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Abstract

Background: Ankylosing spondylitis (AS) patients seems to be at risk of osteoporosis but bone
screening is not often performed. The objective was to evaluate the effect of vertebral ankylosis
on scanographic bone attenuation coefficient (SBAC) on lumbar vertebrae in AS patients.

Patients and methods: This study included AS patients fulfilling New York criteria who
underwent both thoraco-abdomino-pelvic computed tomography and X-rays during routine
follow-up. The modified stoke ankylosing spondylitis spinal score (mSASSS) was scored on
X-rays, and the presence of at least one syndesmophyte (mSASSS>2) defined mSASSS+
patients. Ankylosis of a lumbar vertebra was defined by the presence of bone bridges to its two
adjacent vertebrae. The SBAC was measured from L1 to LS5, and the fracture threshold was set
at SBAC<145 HU.

Results: A total of 73 AS patients were included (mean age: 60.3 (£10.7) years, 65 men (89%)).
Sixty patients (82.2%) were mSASSS+; 13 patients (17.8%) presented ankylosis of at least one
lumbar vertebra. The SBAC of each lumbar vertebra was not significantly different between
mSASSS- and mSASSS+ patients. The SBAC was lower for patients with at least one bone
bridge than for patients without (p<0.05). Patients with lumbar vertebral ankylosis had a higher
risk of presenting an SBAC<145 HU (OR: 4.95 (95% CI: 1.1-17.4)).

Conclusion: The presence of a bone bridge and complete ankylosis of lumbar vertebra were
associated with a higher risk of SBAC under the fracture threshold, suggesting structural
deterioration of trabecular bone in ankylosed vertebrae in AS patients.

Key words: Ankylosing spondylitis, osteoporosis, vertebral fracture, bone mineral density, CT scan,
bone attenuation coefficient, ankylosis, mSASSS



1. Introduction

Ankylosing spondylitis (AS) is an inflammatory rheumatic disease that mostly affects young
adults. The symptomatology often concerns the axial skeleton and, less frequently, the
peripheral skeleton (hands, feet) and the enthesis, with night pain and a prolonged morning
stiffness. The pathophysiology of bone formation (syndesmophytes, enthesophytes, bone
bridges) is complex [1,2] and coexists with bone resorption (bone erosion, osteoporosis). Due
to this bone resorption, the prevalence of vertebral fracture (VF) and of its neurological
complications is increased in the AS population (odds ratio 3.26) [3]. AS patients have a higher
risk of osteoporosis, with a prevalence varying from 11.7 to 34.4% (14 to 27% in the spine and
4 to 14% in the hip) [4,5,6,7,8,9,10]. A significant bone loss was reported in 51% of patients
with early spondyloarthritis at either lumbar spine or hip [11]. Osteoporosis could be explained
by less general mechanical stress secondary to stiffness or ankylosis, coupled with reduced
local mobility at the ankylosed disco-vertebral units [10,12,13,14,15,16,17].

Dual X-ray absorptiometry (DXA) is considered the gold standard for the diagnosis of
osteoporosis. In AS patients, bone mineral density on spine DXA can be overestimated due to
the presence of new bone formation (syndesmophytes, bone bridge), especially with respect to
anteroposterior incidence [16,17,18,19,20].

Thoracic or thoraco-abdomino-pelvic computed tomography scans (CT scans), are often
performed in AS patient follow-up to explore extra-articular comorbidities, therapeutic adverse
events or before immunosuppressive drug initiation. Spine CT scans can also be performed to
evaluate acute back pain in the ankylosed spine. Trabecular bone density evaluation is available
on CT scans through the scanographic bone attenuation coefficient (SBAC) of lumbar vertebrae
[21]. The SBAC permits the estimation of trabecular bone density, avoiding cortical bone,
excessive bone formation (syndesmophytes, bone bridge) and vascular calcifications. The same
diagnostic performance for osteoporosis screening has been seen for all the lumbar vertebrae,
but L1 is the easiest identifiable [21]. Recent studies reported that an SBAC-L1 < 145
Hounsfield units (HU) was more reliable than a T-score < -2.5 SD for identifying patients at risk
of VF in rheumatoid arthritis (RA) and the general population [21,22]. Furthermore, SBAC-L1
allowed us to identify 50% of sclerodermic patients with bone fragility and was statistically
significantly associated with severity criteria of the disease [23]. CT scans offer an opportunity
to explore the trabecular bone density in the AS population and to study the effect of vertebral
ankylosis on trabecular bone density.

