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Abstract

Objectives To investigate the association between bone mineral status and spinal radiographic damage in patients with ankylos-
ing spondylitis (AS) and determine whether bone mineral status can predict further spinal radiographic damage after 2 years.
Methods Bone mineral density (BMD) of the lumbar spine (anteroposterior and lateral projections), femoral neck, and total hip
and trabecular bone score (TBS) of the lumbar spine were measured in AS patients (n = 54) who fulfilled the modified New York
criteria. Spinal radiographic damage was scored on cervical and lumbar spine radiographs using modified Stoke Ankylosing
Spondylitis Spinal Score (mSASSS) at baseline and after 2 years. Simple and multiple linear regression analyses were performed
to examine predictors of spinal radiographic damage.

Results Patients with advanced AS exhibited low BMD on lumbar spine lateral projections, femoral neck, and total hip and low
TBS. Low vertebral bone mass at baseline, assessed by BMD of the lateral projections or TBS, was independently associated
with baseline mSASSS. After 2 years, mSASSS change from baseline was significantly associated with high baseline mSASSS,
high baseline erythrocyte sedimentation rate and C-reactive protein (CRP) levels, and low baseline BMD of the lumbar spine
lateral projections. The best predictive model for spinal radiographic progression consisted of baseline mSASSS, baseline CRP,
and low BMD of lateral lumbar spine (area under curve = 0.826).

Conclusions BMD at vertebral lateral projections and TBS were inversely associated with baseline mSASSS in AS patients. Low
BMD at vertebral lateral projections, as well as baseline mSASSS and inflammatory markers, might predict spinal radiographic
damage in AS.

Key Points

* Vertebral bone mineral density of lateral projections and trabecular bone score are inversely associated with baseline mSASSS in patients with
ankylosing spondylitis.

* Baseline mSASSS, inflammatory markers, and low vertebral bone mineral density might predict spinal radiographic progression in patients with
ankylosing spondylitis.
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twice the precision that lateral projection in normal sub-
jects [9]. However, in AS patients, lumbar spine BMD in
the AP projection can be overestimated due to new bone
formation at the vertebral margin, facet joints, or liga-
ments during the disease process. Various alternative
methods for assessing the vertebral bone status of AS
patients have been investigated. Areal BMD of lateral
projections, volumetric BMD estimated by DXA, and
quantitative computed tomography (QCT) appear useful
for evaluating vertebral bone mass, regardless of spinal
damage [1, 10—14]. A recent study also showed that tra-
becular bone score (TBS), which is used to assess bone
microarchitecture, can identify risk of osteoporosis and
vertebral fracture in AS [8].

Mechanisms of bone loss in AS are multifactorial and
include spinal immobility, genetics, inflammation, disease
activity, and medications [14—17]. Localized as well as
systemic inflammation appears to contribute to trabecular
bone loss in AS [1, 3, 18-22]. Paradoxically, vertebral
bony overgrowth (syndesmophytes) develops in patients
with AS, and inflammation can also influence
syndesmophyte formation [23-25]. Radiographic spinal
damage is found more commonly in patients with a longer
disease duration, but bone loss is frequently found in pa-
tients with both early and late AS [26]. Bone loss and
syndesmophyte formation appear to be related, but a caus-
ative relationship has not yet been proven.

The purpose of our study was to examine the association
between bone mineral status and radiographic spinal damage
in AS. Bone mineral status was assessed using DXA of lum-
bar spine AP projections, lateral projections, and proximal
femur as well as TBS. In addition, we investigated whether
vertebral bone mineral status can predict radiographic spinal
damage after 2 years.

Materials and methods
Study population

We consecutively enrolled patients with AS who visited
Seoul St. Mary’s hospital from September 2015 to
January 2016. Patients > 19 years of age who fulfilled the
modified New York criteria for diagnosis of AS were in-
cluded in this study [27]. Patients with a history of thyroid
or parathyroid disease, excessive alcohol uptake, or chron-
ic renal disease were excluded. Informed consent was ob-
tained from the study participants. This study was ap-
proved by the ethics committee of Seoul St. Mary’s hospi-
tal, the Catholic University of Korea (KC150IS10012) and
was performed in accordance with the Declaration of
Helsinki.
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Assessment of bone mineral density

