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Abstract

Background: Abnormal new bone formation can occur not only in the vertebral body

but also can occur in facet, costovertebral, and costotransverse joints in radiographic

axial spondyloarthritis (r-axSpA) patients. Little is known about the association between

syndesmophyte progression and paravertebral joint ankylosis in r-axSpA.

Objectives: Costotransverse joint ankylosis in r-axSpA patients was measured. Furthermore,

the association between syndesmophyte progression for 2years assessed by computed

tomography syndesmophyte score (CTSS) and facet, costovertebral, and costotransverse joints

ankylosis were evaluated.

Design: Single-center, prospective, cohort study.

Methods: Whole spine CT images taken at baseline and 2-year follow-up were used to ﬁ;’::;‘;‘;:&e“e““

calculate the CTSS of the vertebral body. In addition, ankylosis of the facet/costovertebral/ Division of Rheumatology,

costotransverse joints was scored. CTSS (range, 0-552) and facet joint ankylosis (range, o et

0-46) were assessed at 23 vertebral units. Costovertebral joints at T1-T12 (range, 0-48) stite il“n”fffﬂlmversny

and costotransverse joints at T1-T10 (range, 0-20) were also assessed by independent School of Medicine, 120-1

two readers. Intraclass correlation coefficients (ICC) were calculated to determine d“;:g”]g‘é‘;;‘fngﬁr;fy;e"ogul

inter-reader reliability. Odds ratios (OR) were calculated to identify the associations 05030, Republic of Korea
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between syndesrpqphyte progression and the baseline status of facet, costovertebral, and Sang-Hoon Lee
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Introduction

Radiographic axial spondyloarthritis (r-axSpA) is
a chronic inflammatory arthritis of the axial joints
(spine and sacroiliac joints).!»2 Inflammation of
the axial joints causes inflammatory back pain
and morning stiffness, and chronic inflammation
in the spine can also lead to ankylosis, which
eventually progresses to a ‘bamboo spine’.l:2
Progression of ankylosis is irreversible, and
advanced ankylosis reduces spinal motion and
quality of life in patients with r-axSpA.3*
Therefore, preventing spinal structural progres-
sion and evaluating the status of spinal ankylosis
are important for appropriate management.

Traditionally, the modified Stoke Ankylosing
Spondylitis Spinal Score (mSASSS) has been
used to evaluate spinal structural damage in
r-axSpA5; however, the mSASSS has several limi-
tations.® First, it does not measure structural
damage in the thoracic (T) spine. Recent research
based on computed tomography (CT) of the
whole spine revealed that abnormal bone forma-
tion (i.e. syndesmophytes) is most common in the
T spine. Second, signals generated by adjacent
soft tissue and internal organs on simple X-rays
can prevent precise evaluation of spinal structures
on lateral views of the cervical (C) and lumbar
(L) spine, which are used to calculate the
mSASSS. Whole spine CT, followed by estima-
tion of a CT syndesmophyte score (CTSS),
improves the detection of spinal structural pro-
gression in r-axSpA.78 Furthermore, ankylosis of
other axial joints such as the facet and costoverte-
bral joints can be evaluated on whole spine CT to
measure the degree of ankylosis.% !0 Facet joint
ankylosis on CT predicts syndesmophyte pro-
gression.!® Also, the costovertebral joint abnor-
mality score showed a positive correlation with
CTSS.10 The joint between the costal facet of the
spine and the rib is called the costotransverse
joint; these joints are present at levels T1-T10.
Ligaments hold the costotransverse joints in a
relatively fixed position; however, they can glide
during inhalation and exhalation. Therefore,
ankylosis of the costotransverse joints can limit
chest expansion during breathing. One study
showed costotransverse joint ankylosis reduced
chest expansion capacity in r-axSpA patients.!!
However, none of the previous studies simultane-
ously evaluated vertebral body syndesmophyte,
facet, costovertebral, and costotransverse joint
abnormalities in r-axSpA patients.

Here, we measured ankylosis of facet, costoverte-
bral, and costotransverse joints, and CTSS of
r-axSpA patients, and evaluated the correlation
between costotransverse joint ankylosis score,
CTSS, facet joints ankylosis score, and costover-
tebral joints score. Also, we evaluated whether the
degree of facet, costovertebral, and costotrans-
verse joint ankylosis measured at baseline predicts
syndesmophyte progression in r-axSpA patients.

