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Abstract

Background: Osteoporosis is a common complication of ankylosing spondylitis (AS) even in the early stages of
disease; however, previously published studies have demonstrated large discrepancies in the reported incidence of
osteoporosis, based on measurement of bone mineral density (BMD). The aim of the present study was to compare
bone quality using trabecular bone score (TBS) between AS patients and healthy controls and to evaluate factors
associated with TBS in patients with AS.

Results: Ankylosing spondylitis patients had significantly lower BMD and T score at the neck of femur and lower
total hip BMD than controls (BMD p = 0.010 and 0.032 respectively), (T score p = 0.006 and p = 0.025 respectively).
The mean TBS was significantly lower in AS patients than in controls (p < 0.001). Lumbar spine TBS was directly
correlated with BMI (p = 0.029) and BMD at the neck of femur (p = 0.016) and BMD of total hip (p = 0.007) while
inversely correlated with the Bath AS Metrology Index (BASMI) (p = 0.026), the modified Stoke AS Spinal Score
(mSASS) (p = 0.029), ESR (p = 0.031), and CRP (p = 0.033).

Conclusion: TBS evaluation detected lower bone quality in the lumbar spine in patients with AS when compared
with matched controls, while lumbar BMD failed to identify it. These findings encourage the use of TBS as a
beneficial tool to recognize the risk of axial osteoporosis as early as possible in AS patients. Also, we recommend its
use for regular follow up of drug treatment for those patients.

Keywords: Ankylosing spondylitis, Osteoporosis, Dual energy X-ray absorptiometry, Trabecular bone score

Background
Ankylosing spondylitis (AS) is a chronic immune-
mediated inflammatory disease primarily involving the
sacroiliac joints and the axial skeleton. Estimates indicate
that prevalence of AS is approximately 0.2–0.5% in gen-
eral population. Usually, AS is diagnosed in people
under the age of 40, and occurs more often in men than
women in a 2:1 ratio [1].

Ankylosing spondylitis is a remodeling arthritis char-
acterized by a very obvious paradox of bone formation
and loss taking place at sites in close proximity [2].
Osteoporosis is a coherent characteristic of inflamma-
tory diseases. It is a common complication of AS even in
the early stages of illness [3]. Yet, AS is also marked by
new growth of bone leading to the development of syn-
desmophytes and subsequent vertebral ankylosis [4]. Ac-
cordingly, previously published studies have displayed
significant differences in the recorded incidence of
osteoporosis, based on bone mineral density (BMD)
measurements in patients with AS ranging from 18.7 [5]
to 62% [6].
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Dual x-ray absorptiometry (DXA) has limited accuracy
for measuring of BMD in AS patients due to the unreli-
ability of spinal measurements, particularly in advanced
disease with syndesmophyte presence and hyperossifica-
tion [7]. DXA is also hard to be analyzed due to liga-
mentous calcifications overlying the vertebrae, and
sclerosis affecting the vertebral endplates, both leading
to erroneously increased readings for spinal BMD [8, 9].
A further restriction of BMD based on DXA being a
bidimensional analysis that is not capable of differentiat-
ing between the trabecular and cortical bone compart-
ments, whereas inflammatory diseases ordinarily cause
entirely diverse levels of degradation in both compart-
ments [10, 11].
Measurement of trabecular bone score (TBS) is an in-

novative measure to assess bone microarchitecture. It is
a textural index, which estimates the variance in the
grey-level pixel in DXA illustration of the lumbar spine,
that way, provides a circuitous index of trabecular bone
microarchitecture [12]. Previous studies showed that
spinal osteophytes do not affect the TBS, despite that
presence of osteophytes results in overrating of BMD in
patients with lumbar spondylosis [13, 14]. This observa-
tion proposes that TBS can evaluate the bone micro-
architecture in patients with AS inspite the presence of
syndesmophytes.
To our knowledge, scanty studies had evaluated the

utility of TBS in diagnosis of osteoporosis in patients
with AS in comparison to matched controls. The object-
ive of this study was therefore to compare the quality of
bone between AS patients and healthy controls using
TBS and to assess TBS-related factors in AS patients.

