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Backgrounds/Aims: This study was performed to reveal the usefulness of the 
trabecular bone score (TBS) in assessing bone strength in patients with ankylos-
ing spondylitis (AS) in comparison with dual-energy X-ray absorptiometry (DXA) 
methods.
Methods: A total of 215 AS patients (75.8% male) were enrolled from a single uni-
versity hospital in Korea. Demographic and clinical information were assessed. 
Patients completed X-rays of the cervical and lumbar spine (L-spine), and spinal 
ankyloses were quantified using the modified Stoke AS Spine Score (mSASSS). 
Hip, anteroposterior and lateral L-spine bone mineral density (BMD) and TBS 
were assessed by DXA methods. Clinical characteristics and bone strength mea-
surement results were compared between male and female AS patients. The 
accuracy of each bone strength evaluation method in predicting Fracture Risk 
Assessment Tool (FRAX) scores indicating moderate or higher fracture risk was 
compared by receiver operating characteristic curves in patients aged ≥ 40 years. 
Correlations between each bone strength measurement method and mSASSS 
were examined.
Results: Male patients showed higher mSASSS and less prevalent peripheral joint 
involvement compared to female patients (p < 0.05). TBS, hip BMD, and L-spine 
lateral BMD showed comparably high areas under the curve (AUCs) for predicting 
FRAX-major osteoporotic fractures (MOF) ≥ 10% (AUC ranged 0.72 to 0.76). TBS 
negatively correlated with mSASSS in both male and female patients (p < 0.01). 
Conclusions: TBS could predict the risk of MOF and is not influenced by spinal 
osteoproliferation in AS patients, even in those with advanced spinal changes. 
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INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflammatory 
disease of the axial skeleton. Cortical new bone forma-
tion leading to ankyloses of the spine and sacroiliac 
joints is a key characteristic of AS; however, AS is also 
associated with trabecular bone loss leading to osteopo-

rosis [1,2]. Those opposite pathologic bone remodeling 
processes are an apparent paradox of this disease and 
take place in close proximity within the spine [1]. In-
deed, patients with AS present with osteoporosis more 
frequently than the general population [2,3]. In addi-
tion, the characteristic osteoproliferation that increases 
the rigidity of the spine and bone loss in the vertebrae 
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contributes to increased vulnerability of the spine in pa-
tients with AS. Previous studies have demonstrated that 
patients with AS have an increased risk of vertebral frac-
ture (VF) that can be complicated by neurologic injuries 
[4,5]. Therefore, it is crucial to identify and selectively 
treat AS patients at risk for fractures. 

Bone strength is determined by bone geometry, cor-
tical thickness, porosity, trabecular bone morphology, 
and the intrinsic properties of bony tissue [6]. In clinical 
practice, bone strength is usually estimated indirectly 
from bone mineral density (BMD) determined using 
dual-energy X-ray absorptiometry (DXA) and the World 
Health Organization (WHO) definitions of osteopenia 
and osteoporosis [7]. Previous studies have found low 
BMD to be a good predictor of future fracture risk [8,9]. 
However, BMD corresponds to the ratio between the 
bone mineral content and the scanned bone area; it does 
not reflect bone architecture or quality. Moreover, it can 
be difficult to interpret lumbar spine BMD measured by 
DXA in the anteroposterior (AP) projection in advanced 
AS patients due to the presence of characteristic syndes-
mophytes [2,10-12]. Syndesmophytes develop in parallel 
to the progression of AS and thus mask the bone loss in 
AP spinal measurements of BMD [13]. Therefore, the Eu-
ropean League Against Rheumatism recommended that 
patients with axial spondyloarthropathy (axSpA) who 
present with syndesmophytes on conventional lumbar 
spine radiography be assessed for osteoporosis by a hip 
DXA scan, supplemented by spine DXA in the lateral 
projection or possibly quantitative computed tomogra-
phy (QCT) of the spine [14,15]. The trabecular bone score 
(TBS) is a recently developed tool for bone strength as-
sessment that represents the textural parameter of pixel 
gray-level variations in lumbar spine DXA images [16]. 
Previous studies have shown that TBS could predict 
fractures independently of BMD and has additive val-
ue for discriminating patients with VF risk when com-
bined with BMD [17-20]. In studies conducted in male 
AS patients [21] and patients with axSpA [11,12], TBS was 
not influenced by the characteristic syndesmophyte for-
mation on the spine, unlike AP spine DXA. However, 
the data regarding the use of TBS in patients with AS 
was limited to a single study [21]. 

We aimed to reveal the usefulness of TBS for assessing 
bone strength in patients with AS in comparison with 
DXA methods (AP and lateral spine DXA and hip DXA) 

in a single-center AS cohort.