BMD of lumbar spine AP projections (vertebrae L1 to L4) and
lateral projections (vertebrac L2, L3, and L2 to L3), femoral
neck (left), and total hip (left) was evaluated by DXA (GE
Healthcare Lunar, Madison, WI, USA). The BMD of the lat-
eral projections of the lumbar vertebrae was measured without
including the intervertebral disc and posterior spinal segment.
Lateral lumbar spine BMD was measured with participants
lying on their side with hips and knees flexed and pelvis
aligned perpendicular to the margin of scanning table.
Patient positioning was helped by using a positioner to sup-
port the head, knees, and pelvis. Grams per square centimeter
(g/cm?), as well as T score (compared with values of young
adults of the same sex) and Z score (compared with values of
adults of the same age and same sex), is reported for the AP
lumbar spine, femoral neck, and total hip. BMD of the lateral
lumbar spine is presented as g/cm>. Reproducibility of DXA
represented as coefficient of variation is 1.0% for the lumbar
spine AP projections, 5.3% for the lumbar spine lateral pro-
jections, 1.5% for the femur neck, and 0.9% for the total hip.
Reference standard for 7 score is Asian population.

For individuals > 50 years of age, World Health
Organization definitions were used to determine osteopenia
(T'score <—1 to >—2.5 standard deviations [SD]) and osteo-
porosis (T'score <— 2.5 SD) [28]. For individuals < 50 years of
age, Z score <— 2 SD was considered to be below the expected
range for age [29] and a Z score < — 1 to >— 2 SD was defined
as subnormal [18]. Because 7"and Z scores for lateral lumbar
spine BMD are not available, AP lumbar spine, femoral neck,
and total hip BMD values were used to examine the preva-
lence of low BMD (osteopenia and osteoporosis for individ-
uals > 50 years of age; Zscore<— 1 to>—2 and Zscore <—2
for individuals < 50 years of age).

Assessment of trabecular bone score

TBS was extracted from DXA images of the AP lumbar spine
using TBS iNSight® software (Version 2.0.0.1, Med-Imaps,
Bordeaux, France). TBS (L1 to L4) is determined by using the
same region of interest as the DXA lumbar spine, and evalu-
ates the trabecular microarchitecture of the lumbar spine and
provides information on bone quality [30]. TBS <1.35 was
considered to indicate a partially degraded or degraded
microarchitecture [30].

Spine radiographs

Radiographic scoring of the cervical and lumbar spine was
performed at baseline and after 2 years using the modified
Stoke Ankylosing Spondylitis Spinal Score (mSASSS) [31].
Lateral views of cervical and lumbar spine radiographs were
used, and anterior edges of vertebrae from the lower border of
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C2 to the upper border of T1 and from the lower border of T12
to the upper border of the sacrum were scored as follows: 0 =
no abnormality; 1 = erosion, sclerosis, or squaring; 2 =
syndesmophyte; 3 = bridging syndesmophyte (total score 0—
72). mSASSS was determined by two experts blinded to the
clinical information and if they disagreed on scores, the final
score was reached by consensus. Mild, moderate, or advanced
AS was determined based on baseline mSASSS: mild =
mSASSS < 4; moderate = mSASSS >4 to < 10; advanced =
mSASSS > 10.

Demographic and clinical variables

Baseline characteristics such as age, sex, body mass index
(BMI), disease duration, human leukocyte antigen-B27 posi-
tivity, serum erythrocyte sedimentation rate (ESR), and C-
reactive protein (CRP) levels were examined as were current
medications. Current medications included non-steroidal anti-
inflammatory drugs (NSAIDs), sulfasalazine, methotrexate,
tumor necrosis factor-alpha (TNF-«) inhibitors, glucocorti-
coids, bisphosphonate, and calcium/vitamin D.