Our primary objective was to determine the impact of lumbar vertebral ankylosis on trabecular
bone fragility through the SBAC measure for each lumbar vertebra according to their ankylosis
status: ankylosed versus non-ankylosed. The secondary objective was to determine whether the
presence of vertebral ankylosis on mSASSS was associated with a higher risk of reaching an
SBAC under the fracture threshold (<145 HU).



2. Patients and methods
2.1. Population

This descriptive and retrospective study was performed on AS patients followed at the Nancy
University Hospital, according to the ASAS 2009 or New York-modified criteria [24,25]. To
be included in this study, patients should have performed radiographs of the pelvis and cervico-
dorso-lumbar spines as well as a thoracic, TAP or abdomino-pelvic CT scan within a delay of
two years between the two exams. The records were selected from the pre-biologic evaluation
between 2009 and March 2017.

Demographic characteristics (age, gender, smoker status, etc.), clinical data (disease duration,
activity score, etc.), biological data (C-reactive protein (CRP)) and treatments were collected
from the complete medical record.

2.2. AS radiographic assessment

The radiographs were anonymized and read on Osirix software (v6.5.1-64 bits).

The frontal pelvic radiographs or radiographs from the lumbo-sacral junction were analyzed for
sacroiliitis by two independent senior readers (MF, FV), with adjudication by a third
rheumatologist (DL) in case of discordance, according to the modified New York classification
[24,25].

Sagittal spinal radiographs (cervical and lumbar) were evaluated for the presence of squaring,
syndesmophytes or ankylosis (bone bridge) for anterior vertebral corners, from C2 inferior to
T1 superior and from T12 inferior to S1 superior (score 1 for squaring, 2 for syndesmophytes,
3 for ankylosis), according to mSASSS score, ranging from 0 to 72 [26,27]. Structural spinal
involvement was defined by an mSASSS > 2, corresponding to the presence of at least one
syndesmophyte. The mSASSS was performed by three rheumatologists (MF, FV, DL). The
diagnosis of syndesmophyte was considered if two of the three readers agreed. The mSASSS
was calculated with the adjudication for each corner, without considering grade 1, in view of
its poor reproducibility in previous studies [28,29,30]. Ankylosed lumbar vertebra was defined
by the presence of bone bridges with its two adjacent vertebrae. Partial ankylosed vertebra was
defined by the presence of a bone bridge with only one of its adjacent vertebrae. The level and
number of ankylosed lumbar vertebrae were then evaluated.

2.3. Reproducibility of the measures (mSASSS and sacroiliitis)

Intrareader reproducibility was performed on 30 exams and interreader reproducibility on all
exams between the three readers for sacroiliitis and mSASSS.

2.4. Densitometric scanographic bone evaluation (scanographic bone attenuation
coefficient of L1: SBAC-L1) (Figure 1)

All CT scans were performed at the Nancy University Hospital and were read on OSIRIX
software (v6.5.1-64 bits). A total of 73 CT scans were available: 67 TAP CT scans, 3 thoracic
CT scans and 3 abdominopelvic CT scans.

The SBAC was measured on axial sections through the pedicles in the bone window for each
lumbar vertebra. The largest elliptical region of interest (ROI) was drawn in the trabecular bone
and provided the average bone mineral density (in HU). This evaluation was performed by only
a reader (MF) because we have previously shown the excellent intra- and interreader reliability
of the SBAC-L1 (kappa > 0.9) [23]. Pickardt et al. showed that CT scans performed similarly
from T12 to L5 for the SBAC measure [21].



A threshold of 145 HU was used because it identified 96.6% of the patients with VF in a general
population, whereas the DXA (with T-score <-2.5 SD) identified only 39% of the patients with
VF in the same population [21]. This threshold of 145 HU was used to maintain an acceptable
balance between sensitivity and specificity in this population, in which a higher risk of bone
fragility is suspected.

