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Summary

Ankylosing spondylarthritis (AS) is associated falsely increased
lumbar spine bone mineral density (BMD). New tool for
discrimination of subjects at fracture risk is needed. Vertebral
fracture (VF) prediction of routine methods for osteoporosis
assessment, BMD and trabecular bone score (TBS), in patients
with AS. Cross-sectional study of all AS patients regularly
followed at the rheumatology outpatient clinics of two centers. All
subjects undergone BMD measurement at lumbar spine (LS),
total hip (TH) and femoral neck (FN) using Hologic® Horizon
device. TBS at L1-4 in all subjects by TBS InSight® software
fracture assessment (VFA) was
performed using the lateral spine imaging IVA™ and graded
using Genant semi-quantitative approach. 119 AS subjects
(90 males/29 females), mean age 47.6 years were included in
the study. In 20 patients 34 VFs were detected, from whom
7 patients had multiple fractures. Subjects with VF were older
and had lower FN BMD, TBS in comparison to non-VF subjects.
No differences in LS BMD, FN BMD or BASDAI between groups
were observed. Among patients with VF only 3 had T-score less
than -2.5 but 7 has TBS less than 1.23 which means highly
degraded microarchitecture. AS patients with VF have lower TBS
and FN BMD in comparison to non-VF subjects. In addition, TBS
was able to detect 20 % more VFs than BMD. Therefore, TBS
seems promising in VF discrimination among patients with AS.

were assessed. Vertebral
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Introduction

Bone mineral density (BMD)

postmenopausal and senile osteoporosis is associated

in primary

with  fracture risk. Nevertheless, in secondary
osteoporosis, including inflammatory rheumatic diseases,
BMD is not sufficient as the discriminant tool for
fragility fractures. Thus, other factors and bone measures
has to be considered. Ankylosing spondylitis (AS) is
a chronic inflammatory rheumatic disease of the axial
skeleton. Typical radiological features are sacroilitis and
bridging syndesmophytes of the spine. Pathologic new
bone formation in the cortical bone of the vertebrae and
impairment and loss of trabecular bone mass of the
vertebral body leading to osteoporosis and prevalent 2- to
8-fold higher vertebral fractures (VF) risk in comparison
to healthy subjects (Cooper et al. 1994, Vosse et al. 2009,
Muiioz-Ortego et al. 2014). Prevalence of radiographic
vertebral fractures is ranging from 10% to 43 %
(Donnelly et al. 1994, Mitra et al. 2000, Lange et al.
2005, Jun et al. 2006, Vosse et al. 2006, Ghozlani et al.
2009, Arends et al. 2011, MONTALA et al. 2011,
Klingberg et al. 2012, Kang et al. 2014, Ulu et al. 2014,
Kilic and Ozgocmen 2015). Due to relatively young and
predominantly male population of patients frequently
suffering from AS neither the patient nor the physician is
of this
difficulties in the fracture risk assessment such as falsely

aware increased risk. Moreover, several
increased lumbar spine BMD caused by ligamentous
ossification or alterations of bone quality due to chronic
inflammation may contribute to delay in prevention or

treatment of this serious condition. Thus appropriate bone
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measure, reflecting bone strength, microstructure and
presence of ossifications, to predict future fracture and to
initiate treatment in routine practice is needed.

HR-pQCT and Micro CT are helpful in
assessment of bone microstructure but due to their
availability and cost, these methods are at this time not
used in routine clinical practice. On the other side, lumbar
spine trabecular bone score (TBS) is easy to obtain from
existing DXA scans of lumbar spine and therefore
suitable for use in routine manner. TBS represents a bone
texture parameter, reflecting degradation of trabecular
bone. It could bring additional information about the risk
of fragility fractures in conditions where BMD is less
effective, e.g. secondary osteoporosis. This, particularly
was observed in diabetes mellitus (Leslie et al. 2013,
Jackuliak 2014), arthritis
(Killinger et al. 2019), endogenous hyperthyroidism
2018),
acromegaly (Kuzma ef al 2019) or glucocorticoid-

and Payer rheumatoid

in pre-menopausal women (Kuzma et al.
induced osteoporosis (Leib and Winzenrieth 2016).