Statistical analysis

Data are expressed as means (SDs) or medians (interquartile
ranges, IQRs) for continuous variables and numbers
(percentages) for categorical variables. BMD of the lumbar
spine (AP and lateral projections), femoral neck, and total
hip in addition to TBS of the lumbar spine are described ac-
cording to the severity of AS (mild, moderate, or advanced
AS). Differences in BMD or TBS among mild, moderate, and
advanced AS patients were analyzed by the Jonckheere-
Terpstra test. Differences between AP and lateral lumbar spine
BMD (g/cm?) according to groups with increasing numbers of
syndesmophytes were also evaluated using the Jonckheere-
Terpstra test. Spearman’s correlation coefficients were calcu-
lated to assess the association between mSASSS and BMD or
TBS. To examine whether baseline BMD can predict spinal
radiographic damage after 2 years, simple and multiple linear
regression analyses were used with setting the “mSASSS
change over 2 years” as a dependent variable. Variables which
had p values less than 0.2 in simple linear regression were
included in multiple linear regression analysis (backward
elimination method). ESR and CRP were considered separate-
ly in the multiple linear regression models to avoid
multicollinearity. The best predictive model for spinal radio-
graphic progression (defined as mSASSS change >2 over
2 years) was selected using logistic regression analysis and
receiver operating characteristic (ROC) curve analysis. All
statistical analyses were performed using IBM SPSS
Statistics 20.0 (IBM Corp., Armonk, NY, USA). p<0.05
was considered statistically significant.

Results
Baseline characteristics of the study population

Fifty-four patients with AS were enrolled in this study. Mean
(SD) age was 40.2 (9.1) years and 38 patients (70.4%) were
men. Mean (SD) disease duration was 8.1 (6.6) years. Thirty
patients (55.6%) had syndesmophyte(s) at baseline. Median
(IQR) mSASSS was 7 (3—17) at baseline. Number
(percentage) of patients who were taking medications at the
time of the study is shown in Table 1.

Bone mineral status of the study population

BMD and TBS were measured in all study participants at
baseline (Table 2). There was a discrepancy between AP and
lateral lumbar spine BMD: mean AP lumbar spine BMD was
1.22 g/cmz, whereas mean lateral lumbar spine BMD was
0.96 g/cm?®. Femoral neck and total hip BMD were as low as
the lateral lumbar spine BMD. Mean TBS of the lumbar spine
was 1.37.

Table 1  Baseline characteristics of the study population

Total patients (n = 54)

Age, years, mean (SD) 40.2 (9.1)
Male sex, n (%) 38 (70.4)
BMI, kg/m?, mean (SD) 24.6 (3.6)
Disease duration, years, mean (SD) 8.1 (6.6)
HLA-B27-positive, n (%) 43 (82.7)
ESR, mm/h, median (IQR) 12.5 (6-25)

CRP, mg/dl, median (IQR)
mSASSS

0.23 (0.06-0.55)

Median (IQR) 7 (3-17)
Mean (SD) 14.7 (18.7)
Number of syndesmophytes
Median (IQR) 1 (0-5)
Mean (SD) 3.04.3)
Presence of syndesmophytes, n (%) 30 (55.6)
Current medications, 7 (%)
NSAIDs 49 (90.7)
Sulfasalazine 24 (44.4)
Methotrexate 3(5.6)
TNF-« inhibitors 27 (50.0)
Glucocorticoids 1(1.9)
Bisphosphonate 2(3.7)
Calcium/vitamin D 8 (14.8)

HLA, human leukocyte antigen; BMI, body mass index; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; mSASSS, modified Stoke
Ankylosing Spondylitis Spinal Score; NSAID, non-steroidal anti-inflam-
matory drug; TNF, tumor necrosis factor; SD, standard deviation; /QOR,
interquartile range
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Table 2 Bone mineral density
and trabecular bone score of the

Total patients (n = 54)

study population
BMD, g/cmz, mean (SD)

AP lumbar spine

Lat lumbar spine, L3
Lat lumbar spine, L2-3
Femoral neck

Total hip

1.22 (0.20)
0.96 (0.29)
0.96 (0.29)
0.95 (0.18)
0.97 (0.17)

Patients with osteopenia (WHO definition)** or Z score<— 1 to >— 2° n (%)

By AP lumbar spine

By AP lumbar spine, femoral neck, or total hip

6 (11.1%)
14 (25.9%)

Patients with osteoporosis (WHO definition)® or Z score <—21%, n (%)

By AP lumbar spine

By AP lumbar spine, femoral neck, or total hip

TBS, mean (SD)
Lumbar spine

Patients with partially degraded/degraded bone microarchitecture (TBS < 1.35), n (%)

5(9.3%)
10 (18.5%)

1.37 (0.12)
22 (40.7%)

BMD, bone mineral density; AP, anteroposterior; Lat, lateral; WHO, World Health Organization; 7BS, trabecular

bone score; SD, standard deviation

*Tscore<—1to>—2.5SD; {7 score <—2.5 SD; Ibelow the expected range for age

For patients > 50 years of age; ° for patients < 50 years of age

Among all AS patients, 25.9% had osteopenia or a Z score
<—1to>—2.0 and 18.5% had osteoporosis or a BMD below
the expected range for age (Z score <—2). When using only
BMD of the AP lumbar spine, the number of patients with
osteopenia or a Z score <— 1 to >—2.0 and osteoporosis or a
BMD below the expected range for age was underestimated
(11.1% and 9.3%, respectively).