Methods
Patients and controls
In this study, a total of 40 consecutive male AS patients
were invited to take part. Patients were recruited from
the Rheumatology and Rehabilitation outpatient clinic,
between January 2019 and January 2020. Ankylosing
spondylitis was diagnosed according to The Assessment
of SpondyloArthritis international Society (ASAS) cri-
teria for axial spondyloarthritis (axSpA) [15]. During the
same period, 40 age-matched healthy males were invited
to participate in the study as a control group.
Patients or controls with thyroid or parathyroid dis-

eases, renal or liver disease were excluded from the
study. Those taking any drug that may possibly interpose
with bone metabolism including bisphosphonates, teri-
paratide, anticonvulsants, anticoagulants, calcium, and
corticosteroids also were excluded. None of the partici-
pants was using vitamin D supplements.
Prior to enrollment and data collection, the study’s

aim and procedures were explained to all participants
who provided informed written consent. The research

was approved by the Institutional Review Board (IRB)
(R/20.05.839).

Personal and clinical data
Personal data including age, current smoking status, al-
cohol intake, and history of previous or current medica-
tions used were obtained from all participants through
history taking and checking of patients’ medical records.
Duration of symptoms was also recorded for the pa-
tients. The medications used to treat AS have been col-
lected from medical records, including intake of
nonsteroidal anti-inflammatory drugs (NSAIDs), disease-
modifying anti-rheumatic drugs (DMARDs), and bio-
logical therapy. Body mass index (BMI) was calculated
for all participants.

Ankylosing spondylitis-specific indices
The activity of AS disease was evaluated using the AS
disease activity score (ASDAS) [16] and Bath AS Disease
Activity Index (BASDAI) [17]. In the ASDAS score, back
pain, patient global assessment, duration of morning
stiffness, and peripheral pain/swelling were all assessed
on a numerical rating scale (from 0 to 10). The 3 cut-
offs selected to separate the activity states were < 1.3

Table 1 Clinical features, current medication, composite indices,
and laboratory findings of the AS patients

Range Mean ± SD

Disease duration (years) 4–29 17.1 ± 7.2

Peripheral involvement N (%) 15 (37.5%)

Current medications

NSAIDs N (%) 31 (77.5%)

Methotrexate N (%) 4 (10.0%)

Sulfasalazine N (%) 28 (70.0%)

TNF inhibitor N (%) 23 (57.5%)

Composite indices

ASDAS-CRP 1.20–4.60 2.90 ± 1.2

ASDAS-ESR 1.10–4.02 2.63 ± 0.92

BASDAI 1.70–5.70 3.89 ± 1.14

BASFI 1.30–5.90 3.83 ± 1.37

BASMI 1.60–5.90 3.74 ± 1.41

ASQol 3–15 9.00 ± 4.08

mSASSS 2–27 14.90 ± 6.92

Laboratory findings

ESR (mm) 15–53 30.9 ± 11.0

CRP (mg/dl) 3.7–27.2 14.1 ± 6.9

NSAIDs non-steroidal anti-inflammatory drugs, TNF tumor necrosis factor, ASDA
S-CRP Ankylosing Spondylitis Disease Activity Score- C-reactive protein, ASDAS-
ESR Ankylosing Spondylitis Disease Activity Score-erythrocyte sedimentation
rate, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI Bath
Ankylosing Spondylitis Function Index, BASMI Bath Ankylosing Spondylitis
Metrology Index, ASQoL Ankylosing Spondylitis Quality of Life, mSASS modified
Stoke Ankylosing Spondylitis Spinal Score
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between “inactive disease” and “moderate disease activ-
ity,” < 2.1 between “moderate disease activity” and “high
disease activity,” and > 3.5 between “high disease activ-
ity” and “very high disease activity.” The BASDAI con-
sists of a 1 through 10 scale (one being no problem and
10 being the worst problem) which is used to answer 6
questions pertaining to the 5 major symptoms of AS: fa-
tigue, spinal pain, joint pain/swelling, areas of localized
tenderness (enthesitis), morning stiffness duration, and
morning stiffness severity. The mean of the two scores
relating to morning stiffness was taken. The resulting 0
to 50 score was divided by 5 to give a final 0–10 BAS-
DAI score. Scores of 4 or greater suggest suboptimal
control of disease.
Bath AS Metrology Index (BASMI) was used to meas-

ure the spinal mobility [18]. Five simple clinical mea-
surements were included in the index: tragus to wall
distance, lumbar side flexion, modified Schober’s, cer-
vical rotation, and intermalleolar distance. For cervical
rotation, lumbar side flexion and tragus to wall, a mean
of the left and right measurements were taken. The
higher the BASMI score, the more severe the patient’s
limitation of movement due to their AS.
Functional status of patients was evaluated using the

Bath AS Functional Index (BASFI), which is a set of 10
questions. The scores of all questions were added and
divided by 10. The higher the BASFI score, the more se-
vere the patient’s limitation of function due to their AS
[19].
The quality of life of patients was assessed using AS

Quality of Life questionnaire (ASQoL). It consists of 18
items requesting a “yes” or “no” response to questions
related to the impact of the disease (including pain) on
sleep, mood, motivation, ability to cope, activities of
daily living, independence, relationships, and social life.
A score of one was given to a response of “yes” on each
item, and all item scores were summed to a total score

with a range of 0 to 18. Higher scores indicate worse
health related quality of life [20].