This cross-sectional study is aimed to compare
routine methods for osteoporosis assessment, BMD and
TBS, in patients with AS with regards to occurrence of
VFs.

Patients and methods

This cross-sectional study two rheumatology
centers (Bratislava, KosSice) study of AS patients was
conducted from January 2018 to January 2019. The study
protocol was reviewed and approved by Comenius
University Faculty of Medicine research boards. The
regional medical ethics committee approved the study.
All patients regularly followed at the rheumatology
outpatient clinics who met inclusion criteria were
included in the study; signed informed consent was
obtained prior to the conduct of any study procedure.

Inclusion criteria
Study group consisted from AS patients
regardless age, gender, disease duration, activity who

came for follow-up visit during study inclusion period.

Exclusion criteria

Subjects with corticosteroid or osteoporosis
treatment, except calcium and vitamin D supple-
mentation, were not included in the study.

In total, one hundred nineteen patients, 90 of

whom were males and 29 females (11 postmenopausal)

with mean age 47.6 years with AS, were included in the
study. Fifty-two patients were on biologics (TNF alfa
ihibitors - adalimumab, etanercept, golimumab).

Methods

Basic anthropmetric characteristics, such as age,
height, weight and body mass index (BMI) were assessed
in all subjects. The mean diseases duration was 18 years
and mean BASDAI (Bath Ankylosing Spondylitis
Disease Activity Index) index was 3.7. BASDAI consists
of a 0-10 scale measuring discomfort, pain, and fatigue
(0 being no problem and 10 being the worst problem) in
response to six questions asked of the patient pertaining
to the five major symptoms of AS (Garrett ef al. 1994).

In all subjects a single measurement of BMD
was performed. BMD measurements at the L1-4 spine
(LS), femoral neck (FN) and total hip (TH) were
performed using DXA with a Hologic Horizon device
with APEX software version 13.3:7. For premenopausal
women and men under 50 years Z- score was used for
classification of osteoporosis. For everybody else T-score
was used. For definitive analysis of differences between
groups BMD in g/cm® was used. Quality control was
performed by daily calibration using the Hologic cross-
calibration phantom. The scans were acquired and
analysis was performed by the same one technologist at
each place. TBS was performed from lumbar spine DXA
scans using TBS iNsight® software (Medimaps SASU,
Pessac, France) version 3.0.2.0. Coefficient of variation
of the TBS was less than 1 %.
assessment (VFA) was performed using the lateral spine

Vertebral fracture

imaging IVA™ mode with a Hologic Horizon®
A densitometer (Hologic Inc., Marlborough, MA). IVA
has the same validity as X-ray but has greater potential
for daily clinical use due to its speed, small radiation and
option to perform all bone examinations on same
machine at one single place.

Two lateral scans were performed in the supine
position; one with single-energy and a second with dual-
energy to ensure the best possible image quality. Each
vertebra was assessed using the Genant semiquantitative
scoring method (Genant ef al. 1996), grading as normal
or mild, moderate, or severe fracture.

Laboratory assessment

Serum total procollagen type 1 N-terminal
propeptide (PINP) and C-terminal telopeptide (CTx)
levels were assessed by ECLIA using a Roche Elecsys
1010/2010. PINP values are expressed as pg/l with inter-
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assay precision between 2.3-3.7%. CTx values are
expressed as pg/ml with inter-assays precision of
1.6-4.7 %. Blood sampling was performed not later than
14 days after the inclusion in the study.

Statistical analysis

Statistical analysis was performed using the
statistics software Analyse-it (Leeds, United Kingdom)
v 5.40.2. Continuous data were expressed as the mean
+ standard deviation (SD). Before statistical analysis we
have performed screening for outliers defined as values
greater than +3 SDs or lower than -3SDS for each
variable, who were excluded from the study. The
Shapiro-Francia test was used to test the normality of the
of  studied
comparisons were performed using either a Student's

distributions parameter.  Inter-group
t-tests or Mann-Whitney tests, depending upon the
normality distribution of the studied parameter. For bone-
related measurements ANCOVA analysis was used to
performed Inter-group comparisons considering all other
significant discriminant parameters as covariate. For the

statistical significance a level p < 0.05 was used.

Results

Postmenopausal females has average T-score:

Table 1. Comparisons between study groups.