Methods

Patients

Patients with r-axSpA who fulfilled the 1984 mod-
ified New York criteria,!? were aged over 18, and
had baseline whole spine CT scans taken within
12months from initial diagnosis of r-axSpA were
recruited from a single university-based tertiary
hospital (Konkuk University Medical Center).¢
Whole spine CT scans were prospectively col-
lected in these r-axSpA patients to evaluate the
progression of spinal structural damage. This
study was conducted in accordance with the
Declaration of Helsinki (1964, and its later
amendments). Written informed consent was
obtained from each participant previous to study
enrolment. The study was approved by the
Institutional Review Board of Konkuk University
Medical Center (approval number: KUMC 2021-
05-036). The reporting of this study conforms to
the Strengthening the Reporting of Observational
Studies in Epidemiology statement.!3

Measurement of CTSS, facet joint ankylosis,
costovertebral joint involvement, and
costotransverse joint ankylosis on whole

spine CT

Whole spine CT scans were performed twice (at
baseline and again at the 2-year follow-up).
Detailed information about whole spine CT scan-
ning has been provided in a previous article.® The
CTSS, the degree of facet, costovertebral, and
costotransverse joint ankylosis were scored by two
independent readers (H.K.M. and S.H.K. - 10,
and 4years of clinical practice as rheumatologist,
respectively), and CT images were offered to the
readers as Digital Imaging and Communication
in Medicine files after patient information and
chronological sequence were erased. The CTSS
measures the degree of syndesmophyte growth at
23 vertebral units (VU) of vertebral body (from
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C2-3 to LL5-8S1), and the score ranges from 0 to
552 [each VUs score 0-24: four aspects (anterior,
posterior, left lateral, and right lateral) X upper/
lower aspect of VUsXscore 0-3 of each
aspect=24].7 Facet joint ankylosis at the 23 VU
was also evaluated; each VU could be scored 0-2
(right plus left: no ankylosis: 0; ankylosed: 1; total
score, 0-46).%14 Costovertebral joint abnormali-
ties were evaluated at 12 levels (T1-T12), and
the score for each level ranged from 0 to 4 (right
plus left; 0: normal, 1: erosion or syndesmo-
phytes; and 2: total ankylosis); the total score
ranged from 0 to 48.10 Costotransverse ankylosis
was evaluated at 10 levels (T1-T10) because T11
and T12 do not form a costotransverse joint. The
total score ranges from 0 to 20 (each level=0-2, a
dichotomous measurement: ankylosis=1; no
ankylosis =0). Evaluation of the costotransverse
joint was dichotomous because none of the costo-
transverse joint images included in the present
study showed abnormal bone growth, such as
syndesmophyte, or erosion.

Statistical analysis and data management

Inter-reader reliability was measured by calculat-
ing the intraclass correlation coefficient (ICC).
The correlation between the CTSS, the facet
joint score, the costovertebral joint score, and the
costotransverse joint score was calculated using
Pearson’s correlation analysis. Pearson’s correla-
tion coefficient for the CTSS versus the facet joint
score was calculated based on the scores for C2-3
to L5-S1; the coefficient for the CTSS versus the
costovertebral joint score was calculated based on
the scores for C7-T1 to T11-T12 score of CTSS
and T1 to T12 score of costovertebral joints; and
the coefficient for the CTSS wversus the costotrans-
verse joint score was calculated based on the
scores for C7-T1 to T9-T10 score of CTSS and
T1 to T10 score of costotransverse joints. CTSS
of each VU was the sum of the eight quadrant
scores (upper — right lateral, left lateral, anterior,
and posterior, lower — right lateral, left lateral,
anterior, and posterior quadrants). The CTSS of
each VU was matched with correlating levels of
facet, costovertebral, and costotransverse joint
(e.g. C7-T1 VU CTSS matched with C7-T1
facet joint, T'1 costovertebral joint, and T1 costo-
transverse joint). Syndesmophyte progression per
VU was measured by comparing the CTSS per
VU at baseline with that at the 2-year follow-up;
progression was denoted by a 2-year follow-up
CTSS per VU higher than the baseline CTSS per
VU with a consensus of two readers. VUs with

baseline maximum syndesmophyte scores were
excluded. We used multilevel generalized esti-
mating equations models with exchangeable
working correlation structures.!> ‘Autoregressive’
model was used and imputed baseline bridging
syndesmophyte as one of the variables.15 p Values
<0.05 were deemed statistically significant. All
analyses were performed using R software (ver-
sion 3.1.0; R Foundation for Statistical
Computing, Vienna, Austria).