Laboratory investigations
The serum levels of C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) were estimated as
indicators of inflammation in all patients on the same
data collection day.

Radiological assessments
The structural damage in the cervical and lumbar spine
was scored by the modified Stoke AS Spinal Score
(mSASSS) resulting in a final summation score ranging
from null to 72 [21].

DEXA scan
DXA was used to measure BMD and T score (Lunar
Prodigy densitometer, GE Healthcare, Madison, WI,
USA). Skillful operators took all measurements using the
same machine and standardized participant positioning
strategies. BMD and T score were calculated in the lum-
bar spine (L1–L4), the left hip (femoral neck and total
proximal femur), and distal radius.

Analyzing lumbar spine TBS
TBS was analyzed using DXA images precisely taken for
the same part examined for lumbar BMD measurements
(L1–L4). Using TBS iNight software version 2.1 (Med-I
maps, Merignac, France), lumbar spine DXA images
were reanalyzed. Patients were divided into 3 TBS
groups according to guidelines for fracture risk [22]: any
TBS > 1.31 was deemed as normal; TBS values between
1.23 and 1.31 were consistent as partially degraded
structure; and any TBS < 1.23 was considered as de-
graded structure.

Statistical analysis
All statistical analyses were performed using SPSS for
windows version 20.0 (SPSS, Chicago, IL). All continu-
ous data were normally distributed and were expressed
in mean ± standard deviation (SD). Categorical data was
expressed in terms of number and percentage. The com-
parisons were made using independent sample Student’s
t test for variables with continuous data. The chi-square
test was used to compare variables with categorical re-
sults. The correlation coefficient test used to evaluate
the correlations between continuous variables. Statistical
significance was established at p ≤ 0.05.

Results
The study included 40 AS male patients with an average
age of 44.7 ± 12.2 years (ranging from 22 to 64 years)
and 40 healthy males served as a control group with an
average age of 45.6 ± 12.0 years (ranging from 24 to 64

Table 2 Comparison of DXA findings between AS patients and
controls

AS patients group Controls group p

BMD (g/cm2)

Lumbar spine 0.997 ± 0.087 1.017 ± 0.104 0.338

Neck of femur 0.867 ± 0.184 0.962 ± 0.135 0.010

Total hip 0.898 ± 0.099 0.943 ± 0.084 0.032

Distal radius 0.822 ± 0.229 0.860 ± 0.254 0.486

T score

Lumbar spine − 2.31 ± 0.68 − 2.41 ± 0.75 0.535

Neck of femur − 2.58 ± 0.54 − 2.21 ± 0.62 0.006

Total hip − 2.57 ± 0.52 − 2.58 ± 0.62 0.025

Distal radius − 2.44 ± 0.44 − 2.34 ± 0.50 0.362

AS ankylosing spondylitis, BMD bone mineral density, DXA Dual
X-ray absorptiometry
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years). The AS patients and the controls had an average
BMI of 26.7 ± 4.2 kg/m2 (ranging from 20.6 to 33.7 kg/
m2) and 25.6 ± 3.9 kg/m2 (ranging from 20.0 to 32.8 kg/
m2) respectively. Nine (22.5%) AS patients and 13
(32.5%) controls were current smokers. All patients with
AS had axial affection, while only 15 patients (37.5%)
had peripheral involvement. There was no significant
difference in age, BMI, and current smoking status be-
tween the AS patients and controls.
The clinical findings, current medication intake, the

composite indices (for measurement of disease activity,
spinal mobility, functional index, quality of life and
radiological structural damage) as well as the laboratory
results of the AS patients are demonstrated in Table 1.
DXA examination revealed that the BMD and T scores

at lumbar spine and distal radius did not vary signifi-
cantly between AS patients and controls. On the other
hand, AS patients had significantly lower BMD at the
neck of femur and lower total hip BMD than controls (p
= 0.010 and 0.032), respectively. In addition, AS patients
had also significantly lower T score of neck of femur
and total hip T scores compared to controls (p = 0.006
and p = 0.025 respectively) (Table 2).
The mean TBS in patients with AS was significantly