-0.7; -1.2 and -0.6 at LS, neck and TH, respectively.
Males over 50 years (N=34) had average T-score 0.17;
-1.08 and -0.56 at LS, neck and TH, respectively. Five
subjects had T-score less than -2.5. Premenopasual
females had average Z-score 0.4; -0.1 and -0.1 at at LS,
neck and TH, respectively. Males under 50 years had
Z-score -0.5; -0.52 and -0.15 at LS, neck and TH,
respectively. Six subjects had Z-score less than -2.0.
There were no significant differences in bone measures
among patients on biologics (N=52) in comparison to
patients without biologic treatment.

In the further analysis, males had greater weight,
height and TH BMD in comparison to females (Table 1).
All other differences were not statistically significant. In
20 (16.8 %) patients (18 males/2 females) totally 34 VFs
were detected. In 7 patients with VF (6 males/1 female),
multiple fractures were observed. Most frequent were
mild wedge-shaped or biconcave fractures (13 patients)
and moderate (grade II) wedge-shaped fractures
(7 patients). From VF subjects, 3; 1; 7; 13 subjects has
T-score <-2.5; Z-score <-2.0, TBS<1.23 and TBS <1.31,
respectively. Subjects with VF were older and had lower
age-adjusted FN BMD and TBS (Fig. 1) in comparison to
non-VF subjects (see also Table 1). No differences in
age-adjusted LS BMD, FN BMD or BASDAI were
observed.

Parameter (unit) Male (N=90) Female p value With VF Without VF p value
(N=29) (N=20) (N=92)

Age (vears) 47.6x£11.7 47.9+11.7 NS 54.8+11.4 46.3£11.3 0.003
Weight (kg) 87.5+13.64 74.54+17.5 <0.0001 89.4+13.4 83.5+15.9 NS
Height (cm) 176.4+7.4 163.4+6.2 <0.0001 175+8.7 172.6£9.2 NS
BMI (kg/m®) 28.1+4.1 27.9£6.6 NS 29.1+3.7 27.9+5 NS
LS BMD (g/cm’) 1.057+0.15 1.021+0.14 NS 1.053+0.17 1.043+0.15 NS
FN BMD (g/cmz) 0.747+0.15 0.755+0.12 NS 0.677+0.16 0.766+0.14 0.01
TH BMD (g/cm’) 0.983+0.13 0.906+0.11 0.005 0.933+0.13 0.971£0.13 NS
TBS 1.336+0.11 1.368+0.12 NS 1.247+0.10 1.359+0.11 <0.0001
BASDAI 3.814+2.2 3.8442.1 NS 3.442.12 3.8£2.2 NS
s-CTx (ng/l) 363.9+133 453.9£266 NS 297.5+114 408.4£163 0.03
s-PINP (ug/l) 47.9£18.1 45.3+17.4 NS 40.3£21.9 45.6+£18.8 NS
s-ALP (ukat/l) 1.194+0.3 1.17+£0.35 NS 1.14+0.3 1.2+0.3 NS
Smoking N (%) 10 (11.1) 6 (6.6) NS 4 (20) 12 (13.4) NS
Alcohol N (%) 5(5.5) 1(L.1) 0.001 0 6 (6.5) NS

Continuous data are expressed as variable + SD, results of between groups variables are age-adjusted.
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Fig. 1. Differences in bone measures; LS, TH, FN BMD and TBS among patients with VF in comparison to non-VF subjects.
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Discussion

VFs are an important and not rare complication
of longstanding AS however, usually most of them
remain unrecognized. There is still undergoing discussion
about the clinical significance of mild fractures, although
several studies have shown that the presence of mild
fractures is associated with an increased risk of
developing new vertebral fractures (Delmas et al. 2003,
Klingberg et al. 2013).

This study shows that AS patients with VF have
lower TBS and FN BMD in comparison to non-VF
subjects. Among patients with VF only 3 had T-score less
than -2.5 but 7 has TBS less than 1.23 which means
highly degraded microarchitecture. Taken altogether TBS
was able to detect 20 % more VFs.