Results

Distribution of costotransverse, costovertebral,
and facet joint ankylosis at baseline and 2-year
follow-up

In all, 50 patients with r-axSpA were included in
the analysis. The median age was 33.5 years, and
38 patients (76%) were male. The median dis-
ease duration between the initial diagnosis of
r-axSpA to the time of the first whole spine CT
scan was 2months. The detailed characteristics
of the enrolled r-axSpA patients are described in
Supplemental Table 1.5 Representative abnor-
mal findings at the costotransverse, costoverte-
bral, and facet joints are presented in Figure 1.
The T3-4 to T10-11 levels were the most com-
mon sites of syndesmophytes at baseline.® The
distribution of syndesmophyte progression is
shown in Supplemental Figure 1. Reader 1
reported that facet joint ankylosis was most com-
mon at T2-T3 at baseline, whereas reader 2
reported that it was most common at C7-T1/
T1-T2 [Figure 2(a)]. With respect to costoverte-
bral joint ankylosis, readers 1 and 2 reported that
T12 was the most common site at baseline
[Figure 2(b)]. Both readers reported that costo-
transverse joint ankylosis at baseline was the
most common at T8 and T9 (reader 1: T8, 17%;
T9, 23%; reader 2: T8, 40%; T9, 40%) [Figure
2(c)]. A heatmap showing the distribution of
ankylosed facet, costovertebral, and costotrans-
verse joints is presented in Figure 2.

Inter-reader reliability of the CTSS, facet,
costovertebral, and costotransverse joint

scores at baseline and the 2-year follow-up

The mean with SD of CTSS, facet joint, cos-
tovertebral, and costotransverse joint scores were
summarized in Table 1. The ICC was calculated
to evaluate the inter-reader reliability. The ICC
for the total facet joint score was 0.876 [95% con-
fidence interval (CI), 0.782—-0.930] and 0.939
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Table 1. Summary of CTSS, facet joint, costovertebral, and costotransverse joint scores of readers 1 and 2.

Scores Reader 1 Reader 2 ICC (95% Cl)

CTSS (baseline, 0-552) 25.7+43.2 23.0+341 0.975(0.955-0.986)
CTSS (2years f/u, 0-552) 32.9+46.0 35.0+47.7 0.991(0.984-0.995)
Change in CTSS during 2years f/u 7.2+12.0 12.0+165 0.626(0.340-0.788)
Facet joint score (baseline, 0-46) 3.9+39 3.3+3.7 0.876 (0.782-0.930)
Facet joint score (2years f/u, 0-46) 53+4.7 50+45 0.939 (0.893-0.965)
Change in facet joint score during 2years f/u 13+27 1.7+2.6 0.838 (0.714-0.908)
Costovertebral joint score (baseline, 0-48) 3.4+ b4 3.7+6.7 0.952 (0.915-0.973)
Costovertebral joint score (2years f/u, 0-48) 3.9+772 L5+7.4 0.962 (0.933-0.978)
Change in costovertebral joint score during 2years f/u 05+23 0.8+1.9 0.591 (0.279-0.768)
Costotransverse joint score (baseline, 0-20) 13+19 2.9%=3 % 0.753 (0.564-0.860)
Costotransverse joint score (2years f/u, 0-20) 2.0+23 4.1+3.1 0.877 (0.784-0.930)
Change in costotransverse joint score during 2years f/u  0.7+1.4 0.8+1.9 0.221 (-0.373 to 0.558)

Cl, confidence interval; CTSS, computed tomography syndesmophyte score; ICC, intraclass correlation coefficients.

(95% CI 0.893-0.965) at baseline and 2-year
follow-up, respectively. The baseline ICC for the
total costovertebral joint score was 0.952 (95%
CI, 0.915-0.973) and the 2-year follow-up ICC
was 0.962 (95% CI, 0.933-0.978). The ICC for
the total costotransverse joint score was 0.753
95% CI, 0.564-0.860) at baseline and 0.877
95% CI, 0.784-0.930) at 2-year follow-up
(Table 1). The cumulative probability plots of
progression for facet, costovertebral, and costo-
transverse joint scores are presented in Figure 3.