2.5. Ethics approval

All of the data used were obtained from the medical records. No supplementary examination
was performed for patients to meet the inclusion criteria. This study is registered to the
Information Technology and Freedoms Commission for the University Hospital of Nancy (file
number: 2019PI007) and was designed in accordance with the general ethical principles
outlined in the Declaration of Helsinki. The protocol of this study was approved by the
Information Technology and Freedoms Commission. All patients gave their consent for the use
of their medical data during the time period they received medical care at the University
Hospital.

2.6. Statistical analysis

Both descriptive and comparative analyses were conducted by accounting for the nature and
distribution of the variables. Qualitative variables were described as frequencies and
percentages; quantitative variables were evaluated with the mean + standard deviation (SD) or
with the median and interquartile range (IQR). For quantitative variables, Student’s t test or the
Mann-Whitney U test were used. For qualitative variables, the chi-squared test was used, along
with Fisher’s exact test if necessary. The association between the trabecular bone density of
each lumbar vertebra (L1 to L5), measured by the SBAC, and structural spinal involvement
was analyzed by logistic binary regression with the odds ratio (OR) and its 95% confidence
interval (95% CI). The Kruskal-Wallis test was performed to study the relationship between the
SBAC of the lumbar vertebra and the ankylosed status.

To analyze the intrareader and interreader reliabilities, we used Cohen’s kappa method. The
risk o was established as 0.05. IBM™ SPSS Statistics v23 was used for the data analysis.



3. Results

3.1. Population

Of 1503 spondyloarthritis patients followed between 2009 and 2017 and screened for biologic
treatment initiation, 73 patients fulfilled the inclusion criteria. The mean age was 60.3 years
(+/- 10.7), with a large predominance of men (89%). The disease duration was 24.6 years (+/-
24), and the mean BASDAI, BASFI and ASDAS were 7.2 (+/-10.5), 43.5 (+/-23.7) and 3.4 (+/-
1.2), respectively. Patients were mainly treated with TNF-blockers (58.9% of the patients), and
NSAIDs (67.1% of the patients). A total of 9.6% took corticosteroids (Table 1). The mean
duration between radiographs and CT scans was 75.6 days (£166.4).

Concerning osteoporosis screening, 53 patients (72.6%) had at least one clinical or biological
risk factor for osteoporosis. Sixteen (21.9%) underwent spine DXA during their follow-up.
Among them, five patients had osteoporosis on DXA when the 3 sites (spine, total hip and
femoral neck) were taken into account. VFs were depicted in 9 patients on radiographs. DXA
images were available for three of them. One patient presented osteoporosis (T-score: -2.7 SD),
another patient was classified with osteopenia (T-score: -1.9 SD), and the last one had a normal
T-score (+0.6 SD). Among the 73 patients, 11 (15.1%), 16 (21.9%) and 12 (16.4%) took
calcium tablets, vitamin D supplementation and specific anti-osteoporotic drugs, respectively.
The anti-osteoporotic treatments were bisphosphonates (10/12: zoledronic acid, alendronate,
risedronate, pamidronate), denosumab (1/12) and strontium renalate (1/12).

3.2. AS radiographic assessment (Figure 2)

All patients presented sacroiliitis on radiographs. The kappa coefficients were 0.71 (95% CI:
0.49-0.89) and 0.82 (95% CI: 0.7-0.93) for the right sacroiliac joint and 0.54 (95% CI: 0.30-
0.75) and 0.69 (95% CI: 0.55-0.82) for the left sacroiliac joint, for inter- and intrareader
reproducibility, respectively.