lower than in controls (1.22 ± 0.12 vs. 1.35 ± 0.19 re-
spectively: 95% CI, − 0.201; − 0.059, p < 0.001) (Table 3).
The rate of presence of degraded bone microarchitecture
in all participants in the current study was determined
according to the TBS measurements. In the AS group,
12.5% of patients had a normal TBS value, 40.0% had
partially degraded bone microarchitecture, while 47.5%
had degraded bone microarchitecture. In the control
group, 45.0% subjects had normal TBS value, 30.0% had
partially degraded bone microarchitecture, while only
25.0% of controls had degraded bone microarchitecture.
All the differences between AS and control groups were
significant (p = 0.005) (Table 3).
Figure 1 shows a single patient record of DEXA scan

that shows the decreased BMD at hip with normal axial
bone mass and the same patient’s TBS denoting de-
graded bone microarchitecture.
Lumbar spine TBS was directly correlated with BMI (p

= 0.029) and BMD at the femur neck (p = 0.016) and
total hip BMD (p = 0.007), while correlated inversely

with the BASMI (p = 0.026), mSASS (p = 0.029), ESR (p
= 0.031), and CRP (p = 0.033) (Table 4). On the other
hand, lumbar spine TBS in AS patients did not show sig-
nificant association with smoking, peripheral joint in-
volvement nor current medication intake (Table 5).

Discussion
The major findings of the current study were (a) anky-
losing spondylitis patients had significantly lower TBS
than controls meanwhile lumbar spine BMD did not
show significant difference between AS patients and
controls; (b) ankylosing spondylitis patients’ TBS were
directly correlated with BMI and BMD of the femur
neck and total hip, while inversely correlated with the
BASMI, mSASS, ESR, and CRP.
DXA technique represents the gold standard for evalu-

ating BMD that is currently considered the best pre-
dictor of osteoporotic fractures; however, DXA is
constrained by the bidimensional nature of the radio-
graphic projection [23]. In diseases like AS and osteo-
arthritis, formation of syndesmophytes or osteophytes in
the lumbar spine, or sclerosis of the vertebral endplates,
leads to inadequate DXA results. In such conditions,
DXA commonly overestimate BMD values, resulting in
overlooked inflammation-related bone loss [1, 24].
In agreement with our results, average lumbar spine

and distal radius BMD have been reported to be com-
parable in AS patients and in controls; meanwhile, the
average neck of femur and total hip BMD were signifi-
cantly lower in AS patients compared to controls [11,
25]. That is why we targeted the axial skeleton to meas-
ure the TBS of the lumbar spine rather than the femoral
neck since the major pathology of syndysmophytes and
calcifications occurs axially which gave a false increase
in BMD at the lumbar spine and obscured the lumbar
osteoporosis.
In addition, Caparbo et al. found that TBS was signifi-

cantly lower in AS patients than healthy controls. The
same study also found that 41% of AS patients had TBS
below the normal cut-off point (i.e., below 1.31) in com-
parison to just 7.7% of healthy controls. Furthermore,
21.9% of AS patients reported TBS with degraded bone
structure compared to none of the controls [25]. In an-
other study, Kang et al. found no difference between

Table 3 Comparison of TBS between AS patients and controls

AS patients group Controls group p

TBS lumbar spine 1.22 ± 0.12 1.35 ± 0.19 < 0.001

TBS status N (%)

Normal bone architecture 5 (12.5%) 18 (45.0%)

Partially degraded bone architecture 16 (40.0%) 12 (30.0%)

Degraded bone architecture 19 (47.5%) 10 (25.0%) 0.005

AS ankylosing spondylitis, TBS trabecular bone score
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Fig. 1 A single patient record of DEXA scan. a The decreased BMD at hip. b Normal axial bone mass. c TBS of the same patient denoting
degraded bone microarchitecture
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BMD in the lumbar spine of patients with axSpA and
that of matched controls inspite of the presence of dif-
ferences in bone microarchitecture evaluated through
TBS [26].
Paolino et al. also assessed bone micro-architectural

status of the lumbar spine in patients with AS. Their re-
sults showed that AS patients had increased BMD and
decreased TBS measures. The study concluded that the
TBS can provide skeletal microarchitecture degradation
that is not captured from BMD measurement [27].
These findings indicate that lumbar TBS spotted bone

degradation in the lumbar spine of AS patients more
precisely than lumbar BMD, denoting that the TBS is a
more valuable tool to evaluate vertebral bone deterior-
ation in AS patients. Apparently, the presence of syndes-
mophytes in the lumbar spine do not affect the TBS
results and warrants more accurate analysis of vertebral
trabecular bone [24]. The significantly lower TBS in the
AS patients in comparison to healthy controls reveals
the decreased strength of bone associated with a motley
and more porous trabecular bone [22].
Inflammation seems to have diverse impacts on tra-