Correlation between the CTSS, facet joint score,
costovertebral joint score, and costotransverse
joint score at baseline and the 2-year follow-up.
The scores of CTSS, facet joint ankylosis, costo-
vertebral joint involvement, and costotransverse
joint ankylosis at each level were used to calculate
Pearson’s correlation coefficient. The score at
C2-3 to L5-S1 VU was used to measure the cor-
relation between CTSS and facet joint score. The
CTSS for C7-T1 to T11-12 and the costoverte-
bral joint score at T1-12 were used to measure
the correlation between CTSS and the costover-
tebral joint score. The CTSS for C7-T1 and T9-
10 and the costotransverse joint score at T1-10
were used to measure the correlation between

CTSS and the costotransverse joint score. Simi-
larly, the correlation between the facet joint and
the costovertebral joint scores (C7-T1 to T11-
T12 for facet joints; T1-12 for costovertebral
joints), the correlation between the facet joint and
costotransverse joint scores (C7-T1 to T9-10 for
facet joints; T1-10 for costotransverse joints), and
the correlation between the costovertebral joint
and costotransverse joint scores (T1-10 for both
the costovertebral and costotransverse joints)
were calculated. For reader 1, the calculated cor-
relation coefficient between the CTSS and the
facet joint score was 0.18 (p<<0.001), between
the CTSS and the costovertebral joint score was
0.47 (p<0.001), and between the CTSS and the
costotransverse joint score was 0.29 (p<<0.001)
at baseline. For reader 2, the correlation coeffi-
cients were 0.14 (»p=0.002), 0.51 (p<<0.001),
and 0.26 (p<0.001) for CTSS wversus facet joint
score, CTSS wersus costovertebral joint score, and
CTSS wversus costotransverse score at baseline,
respectively. The correlation coefficients at the
2-year follow-up were similar to those at baseline
for both readers 1 and 2. However, the changes
(2-year follow-up score minus the baseline score)
in the CTSS, facet joint score, costovertebral joint
score, and the costotransverse joint score did not
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Figure 1. Representative CT images showing costotransverse, costovertebral, and facet joint abnormalities.
(a) Bilateral ankylosis of costotransverse joints (white arrow), (b) ankylosis of costovertebral joints on the right
side (white arrow], (c) erosion of the bilateral costovertebral joints (white arrow), (d] syndesmophytes on the
bilateral costovertebral joints (white arrow), and (e] bilateral facet joint ankylosis.

CT, computed tomography.
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Figure 2. Distribution of ankylosed facet joints (a), costovertebral joints (b], and costotransverse joints (c] at
baseline and at the 2-year follow-up (the number inside each cell is a percentage).

correlate significantly, except a correlation Association between facet, costovertebral, costo-
between the change in the facet score versus the transverse joint score, and syndesmophyte
costovertebral score and the costovertebral progression. Odds ratios (ORs) of baseline bridg-
versus the costotransverse score (reader 1). The ing syndesmophyte, facet joint ankylosis, costo-
detailed correlation coefficients are presented in  vertebral joint ankylosis, and costotransverse joint
Table 2. ankylosis on predicting the progression of the
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syndesmophyte at the VU level were calculated.
The CTSS and facet joint scores at C7-T1 to
T9-10 and the costovertebral and costotransverse
joint scores at T1-10 were used for the analysis.
Two VUs among 500 VUs (10 levels [C7-T1 to
T9-10] X 50 patients) were excluded from the
analysis because they showed total ankylosis
(maximum CTSS) at baseline, indicating that
syndesmophyte progression was impossible.
Therefore, a total of 498 levels were used. Uni-
variable analysis revealed that the OR for baseline
bridging as a predictor of syndesmophyte pro-
gression was 1.33 (95% CI, 0.715-2.486), facet
joint ankylosis at baseline was 1.427 (95% CI,
0.948-2.147), costovertebral joint ankylosis at
baseline was 5.143 (95% CI, 2.655-9.960), and
costotransverse joint ankylosis at baseline was
1.715 (95% CI, 1.194-2.465). Multivariable
regression analysis revealed that only baseline
costovertebral joint ankylosis (OR=4.644; 95%
CI, 2.295-9.398) and baseline costotransverse
joint ankylosis (OR=1.524; 95% CI, 1.036—
2.244) were significant predictors of syndesmo-
phyte progression (Table 3).