Concerning spinal involvement, the cervical spine assessment was technically limited by spine
deformity and ankylosis. Indeed, an optimal assessment of this segment was obtained for 79.5%
of the patients. Fourteen patients (19.2%) had no spinal lesions. The mean mSASSS was 20.7
(£21.3), and 60 patients (82.2%) presented an mSASSS > 2. Thirty-seven patients (50.7%) had
at least one bone bridge on the spine, and six patients (8.2%) had a bamboo spine. For the
lumbar segment, 17 (23.3%) and 13 (17.8%) patients had complete or partial vertebral
ankylosis, respectively. The intra- and interreader reproducibility for spinal structural
involvement was excellent. For the mSASSS, the kappa coefficients were 0.97 (95% CI: 0.93-
0.98) and 0.97 (95% CI: 0.95-0.98) for intra- and interreader, respectively. Adjudication
resulted in the reclassification of three patients in the mSASSS- group.

3.3. Densitometric scanographic bone evaluation of lumbar vertebrae (SBAC)

Two patients had no available evaluation at L2, L3, L4 and L5 levels, one at L5 vertebra and
one at L1 vertebra, due to severe spine deformation. All four patients were in the mSASSS+
group. The mean SBAC was 141.1 HU (#45) for L1, 130.4 HU (£52.9) for L2, 127.9 HU
(£52.2) for L3, 124.3 HU (£58.2) for L4 and 135 HU (+56.7) for L5. There was not significant
difference between the mean SBAC for each lumbar vertebra between patients with or without
vertebral fractures (p non-significant); 7 of the 9 patients with VF have a SBAC for most lumbar
vertebrae under the fracture threshold. We found no statistically significant association between
SBAC from L1 to L5 and mSASSS status. However, there was a significant difference in SBAC
values between patients with bone bridges versus patients without bone bridges (p < 0.01).
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Compared to patients without bone bridges, patients with bone bridges of the lumbar vertebrae
more frequently presented an SBAC under the fracture threshold of 145 HU (for each lumbar
vertebra) (p < 0.05). Thirty-four patients (91.9%) with bone bridges on mSASSS presented an
SBAC under the fracture threshold for one of the five lumbar vertebrae (Table 2). We did not
find any correlation between the bone mineral density or T-score and the SBAC for each lumbar
vertebra.

3.4. Association between SBAC of the lumbar vertebra and ankylosed status

The mean lumbar SBAC progressively decreased according to the degree of lumbar vertebra
ankylosis from 150.5 HU (£44.9) in non-ankylosed vertebrae to 137.9 HU (£44.7) for partial
ankylosed vertebrae (p<0.05) and 79.3 HU (#43.9) in ankylosed vertebrae (p<0.001).
Seventeen (23.3%) and 13 (17.8%) patients had at least one lumbar vertebra with complete or
partial ankylosis, respectively. Complete ankylosis of the lumbar vertebra was associated with
an increased risk of SBAC under the fracture threshold (OR = 4.95; 95% CI:1.10-17.36). For
partial ankylosis of the lumbar vertebrae, only the L3 and L4 vertebrae were associated with
this risk (OR = 11.8 (95% CI:1.82-25.67) and 15 (95% CI:2.54-30.85)), respectively. (Table 3
and Figure 2)



4. Discussion

This study is the first to show that severe spinal involvement, such as bone bridges in cervical
or lumbar spine segments on mSASSS is associated with lower lumbar SBAC values. More
precisely, local partial and complete ankylosis of any lumbar vertebra were associated with
lower values of lumbar SBAC (L1 to LS5), suggesting deterioration of the trabecular bone
density in AS. In our AS patients, nearly 60% presented bone fragility with an SBAC<145 HU.

The population of this study was similar to other AS populations, such as the OASIS or
GESPIC cohorts [31]. Our patients were more frequently treated with TNF-blockers (58.9%),
but NSAID intake was similar to that of other cohorts (approximately 67%). In the OASIS
cohort, 19% of the patients were mSASSS- [32], which was similar to our population (with
18.7% of mSASSS-). However, the mean mSASSS was higher (20.7) in our population than
in the OASIS cohort (10.8), probably because our study included older patients with a longer
disease duration [32]. We have also shown that osteoporosis screening is not automatically
performed in routine care, despite the recommendations of French Society for Rheumatology
(SFR) about the screening and management of comorbidities, including osteoporosis in
spondyloarthritis patients [33]. In our patients, only 22% had undergone DXA, whereas more
than 72% of them had at least one clinical or biological risk factor for osteoporosis. One of
the limits of this study was the low number of DXA performed in our population. We did not
find any correlation between the bone mineral density or T-score and the SBAC for each
lumbar vertebra. Due to the low number of DXA, we are not able to conclude about this
correlation. All of the patients with osteoporosis or low BMD (osteopenia) on DXA have a
SBAC for each lumbar vertebra under the fracture threshold of 145 HU. Some studies showed
an interest in the use of trabecular bone score (TBS), not influenced by syndesmophytes and
correlated to lumbar BMD [19,34].