Detection of patient suffering from AS, with
increased risk of fracture may have in routine practice
several limitations. Decreased bone mineral density is
although a common complication in AS patients but
of BMD due to

syndesmophytes may lead to false negative results.

overestimation presence  of
Especially in patient with long term duration of the
disease, the risk of the fracture may be increased and
masked by overall satisfactory BMD value due to
ligamentous ossifications. Insufficient reflection of the
impaired quality of trabecular bone due to chronic
inflammation may be another factor why measurement of
BMD cannot sufficiently predict fracture risk. Thus BMD
is wuseful tool in fracture risk prediction in
postmenopausal and senile osteoporosis, but in secondary
osteoporosis, such as glucocorticoid induced osteoporosis
(Leib and Winzenrieth 2016), diabetes mellitus (Leslie
et al. 2013, Jackuliak and Payer 2014) including AS
(Kang et al. 2018a), BMD is often not associated with
fracture risk.

In patients with advanced syndesmophytes in the
lumbar spine, region measurement of the hip or lateral
projection of spine may be used. Although spinal DXA
using a lateral view has the advantage of allowing
selection of atrabecular zone in the center of the
vertebral bodies, it has poor precision due to the difficulty
in positioning the patients (Vosse et al. 2006). Hip BMD
in this young male population falls despite possible small
decreases in BMD frequently in osteopenia and thus
cannot be used as treatment threshold in routine practice.
In this study, BMD at femoral neck in VF subjects were
significantly lower in comparison to non-VF subjects.
Nevertheless, only four patients were classified as

osteoporotic based on BMD criteria.

HR-pQCT is able to distinguish between cortical
and trabecular bone and thus in advanced AS, HR-pQCT
more frequently detects low spine BMD than DXA
(Devogelaer et al. 1992, Karberg et al. 2005). However,
due to high radiation dose, cost and limited access,
HR-pQCT can’t be performed routinely. According to
EULAR with
syndesmophytes at lumbar spine, diagnosis of
osteoporosis should be established by hip BMD,
supplemented by spine BMD in lateral projection or
possibly quantitative CT (QCT) of the spine (Mandl et al.
2015). Therefore, a simple non-invasive tool that is

recommendations, AS  patients

unaffected by spinal ossifications reflecting bone quality
is needed to assess bone changes and to predict fracture
risk in AS. This problem, at least partially could be
solved by TBS. TBS may be useful to identify future
fracture risk in patients with AS.

Our findings indicate that low TBS is able to
distinguish between VF and non-VF
TBS possibly reflects
microarchitecture resulting from inflammation caused by

subjects.
Accordingly, impaired bone
AS, as observed in previous study (Klingberg et al
2013). In addition, TBS excludes spine syndesmophytes
from the analysis and don't cause false negative results.
However, this study has several limitations such
as  cross-sectional design and inclusion  of
females. There was a numerical
BMD, but not TBS

postmenopausal and premenopausal females, however,

postmenopausal
difference in between
this was not statistically significant. This study has no
control group and that is another limitation of the study.
However, VF prevalence among normal population <60
years is reported less than 5 % (Cosman et al. 2017) and
thus we believe 17 % prevalence of VF in similar age
cohort with further comparison of subjects with and
without VF is interesting to report regardless control
group.

Possible limitation is absence of laboratory data
such is vitamin D levels possibly correlating with
occurrence of fractures. On the other side study strengths
include representative number of subjects and use of [IVA
for VF assessment, which is in comparison to other
similar studies (Kang et al. 2018a, Kang et al. 2018b,
Richards et al. 2020), more usable in daily clinical
routine due to its speed, small radiation and option to
perform all bone examinations at same on same machine
at one single place.

To conclude, assessment of fracture risk in
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secondary osteoporosis in routine practice, as mentioned
above, has several limitations. TBS measurement may be
useful simple non-invasive tool in many causes of
secondary osteoporosis. Our data support the use of TBS,
together with FN BMD to identify the AS patients at high
fracture risk. Measurement of TBS can contribute to early
detection of high-risk patient and subsequent prevention
of bone loss can lead to decreased fracture risk in this
relatively young and predominantly male population.
Given that, use of highly degraded TBS (<1.23) threshold
as defined by meta-analysis (McCloskey et al. 2016)

could lead to detection of patient with VF or who is
found to be at highest risk of future fracture and thus
prevented with treatment or at least closely monitored.
However, more studies with prospective design are
needed to prove this hypothesis.
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