Discussion

Here, we present a novel semi-quantitative scor-
ing method for costotransverse joint ankylosis in
r-axSpA patients. The total score for costotrans-
verse joint ankylosis correlated significantly with
the CTSS and costovertebral joint score (Table
2), but progression of costotransverse joint anky-
losis did not correlate with change of the CTSS,
facet the joint score, or the costovertebral joint
score; this implies that progression of structural
damage at the costotransverse joints may happen
independently of progression at other adjacent
joints in the spine (e.g. vertebral bodies, facet
joints, costovertebral joints). However, baseline
ankylosis of the costovertebral and costotrans-
verse joints was positively associated with the pro-
gression of syndesmophyte, which suggests that
more severe structural damage between the verte-
bral body and rib may predict future syndesmo-
phyte progression in patients with r-axSpA.

With respect to the distribution of facet joint
ankylosis, there are some differences between the
data presented in the present study and those pre-
sented in previous studies. A previous study of
sensitive imaging of ankylosing spondylitis (SIAS)
and Incheon Saint Mary’s Axial SPondyloArthritis
study (ISAXSPA) cohorts revealed that the per-
centage of ankylosed facet joints was highest in
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Figure 3. Cumulative probability plot of 2-year progression of (a) facet joint
score, (b) costovertebral joint score, and (c) costotransverse joint score by
readers 1 and 2.

the T spine, with a lower percentage in the C
spine.®!* However, we found the highest percent-
age of ankylosed facet joints at T2-3 (reader 1),
and at C7-T1 and T1-2 (reader 2) [Figure 2(a)],
which represent the lower C/upper T levels.
Furthermore, we found a higher percentage of
facet joint ankylosis at C2-3 and C3-4, and a
much lower percentage at T4-5 and T11-12
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https://journals.sagepub.com/home/tab

THERAPEUTIC ADVANCES in

Musculoskeletal Disease Volume 16

Table 2. Correlation between the CTSS, the facet joint score, the costovertebral joint score, and the costotransverse joint score at
baseline and 2-year follow-up scores, changes in the scores for readers 1 and 2.

Reader 1 (baseline) CTSS Facet joint score Costovertebral joint score Costotransverse joint score
CTSS 1

Facet joint score 0.18 (p<0.001) 1

Costovertebral joint score 0.47 (p<0.001) 0.11 (p=0.013) 1

Costotransverse joint score 0.29 (p<0.001) -0.05 (p=0.232) 0.27 (p<0.001) 1

Reader 1 (2-year follow-up) CTSS Facet joint score Costovertebral joint score Costotransverse joint score
CTSS 1

Facet joint score 0.24 (p<0.001) 1

Costovertebral joint score 0.60 (p<0.001) 0.16 (p<0.001) 1

Costotransverse joint score 0.28 (p<0.001) -0.01 (p=0.880) 0.33 (p<0.001) 1

Reader 1 (score change) CTSS Facet joint score Costovertebral joint score Costotransverse joint score
CTSS 1

Facet joint score 0.01 (p=0.740) 1

Costovertebral joint score 0.08 (p=0.092) 0.12 (p=0.008) 1

Costotransverse joint score -0.02 (p=0.611) -0.03 (p=0.540) 0.22 (p<0.001) 1

Reader 2 [baseline) CTSS Facet joint score Costovertebral joint score Costotransverse joint score
CTSS 1

Facet joint score 0.14 (p=0.002) 1

Costovertebral joint score 0.51 (p<0.001) 0.06 (p=0.169) 1

Costotransverse joint score 0.26 (p<0.001) -0.10 (p=0.026) 0.29 (p<0.001) 1

Reader 2 (2-year follow-up) CTSS Facet joint score Costovertebral joint score Costotransverse joint score
CTSS 1

Facet joint score 0.11 (p=0.015) 1

Costovertebral joint score 0.56 (p<0.001) 0.04 (p=0.38) 1

Costotransverse joint score 0.25 (p<0.001) -0.12 (p=0.006) 0.28 (p<0.001) 1

Reader 2 (score change) CTSS Facet joint score Costovertebral joint score Costotransverse joint score
CTSS 1

Facet joint score 0.01 (p=0.899) 1

Costovertebral joint score 0.06 (p=0.215) 0.01 (p=0.979) 1

Costotransverse joint score 0.08 (p=0.088] -0.09 (p=0.051) 0.07 (p=0.110) 1

CTSS, computed tomography syndesmophyte score.

compared to previous studies.®!4 Also, baseline significant positive association with syndesmo-
facet joint ankylosis in the SIAS cohort showed a phyte progression,!> whereas we found only a
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Table 3. Univariable and multivariable regression analyses of factors predicting progression of the

syndesmophyte score.