The mSASSS evaluates spinal damage in AS from the antero-inferior corner of C2 to the antero-
superior corner of T1 and from the antero-inferior corner of T12 to the antero-superior corner
of S1 [26,27]. In our study, the cervical evaluation was technically limited due to severe
ankylosis and deformation; however, 79.5% of the patients had an optimal assessment of the
cervical spine. As previously reported, we obtained very good reproducibility for mSASSS with
a kappa coefficient of 0.97 for intra- and interreaders [35,36,37]. Only anterior vertebral corners
were evaluated with the mSASSS. The posterior segment of the spine was not evaluated;
however, various studies have shown that 20 to 50% of AS patients had facet joint ankylosis in
the cervical and/or lumbar spine associated with anterior spinal involvement [38,39]. On
radiographs, posterior ankylosis assessment is difficult due to the two-dimensional projection
of the lumbar facet joints. In our study, we were not able to compare patients with isolated
cervical or lumbar bone bridges due to the small number in each group (only 7 patients with
isolated cervical bone bridges and 9 with isolated lumbar bone bridges).

We did not show any association between SBAC and mSASSS. This could be explained by the
fact that mSASSS is a composite score assessing different structural damages: squaring,
erosion, syndesmophyte and bone bridge, reflecting different levels of structural severity.
Squaring and erosion were excluded from our analysis due to poor intra- and interreader
reliabilities, as previously mentioned in the literature [28,29,30]. In this study, we showed that
SBAC significantly decreased when vertebrae presented at least one bone bridge in the cervical



or lumbar spine. Moreover, when we studied the local interaction between the degree of lumbar
vertebra mobility and the lumbar SBAC (L1-L5) values, AS patients with at least one bone
bridge presented a statistically significant risk of having an SBAC under the fracture threshold
compared to AS patients with no ankylosis or only syndesmophytes without bone bridges. Our
study did not respond to a potential deleterious effect of syndesmophytes on SBAC since the
number of patients without spinal lesions was too low (n=14).

The use of SBAC is interesting in AS patients because this technique permits direct evaluation
of the trabecular bone density, avoiding cortical artifacts, such as osteophytes and
syndesmophytes, as well as other artifacts (vascular calcifications) frequently observed in
elderly AS patients. Furthermore, the SBAC measure is very reproducible [23,40] and easy to
perform. This method could be used in daily practice to consider initial opportunistic bone
screening on CT scans already performed during AS patients’ follow-up (treatment side effects,
comorbidity evaluation, emergency, etc.). The SBAC was not available for four patients.
Among these four patients, SBAC of L2, L3, L4 and L5 levels were not available for two
patients, SBAC of L1 for one patient and SBAC of L5 for another patient because spinal
deformation made the measurement impossible in the region of interest. For these patients, the
SBAC evaluation was performed on the available vertebrae. All of these patients were in the
mSASSS+ group.

This study is the first to evaluate the consequence of spinal ankylosis on trabecular bone density
using opportunistic CT scans in AS patients. Complete ankylosis of the lumbar vertebra and
partial ankylosis of L3 and L4 were associated with lower values of SBAC, suggesting
deterioration of the trabecular bone structure in ankylosed vertebrae. The deterioration of
trabecular bone attenuation could be explained by a loss of mechanical strain related to
ankylosis (partial or total). Indeed, we know that mechanical strain on the bone increases its
density, as in physical activity [41,42,43,44]. Moreover, bone ankylosis may also reflect
patients with a more severe disease and more biological inflammation [45], resulting in less
physical activity and mobility. Local or systemic inflammation could also increase spinal bone
loss. This hypothesis may be suggested in our population since patients with bone bridges had
more severe disease activity measured by the ASDAS. This study raises questions about the
sensitivity to changes in SBAC over time and the effect of biologic treatments and anti-
osteoporotic drugs on trabecular bone mineralization. Further longitudinal studies are needed
to answer these questions.