BMD of the lateral lumbar spine showed a good correlation
with the BMD of the femoral neck or total hip. BMD of the
lateral lumbar spine (L3) was correlated with femoral neck
BMD (p=0.491, p<0.001) and total hip BMD (p=0.432,
p=0.001). BMD of the lateral lumbar spine (L2—-3) was cor-
related with femoral neck BMD (p=0.566, p <0.001) and
total hip BMD (p =0.504, p < 0.001). TBS of the lumbar spine
showed a modest correlation with BMD of femoral neck (p =
0.387, p=0.004) and total hip (p=0.452, p=0.001).

Association between bone mineral status
and mSASSS

Among 54 patients, 18 patients, 14 patients, and 22 patients
had mild, moderate, and advanced AS, respectively. BMD of
the lateral lumbar spine decreased significantly as the severity
of spinal damage increased (Table 3). TBS of the lumbar spine
decreased significantly according to the severity of damage. In
contrast, BMD of the AP lumbar spine tended to increase as
the severity of spinal damage increased. Difference between
the AP and lateral BMD of the lumbar spine increased signif-
icantly as the number of syndesmophytes increased (Fig. 1).

@ Springer

mSASSS was negatively correlated with lateral lumbar
spine BMD and lumbar spine TBS (Online Resource 1).
mSASSS and femoral neck or total hip BMD were negatively
correlated, but without statistical significance. Low vertebral
bone mass assessed by DXA of lateral projections or TBS was
significantly associated with mSASSS after controlling for
variables such as age, sex, BMI, and CRP (data not shown).

Baseline BMD of lateral lumbar spine can predict
spinal radiographic damage after 2 years

Among the 54 enrolled patients, 51 patients (94.4%) complet-
ed the 2-year follow-up radiographic spinal scoring. Baseline
characteristics of patients who completed follow-up were sim-
ilar to those of enrolled study population. Seventeen patients
among 54 patients (31.5%) showed spinal radiographic pro-
gression (MSASSS change > 2 over 2 years). Mean mSASSS
change was 1.3 during the 2-year follow-up period.

Baseline ESR and CRP, baseline mSASSS, lateral BMD of
L2 vertebrae, and TBS of lumbar spine were associated with
mSASSS changes after 2 years based on univariable linear
regression analyses (Table 4). ESR or CRP variables were
included separately in the models of multivariable analyses.
Multivariable-ESR model showed that baseline mSASSS and
baseline ESR were associated with mSASSS changes.
Multivariable-CRP model showed that lateral BMD of L2
vertebrae and baseline CRP were associated with mSASSS
changes. High baseline ESR or CRP levels, high baseline
mSASSS, and low baseline BMD of the lumbar spine at the
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Table 3 Bone mineral density
and trabecular bone score Mild AS Moderate AS Advanced AS p
according to the spinal (n=18) (n=14) (n=22) value
radiographic severity of mSASSS <4 mSASSS >4,<10  mSASSS>10
ankylosing spondylitis
BMD, AP lumbar spine, g/cm2 1.19 (0.16) 1.26 (0.21) 1.23 (0.21) 0.487
BMD, Lat lumbar spine, L2, 1.09 (0.29) 1.06 (0.31) 0.90 (0.28) 0.020
2
g/cm
BMD, Lat lumbar spine, L3, 1.03 (0.28) 1.10 (0.30) 0.82 (0.22) 0.005
g/em®
BMD, Lat lumbar spine, L2-3, 1.00 (0.32) 1.08 (0.27) 0.86 (0.24) 0.038
g/em®
BMD, Femoral neck, g/cm2 0.97 (0.21) 1.01 (0.19) 0.90 (0.12) 0.153
BMD, Total hip, g/cm? 0.99 (0.19) 1.02 (0.20) 0.91 (0.11) 0.080
TBS, Lumbar spine 1.42 (0.10) 1.37 (0.09) 1.32 (0.13) 0.009

AS, ankylosing spondylitis; mSASSS, modified Stoke Ankylosing Spondylitis Spinal Score; BMD, bone mineral
density; AP, anteroposterior; Lat, lateral; 7BS, trabecular bone score

BMD and TBS values are expressed as mean (standard deviation)

lateral projections were predictors of spinal radiographic dam-
age in patients with AS.