Variables Univariate Multivariate

OR 95% CI OR 95% CI
Baseline bridging of vertebral bodies (CTSS]) 1.33 0.72-2.49 0.73 0.36-1.50
Baseline facet joint ankylosis 1.43 0.95-2.15 1.42 0.92-2.17
Baseline costovertebral joint ankylosis 5.14 2.66-9.96 4.64 2.30-9.40
Baseline costotransverse joint ankylosis 1.72 1.19-2.47 1.52 1.04-2.24

Cl, confidence interval; CTSS, computed tomography syndesmophyte score; OR, odds ratio.

tendency toward an increase in the likelihood of
CTSS progression (i.e. OR=1.415; 95% CI,
0.924-2.166 in multivariable regression analysis;
Table 3). These differences may be due to the
relatively small sample size in the present study.
Another reason could be that we only included
r-axSpA patients, whereas the ISAXSPA cohort
also included non-radiographic axSpA patients.!4
In addition, we only included r-axSpA patients
with less than 12months of disease duration,
whereas the previous two cohorts (SIAS and
ISAXSPA) had a wider range of disease durations
before enrolment.”>'4 Finally, we used a conven-
tional dose of radiation for whole spine CT,
whereas the previous studies used low-dose CT,
resulting in lower-quality images compared with
those in the present study.!® These differences in
radiation dose (conventional dose wversus low
dose) may affect the quality of the CT images and
thus the ability to score accurately/consistently!®;
for example, we may have been able to score facet
joints at C5—6 to T1-2, which may not have been
assessable in the SIAS cohort.® However, the con-
ventional dose CT which was used in the present
study also has limitations on clinical applicability
due to higher radiation dose.

The preexisting syndesmophyte or bridging on
the vertebra body is a well-known predictor for
syndesmophyte progression in r-axSpA.17-19 Also,
a higher mSASSS score at baseline was associated
with a significantly higher risk for further progres-
sion of mSASSS.20 However, some studies have
shown that baseline mSASSS or preexisting syn-
desmophytes are not associated with further spi-
nal structure progression in r-axSpA.2122 Previous
studies used C-/L-spine X-ray to evaluate base-
line spinal structural damage (mSASSS) or syn-
desmophyte,!’22 and the X-ray-based approach
has several limitations as previously mentioned in

the ‘Introduction’ section. CTSS was developed
in the SIAS cohort and showed a better detection
rate for syndesmophyte progression than the
mSASSS.78 Recent studies that used whole spine
CT did not reveal an association between preex-
isting syndesmophyte or bridging of vertebra
body were predictors for syndesmophyte progres-
sion,%815 and the preexisting bridging of vertebra
body only showed a tendency to increase the risk
of syndesmophyte progression in the present
study. Therefore, further studies with larger sam-
ple sizes and longer follow-up durations should
be conducted to clarify this issue.

The joints between the vertebra and ribs com-
prise the costovertebral and costotransverse
joints. Unlike the elbow, knee, or shoulder, these
are not fully mobile. However, gliding over each
other facilitates inspiration and expiration. The
limitation of chest expansion is one of the classifi-
cation criteria in the modified New York crite-
ria.12 This means that limited chest expansion is
an important clinical manifestation of r-axSpA,
and so evaluating ankylosis of the costovertebral
and costotransverse joints is important.!! Here,
we found that baseline ankylosis of the costover-
tebral and costotransverse joints is positively asso-
ciated with future syndesmophyte progression.
Also, a previous study of the ISAXSPA cohort
revealed that the total score for the costovertebral
joints was associated significantly with the
CTSS.10 Therefore, proper measurement of
ankylosis of the costovertebral and costotrans-
verse joints is important for predicting the chest
expansion ability and future syndesmophyte pro-
gression in patients with r-axSpA.

The present study has several limitations, the
most important of which is the small sample size.
Second, the CT used in the present study used a
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conventional dose of radiation, meaning that fol-
low-up CT was limited to avoid adverse events.
However, whole spine CT was undertaken to
evaluate the progression of structural damage for
medical needs. Third, we did not include C-/L-
spine lateral view X-rays or magnetic resonance
images of the spine. Therefore, we could not
compare the ability of these methods to detect
syndesmophytes, facet joint ankylosis, costoverte-
bral joint involvement, or costotransverse joint
ankylosis.

Conclusion

In conclusion, ankylosis of the costotransverse
joints occurs in r-axSpA patients. In addition, the
degree of baseline costotransverse joint ankylosis
may predict the progression of syndesmophytes.
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