In conclusion, we showed that CT scans is an alternative exam for screening bone fragility
(through the SBAC of each lumbar vertebrae) in AS patients. The SBAC measure is highly
reproducible and can be easily performed in daily practice on opportunistic CT scans
(performed for any other indication). We showed that patients with bone bridges on mSASSS
(cervical or lumbar segments) and patients with lumbar ankylosis (total or partial) had a higher
risk of presenting an SBAC under the fracture threshold. Patients with spinal ankylosis should
be screened for osteoporosis, regardless of other osteoporosis risk factors, using opportunistic
CT scans and DXA (the gold standard). The bone loss kinetics and structural progression should
also be investigated in further longitudinal studies.
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Table 1: Demographical and clinical characteristics of the 73 AS patients according to the mSASSS (mSASSS
+/mSASSS -) and bone bridge status

population MSASSS+ mSASSS-p L0 TR
n=73 n=60 n=13 n=37 n=23
Demographic and clinical Age (n=73) 60.3 (60) 62 (61) 52.7(57) NS 62 (57.5-73) 59 (53-67) NS
Men (n=73) 65 (89) 53 (88.3) 12 (92.3) NS 34 (91.9) 19 (82.6) NS
Smoker (n=48) 31 (42.5) 25 (41.7) 6 (46.2) NS 17 (45.9) 8 (34.8) NS
Alcohol intake (n=28) 4 (5.5) 4 (6.7) 0(0) NS 4 (10.8) 0(0) NS
AS characteristics Disease duration (n=71) 24 (12-34) 25 (13-35) 152'2 (31)2_ NS 273(51 258_ 24 (11-35) NS
BASFI (n=58) 43.5(23.7) 44.5(22.2) 41.2(30.8) NS 46.7 (22.2) 42 (22.4) NS
BASDAI (n=62) 7.2 (10.5) 7.1 (10.5) 8.4 (11.3) NS 7.2 (12.7) 6.9 (7.3) NS
ASDAS (n=21) 3.4(1.2) 3.4(0.9) 3 (2.6) NS 3.7(1) 2.81(0.6) <0.05
HLA B27 (n=69) 46 (63) 39 (65) 7 (53.8) NS 26 (70.3) 13 (56.5) NS
CRP (n=69) 31 (42.5) 28 (46.7) 3(23.1) NS 18 (48.6) 10 (43.5) NS
mSASSS (n=73) 20.7(21.2)  25.1(20.8) 0(0) 0.0001 37.2(17.8) 594.2) 0.0001
Mean grade of left sacroiliitis (n=73) 3.3 (0.8)
Mean grade of right sacroiliitis (n=73) 3.4 (0.6)
Treatments Corticosteroids (n=49) 7 (9.6) 5(8.3) 2(15.4) NS 3@8.1) 2 (8.7) NS
NSAIDs (n=51) 49 (67.1) 44 (73.3) 5(38.5) NS 30 (81.1) 14 (60.9) 0.05
PPI Proton Pump Inhibitor (n=15) 15 (20.5) 14 (23.3) 1(7.7) / 9(24.3) 5(21.7) /
TNF-blockers (n=43) 43 (58.9) 36 (60) 7 (53.8) / 23 (62.2) 13 (56.5) /
Osteoporosis >1 risk factor(n=73) 53 (72.6) 46 (76.7) 7 (53.8) NS 29 (78.4) 17 (73.9) NS
Vitamin D and/or calcium (n=73) 18 (24.6) 14 (23.3) 4 (30.8) NS 9(24.3) 5(21.7) NS
Anti-osteoporotic drug (n=72) 12 (16.4) 9 (15) 3(23.1) NS 8 (21.6) 1(4.3) NS