becular and cortical bone compartments. The inflamma-
tory process which is the hallmark of AS mostly affects
the trabecular bone [10, 28]. In support to this finding,

the high-resolution peripheral quantitative computed
tomography revealed a lower lumbar TBS in AS patients
in comparison to the controls [10, 25].
The results of the current study revealed that in pa-

tients with AS, TBS of the lumbar spine was directly
correlated with BMI and BMD at the neck of femur and
total hip while correlated inversely with the BASMI,
mSASS, ESR, and CRP. In the Caparbo et al. study, AS
patients with normal TBS were significantly younger in
age, had significantly lower BMI, and higher BASMI
than those with low TBS [25]. Technical issue can ex-
plain the inverse relationship between the TBS and BMI
in the Caparbo et al. study, because TBS is negatively
correlated with soft tissue thickness as it brings noise to
the image [29].
Kang et al. compared TBS and BMD between patients

with axSpA and controls and found that patients with
axSpA appeared to have low bone quality in the lumbar
spine in comparison with matched controls when
assessed by TBS. In patients with axSpA, however not in
controls, ESR or CRP, markers of systemic inflammation,
had inverse correlation with TBS. Furthermore, these
markers and radiographic spinal progression scores were
autonomously related to decreased TBS [26]. Such re-
sults are consistent with the findings of the present
study. In patients with axSpA, the inverse correlation

Table 4 Correlation of TBS with age, BMI, clinical features,
composite indices, and laboratory findings of ankylosing
spondylitis patients

r p

Age 0.276 0.084

BMI 0.346 0.029*

Duration of disease 0.285 0.075

ASDAS-CRP − 0.215 0.183

ASDAS-SER − 0.184 0.255

BASDAI − 0.166 0.305

BASFI − 0.222 0.169

BASMI − 0.352 0.026*

ASQoL − 0.122 0.454

mSASS − 0.345 0.029*

ESR − 0.342 0.031*

CRP − 0.338 0.033*

BMD at lumbar spine 0.242 0.132

BMD at femoral neck 0.378 0.016*

BMD at total hip 0.423 0.007*

BMD at wrist 0.285 0.074

ASDAS Ankylosing Spondylitis Disease Activity Score, ASQoL Ankylosing
Spondylitis Quality of Life, BASDAI Bath Ankylosing Spondylitis Disease Activity
Index, BASFI Bath Ankylosing Spondylitis Function Index, BASMI Bath
Ankylosing Spondylitis Metrology Index, BMD bone mineral density, BMI body
mass index, CRP C-reactive protein, ESR erythrocyte sedimentation rate, mSASS
modified Stoke Ankylosing Spondylitis Spinal Score, TBS trabecular bone score,
TNF tumor necrosis factor

Table 5 Comparison of the TBS in patients with and without
smoking, peripheral joint involvement and drug intake in AS
patients

TBS (mean ± SD) p

Smoking

Yes 1.25 ± 0.12 0.362

No 1.21 ± 0.11

Peripheral joint involvement

Yes 1.24 ± 0.12 0.412

No 1.21 ± 0.11

Medication intake

• NSAIDs

Yes 1.22 ± 0.12 0.608

No 1.20 ± 0.10

• Methotrexate

Yes 1.27 ± 0.03 0.348

No 1.21 ± 0.12

• Sulfasalazine

Yes 1.23 ± 0.11 0.631

No 1.21 ± 0.13

• TNF inhibitor

Yes 1.22 ± 0.13 0.774

No 1.21 ± 0.09

NSAIDs non-steroidal anti-inflammatory drugs, TNF tumor necrosis factor
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found between TBS and inflammatory markers proposes
that TBS mirrors inflammation-related changes occur-
ring in the trabecular bone of the lumbar spine. For this
reason, TBS is better to evaluate bone quality in the
spine, as it seems to be a superior indicator of the risk of
osteoporosis and vertebral fracture in these patients.
Assumed from our findings, more emphasis could be

placed on the importance of TBS in the assessment of
bone quality, in particular in AS patients with normal or
increased BMD. Another preference of the lumbar spine
TBS is that it can be evaluated on a regular basis by the
same scan obtained for measuring BMD of the lumbar
spine, and thus can easily be involved into regular clin-
ical practice.

Conclusion
TBS evaluation detected lower bone quality in the lum-
bar spine in patients with AS when compared with
matched controls, while lumbar BMD failed to identify
it. These findings encourage the use of TBS as a benefi-
cial tool to recognize the risk of axial osteoporosis as
early as possible in AS patients. Also, we recommend its
use for regular follow-up of drug treatment for those
patients.
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