A predictive model for spinal radiographic
progression

We made a best predictive model for spinal radiographic pro-
gression using variables of baseline mSASSS, baseline CRP,
and low lateral BMD of L2 vertebrae (Fig. 2). Area under
ROC curve was 0.826 (95% CI 0.698-0.954) from the model
of baseline mSASSS, baseline CRP, and low lateral BMD of
L2 vertebrae. The sensitivity and specificity of the model were
76.5% and 85.3%, respectively.
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Fig. 1 The number of syndesmophytes and difference between
anteroposterior and lateral lumbar spine bone mineral density. Data are
expressed as mean and standard deviation

Discussion

This study showed that in patients with AS, there was a dis-
crepancy between the BMD of lumbar spine AP projections
and lateral projections. This difference might be due to the
severity of spinal damage (syndesmophyte formation). Low
vertebral bone mass as assessed by lateral BMD or TBS was
independently associated with mSASSS. We also demonstrat-
ed that vertebral BMD, as assessed by lateral projection, might
predict spinal radiographic damage in patients with AS after
2 years based on longitudinal mSASSS measurements. Other
predictors of spinal radiographic damage were increased base-
line mSASSS and increased levels of inflammatory markers at
baseline.

Patients with AS had poor bone microarchitecture as well
as low bone mass in our study. Bone loss was prominent in
patients with advanced AS. These patients had lower TBS
values than healthy individuals of a similar age and sex based
on values reported in a previous study in Korea (mean TBS in
the healthy population was 1.43) [32]. Femoral neck and total
hip BMD values of patients with advanced AS were also
lower than those of healthy individuals (mean BMD values
of the femoral neck and total hip in the healthy population
were 0.98 g/cm? and 1.03 g/cm?, respectively) [32].
Prevalence of low BMD was 44.4% (prevalence of osteopenia
or Z score <— 1 to >—2 was 25.9% and prevalence of osteo-
porosis or Z score <—2 was 18.5%) in our study. The preva-
lence of low BMD from AS patients was comparable with
other reports from different cohorts or countries, although var-
iations existed according to the definitions of low BMD [3, 4,
18, 33].

Assessing lumbar spine BMD using lateral projections and
measuring TBS has several advantages compared with other
methods such as volumetric BMD measured by QCT or DXA.
QCT results in exposure of patients to higher levels of
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Table 4 Predictors of spinal
radiographic progression in
patients with ankylosing

spondylitis using linear regression
analysis (dependent variable was
mSASSS change over 2 years)

Univariable Multivariable-ESR Multivariable-CRP
beta p value beta p value beta p value

Age 0.199 0.162

Male sex 0.154 0.282

BMI 0.104 0.467

Disease duration 0.107 0.457

HLA-B27-positive —0.045 0.758

Log ESR 0.319 0.023 0.293 0.031

Log CRP 0.291 0.038 0.309 0.022

Patients on NSAIDs 0.233 0.100

Patients on TNF-« inhibitors 0.045 0.752

Log baseline mSASSS 0.298 0.034 0.270 0.046

Presence of syndesmophytes 0.214 0.131

AP L1-4 BMD -0.162 0.256

Lateral L2 BMD -0.292 0.038 - 0.310 0.022

Lateral L3 BMD -0.130 0.362

Lateral L2-3 BMD —0.144 0.312

TBS -0.289 0.039

BMI, body mass index; HLA, human leukocyte antigen; ESR, erythrocyte sedimentation rate; CRP, C-reactive
protein; NSAID, non-steroidal anti-inflammatory drug; TNF, tumor necrosis factor; mSASSS, modified Stoke
Ankylosing Spondylitis Spinal Score; BMD, bone mineral density; TBS, trabecular bone score