AS: ankylosing spondylitis, ASDAS: Ankylosing Spondylitis Disease Activity Score, BASDALI: Bath ankylosing spondylitis disease activity index,
BASFTI: Bath ankylosing spondylitis functional index, CRP: C-reactive protein, mSASSS: modified Stoke Ankylosing Spondylitis Spinal Score,
NS: non-significant, NSAIDs: Non-steroidal anti-inflammatory drugs, TNF: tumor necrosis factor

Age in the mSASSS+ group and disease duration are the median (IQR), whereas age in the general population, BASDAI, BASFI, and ASDAS
are the mean (+ SD). In the comparisons, Student’s t-test or the Mann-Whitney U test were used. For qualitative variables, the chi-square test
with, if necessary, the exact calculation of Fisher was used. The risk a was established as 0.05
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Table 2: Scanographic bone evaluation of the lumbar spine according to the mSASSS and bone bridge

status.
Total mSASSS + mSASSS — Bone bridge Bone bridge
population N=60 N=13 P + N=37 — P

N=73 N=23
SBAC-L1 141.1 (45) 138.1 (44.8) 154.8 (44.9) NS 123.9(41.1) 160.4 (41.9) <0.01
< 145 HU 42 (57.5) 36 (60) 6 (46.2) NS 27 (73) 9(39.1) <0.01
SBAC-L2 130.4 (52.9) 127.2(55.1) 144.5(41.1) NS 111.5(48.8)  149.8 (50.5) <0.01
< 145 HU 42 (57.5) 35(58.3) 7 (53.8) NS 26 (70.3) 9(39.1) <0.05
SBAC-L3 127.9(52.2) 1249(54.4) 141.3(39.9) NS 105.2(53.1) 151.3 (40.1) <0.001
< 145 HU 47 (64.4) 39 (65) 8 (61.5) NS 29 (78.4) 10 (43.5) <0.01
SBAC-L4 1243 (58.2) 119.7(61.2) 145 (38.8) NS 99.7 (61.2) 152.5 (41.1) <0.001
<145 HU 45 (61.6) 37 (61.7) 8 (61.5) NS 27 (73) 10 (43.5) <0.05
SBAC-L5 135 (56.7) 132.1(59.4) 147.8 (42.3) NS 106.6 (51.7)  163.4 (46.8) <0.001
<145 HU 40 (54.8) 34 (56.7) 6 (46.2) NS 29 (78.4) 5Q2L7) <0.001

HU: Hounsfield unit; mSASSS: modified Stoke Ankylosing Spondylitis Spinal Score; NS: non-significant; SBAC: scanographic bone

attenuation coefficient

SBAC values expressed as the mean (SD), threshold < 145 HU in n (%)
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Table 3: Number and percentage of lumbar vertebrae with an SBAC<145 HU according to structural

involvement (syndesmophytes, partial or total ankylosis)

SBAC L1 SBAC L2 SBAC L3 SBAC L4 SBAC L5
<145 HU p <145 HU p <145 HU p <145 HU p <145 HU P
n (%) n (%) n (%) n (%) n (%)
Without structural
impairment 20 (47.6) 21 (47.7) 20 (54.1) 19 (47.5) 20 (43.5)
Syndesmophyte(s) 5(71.4) NS 5(62.5) NS 8(53.3) NS 9 (69.2) NS 5(50) 0.05
Partial ankylosis 8 (66.7) NS 7 (63.6) NS 9 (90) <0.01 8 (80) <0.01 7 (87.5) NS
Total ankylosis 9 (75) <0.05 10 (100) <0.01 10(90.9) <0.001 9 (90) <0.001 8 (88.9) <0.01

HU: Hounsfield units. L1/L2/L3/L4/L5: first/second/third/fourth/fifth lumbar vertebra. NS: non-significant. SBAC: scanographic bone

attenuation coefficient. SD: standard deviation
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Figure legends

Figure 1: SBAC-L1 measurement on normal spines (A), spines with syndesmophytes (B) and ankylosed
spines (C)

(sagittal lumbar spine radiographs and CT scan in the bone window and axial CT scan section of L1 with
SBAC-L1 measured on the ROI)

Figure 2: SBAC of the lumbar vertebrae according to their structural involvement
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