structural damage in the facet joints of patients with r-
axSpA using whole-spine IdCT. Facet joint ankylosis
and new development of ankylosis over two years was
detected in all spinal segments but was most common
in the thoracic segment (T2-L1). Previous studies have

https://academic.oup.com/rheumatology
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TaBLE 2 Number of r-axSpA patients with progression of facet joint ankylosis over 2-year follow-up

Whole spine change >0
Cervical segment change >0
Thoracic segment change >0
Lumbar segment change >0

Whole spine
Change >0.5
Change >SDC (1.98)
Net progression (>0.5)
Cervical segment
Change >0.5
Change >SDC (0.22)
Net progression
Thoracic segment
Change >0.5
Change >SDC (2.67)
Net progression
Lumbar segment
Change >0.5
Change >SDC (1.14)
Net progression

Reader 1 n (%) Reader 2 n (%)
15/50 (30%) 22/52 (42%)
2/44 (4%) 3/45 (7%)
15/50 (30%) 17/52 (33%)
3/51 (6%) 6/52 (12%)
Average of 2 readers n (%)

24/50 (48%)

13/50 (26%)

21/50 (42%)

1/40 (2.5%)

3/40 (7.5%)

0/40 (0%)

23/50 (46%)

7/50 (14%)

21/50 (42%)

5/51 (10%)
4/51 (8%)
3/51 (6%)

Whole spine: n=50 (r1), n=52 (r2), n=50 (average 2 readers).

Cervical segment: n=44 (r1), n=45 (r2), n=40 (average 2 readers).
Thoracic segment: n=50 (r1), n=52 (r2), n=50 (average 2 readers).
Lumbar segment: n=>51 (r1), n=52 (r2), n=>51 (average 2 readers).
Net progression: number of patients with progression >0.5 — number of patients with progression <—0.5 / total number of

patients x 100.

r-axSpA: radiographic axial spondyloarthritis; SDC: smallest detectable change.

Fic. 3 Cumulative probability plot showing 2-year pro-
gression of syndesmophytes and facet joint ankylosis
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Syndesmophytes were scored with the Computed
Tomography Syndesmophyte Score (CTSS). Facet joint
ankylosis scores are mean progression scores of the
two readers. The plot is ordered by the facet joint
ankylosis progression scores. Dots and triangles on
the same location on the X-axis belong to the same
patient. The scale on the left side of the figure belongs
to the facet joint ankylosis progression scores, the scale
on the right belongs to the CTSS progression scores.

https://academic.oup.com/rheumatology

examined facet joint ankylosis in parts of the spine. In
comparison to our findings, they reported slightly higher
percentages of cervical and lumbar ankylosed facet
joints on CR [7, 9], lower percentages of ankylosed
thoracolumbar facet joints on CT [11] and fewer patients
with progression over 4 years on CR [9] and CT [11].
Although direct comparison of these studies is difficult
due to the use of different techniques, the joints
assessed and patient selection, all studies reported
presence and progression of facet joint ankylosis.

Our finding that most facet joint ankylosis occurs and
develops in the thoracic segment is in line with the fact that
most syndesmophytes and progression thereof occurs in
the thoracic segment [3, 6, 12, 13]. A striking finding in our
population is that in a subset of patients (9% for a cutoff of
>0.5 and 18% when using the SDC), facet joint ankylosis
progression was detected without syndesmophyte progres-
sion. Detection of more progression of spinal damage by
assessing both facet joint ankylosis and syndesmophytes in
the whole spine could potentially be useful in intervention tri-
als. With higher sensitivity of an outcome, treatment effects
can be detected using a smaller number of patients or with a
shorter follow-up. More experience is needed before apply-
ing the technique to clinical trials however, for instance by
applying IdCT in patients with less spinal damage at baseline
and ideally by showing progression over a shorter period of
time (e.g. one year).
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Apart from the fact that ankylosis occurred and pro-
gressed most in the thoracic segment, this segment
showed good reliability. In contrast, reliability of read-
ings in the lumbar segment was poor, which may be
due to the low progression, which may reduce the level
of ICCs even in case of good agreement [17]. Reliability
of the cervical segment was excellent, but rates of facet
joint ankylosis and facet joint ankylosis progression
were low, while the bottom half of the cervical segment
could not be assessed. Net progression scores were
positive for the whole spine and the thoracic and lumbar
segments, reflecting that there was progression of facet
joint ankylosis when correcting for regression due to
measurement error [16]. Future studies may consider
scoring facet joint ankylosis in the thoracic segment
only.

An important question for understanding the patho-
physiology of axSpA is whether syndesmophyte forma-
tion precedes facet joint ankylosis or vice versa. In
general, studies reported that facet joint ankylosis and
syndesmophytes are highly correlated. Tan et al. [11]
reported that facet joint ankylosis without syndesmo-
phytes at the same vertebral level was rare in T10-L4.
De Vlam and Mielants [7] reported that about two-thirds
of levels with facet joint ankylosis did not have bridging
syndesmophytes, but that bridging syndesmophytes
rarely occurred without facet joint ankylosis on CR.
However, all studies included patients with longstanding
r-axSpA with generally extensive spinal damage. Ideally,
the possible longitudinal association between facet joint
ankylosis and syndesmophyte formation should be
studied in a prospective cohort of recent-onset axial
SpA. Another interesting topic of research would be to
test if facet joint ankylosis or syndesmophytes have the
most impact on physical functioning and spinal mobility.

This study has several limitations. The study was per-
formed in r-axSpA patients with already extensive spinal
damage at baseline with signs of active spinal inflamma-
tion on MRI. Therefore, there is a need for caution when
extrapolating these results to other r-axSpA patient
populations.

LdCT allowed us to visualize the whole spine at a
reduced radiation exposure compared with CT.
However, this influenced image quality: beam hardening
artefacts at the cervicothoracic level and a lower spatial
resolution to detect the facet joints. To minimize scoring
errors, readers scored the joints as missing in case of
doubt due to poor visibility. Despite the fact that |dCT
uses less radiation than CT, it is still significantly more
than CR. Therefore, we would like to stress that the use
of IdCT is intended for clinical research and not daily
clinical practice where, over many years, repeated imag-
ing may be needed to study disease progression.
Moreover, the current method assessed the facet joints
solely on ankylosis. Possible degenerative changes,
such as joint space narrowing and signs of diffuse idio-
pathic skeletal hyperostosis (DISH) were not considered
and not controlled for. However, a broad assessment of
structural changes in the facet joints and their specificity
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for axSpA was not the scope of this article. Whether
IdCT is fit to assess degenerative changes and whether
the extent to which we found facet joint ankylosis is
specific for axSpA requires additional studies.

In summary, we developed and tested a scoring sys-
tem for facet joint ankylosis on whole-spine IdCT in
patients with r-axSpA. Facet joint ankylosis occurred in
every segment of the spine but was most prevalent and
prone to progress in the thoracic spine. In a subset of
patients, progression of facet joint ankylosis was
detected without progression of syndesmophytes.
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