Variables with a p value < 0.2 in univariable analyses were included in the multivariable linear regression analysis

using a backward elimination method

radiation than DXA, and volumetric BMD estimated by DXA
is not widely available. BMD of the lateral lumbar spine and
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Fig.2 Receiver operating characteristic curve of the predictive model for
spinal radiographic progression (selected model = baseline mSASSS +
baseline CRP + low baseline BMD of lateral lumbar spine L2). mSASSS,
modified Stoke Ankylosing Spondylitis Spinal Score; CRP, C-reactive
protein; BMD, bone mineral density
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TBS can be obtained easily, and measurements are patient-
friendly. BMD of the lateral lumbar spine can be measured
readily using DXA. TBS of the lumbar spine is easily extract-
ed from DXA images without the need for additional exami-
nations. Thus, BMD of the lateral lumbar spine and TBS can
be longitudinally followed-up to detect changes in bone min-
eral status.

Bone mineral status as assessed by vertebral BMD and
TBS was significantly associated with spinal radiographic
damage in patients with AS in the present study, suggest-
ing that decreased bone mass may reflect the progression
of spinal involvement in AS. Bone loss is one of the
clinical phenomena that characterize the process of AS,
although the causes of bone loss are not clear. There is
some evidence that inflammation plays a role in bone loss
of AS patients. Patients with persistent inflammation dur-
ing follow-up were more likely to have decreased BMD,
and patients who used TNF-« inhibitors had increased
BMD [3, 18, 21]. Under inflammatory conditions, osteo-
clasts are activated (through induction of receptor activa-
tor of nuclear factor kappa B ligand) and osteoblasts are
inhibited, leading to osteoporosis [34]. Likewise, studies
have shown that bone turnover is higher in AS patients
with bone loss than those without [33, 35]. New bone
formation in AS is a site-specific process that is known
to develop from vertebral corner fatty lesions which are
associated with resolution of inflammation [36, 37].
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Several studies have examined the factors associated with
spinal radiographic progression, and increased levels of
inflammatory markers are predictors, consistent with our
findings [23, 38]. Although the mechanisms of bone loss
and new spinal bone formation are not the same, they are
linked and both are affected by inflammatory processes.

We found that low vertebral BMD is a predictor of
spinal radiographic progression in patients with AS. This
result was also recently confirmed by another cohort
study of patients with axial spondyloarthritis that low
BMD was an independent predictor of new
syndesmophyte formation [39]. Both studies had demon-
strated that spinal damage and low BMD at baseline were
associated with spinal radiographic progression. The dif-
ference is that our cohort population was at more ad-
vanced stage than aforementioned study [39]. We enrolled
patients with AS, not axial spondyloarthritis. Patients who
had syndesmophytes at baseline were more common in
our cohort (55.6%) than those in axial spondyloarthritis
cohort (29%). The results of the present study indicate
that BMD of vertebral lateral projections may be useful
to evaluate osteoporosis and predict radiographic progres-
sion in patients with AS (who had more advanced spinal
involvement). Additionally, we also demonstrated a pre-
dictive model consists of baseline mSASSS, baseline
CRP, and low BMD of lateral lumbar spine, which
showed good performance to predict spinal radiographic
progression in patients with AS.

Our study has limitations. First, it included a relatively
small number of participants from a single center. Further
studies of larger numbers of patients in a multi-center setting
are required to verify our findings. Second, lack of a control
group to evaluate the degree of BMD and TBS in AS patients;
however, BMD has T'score and Z score which enable to com-
pare the values with control population. Third, reproducible
positioning of the patients (in a decubitus position) for DXA
of lumbar spine lateral projections is difficult. Also, in lateral
scans, L2 vertebral body could overlay with ribs and L4 with
pelvic bone [40].

In conclusion, patients with AS showed decreased
BMD and TBS, particularly those with advanced AS.
Low vertebral bone mass was strongly associated with
spinal radiographic damage at baseline. Additionally,
low vertebral BMD may be a predictor of the 2-year pro-
gression of spinal damage in patients with AS. Lumbar
spine BMD measured at the lateral projections has advan-
tages compared with lumbar spine BMD measured using
AP projections in terms of assessing vertebral bone min-
eral status, and can also be used as a tool to predict the
progression of spinal radiographic damage.

Compliance with ethical standards Informed consent was
obtained from the study participants. This study was approved by the

ethics committee of Seoul St. Mary’s hospital, the Catholic University
of Korea (KC150ISI0012) and was performed in accordance with the
Declaration of Helsinki.

Disclosures None.
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