METHODS

Study population
Patients with AS who visited a single university hospi-
tal for periodic examinations between October 2016 and 
May 2017 were prospectively recruited to this study. All 
enrolled patients were diagnosed according to the mod-
ified New York criteria [22]. Patients who could not tol-
erate the supine position for BMD and patients with a 
history of lumbar surgery or surgery in both hips were 
excluded. 

The study protocol was approved by the Institutional 
Review Board of Hanyang University Hospital, and in-
formed consent was received from all participants (IRB 
no. HYUH 2016-08-006).

Demographic and clinical characteristics
Each participant completed questionnaires via inter-
view regarding demographics, AS-related clinical infor-
mation, and history of fracture. The history of fracture 
denoted whether the individual patient had ever expe-
rienced vertebral or non-VFs. Human leukocyte anti-
gen (HLA) B27 positivity and medication history were 
checked by reviewing hospital medical records. 

Clinical and radiological parameters for the evalua-
tion of AS
Physical examinations for the Bath Ankylosing Spon-
dylitis Metrology Index (BASMI), which measures spi-
nal mobility in AS patients, were conducted by a single 
trained nurse [23]. Patients also completed question-
naires for the Bath Ankylosing Spondylitis Function-
al Index, a global visual analogue scale assessment 
(VAS-global), and the Bath Ankylosing Spondylitis Dis-
ease Activity Index (BASDAI) [24,25]. 

Lateral radiographs of the cervical and lumbar spine 
were acquired at the time of the BMD exam. Spinal 
changes related to AS were assessed according to the 
modified Stoke AS Spine Score (mSASSS) [26]. The 
mSASSS was assessed by a single expert radiologist at 
two different times for each patient, and the first mea-
surement was used for evaluation.
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Bone strength evaluation
BMD of the hip (femoral neck and total hip) and lumbar 
spine in the AP (vertebrae L1 to L4) and lateral (L2 to L3) 
projections was assessed by DXA (Discovery W, Hologic 
APEX software version 2.3.1, Hologic, Bedford, MA, USA) 
using a single device for the entire study. All BMD of the 
hip was estimated in the right hip. Patients were in the 
supine position for both the AP and lateral spine DXA 
scans to offer similar precision in both methods. Lum-
bar spine BMD was evaluated as the mean of the indi-
vidual measurements for L1 to L4 and L2 to L3 in the AP 
projection and as the mean of the measurements for L2 
and L3 in the lateral projection.

Lumbar spine AP DXA images were reanalyzed to 
calculate the TBS using TBS iNsight software version 
2.0.0.1 (Med-Imaps, Bordeaux, France). Lumbar spine 
TBS was evaluated as the mean of the individual mea-
surements for L1 to L4 and L2 to L3.

Fracture risk assessment in AS patients aged 40 
years or older
Fracture Risk Assessment Tool for the % 10-year proba-
bility of major osteoporotic fractures (FRAX-MOF) and 
hip fractures (FRAX-HF) were calculated by the FRAX 
tool (http://www.sheffield.ac.uk/FRAX) using known 
clinical risk factors. FRAX without BMD was used for 
the evaluation in this study to compare the usefulness 
of femur neck BMD with other bone strength measure-
ment methods [27]. The FRAX tool was applied only to 
patients aged 40 years or older. 

Statistical analysis
Data are expressed according to the properties of the 
variables. Demographic and clinical characteristics, 
BMD values, TBS, and the proportion of patients with 
abnormal bone strength were compared between male 
and female patients using Student’s t test, chi-square 
test, or Fisher’s exact test, as appropriate. Abnormal 
bone strength was defined as T-score < –1.0 in patients 
aged 50 years or older in accordance with WHO defi-
nitions for osteopenia and osteoporosis [7]. Low TBS 
was defined as TBS ≤ 1.31, following the results of recent 
studies [17,21]. 

Fracture risk was categorized by the FRAX 10-year risk 
of fractures in patients aged ≥ 40 years: (1) high frac-
ture risk with FRAX-MOF ≥ 20% or FRAX-HF ≥ 3%, 

and (2) moderate fracture risk with FRAX-MOF 10% to 
19% or FRAX-HF > 1% and < 3% [28]. The accuracy of 
BMD values and TBS in discriminating moderate or 
higher FRAX 10-year risk of fractures was assessed by 
determining the area under the receiver operating char-
acteristic (ROC) curves. The relationships among the 
various BMD measurement results, TBS, and mSASSS 
were evaluated using Pearson’s correlation coefficients. 
TBS and lumbar spine BMD measurement results were 
confined to mean values of the second and third lumbar 
spine measurements to evaluate those correlations. Sta-
tistical significance was defined as p < 0.05. All statistical 
analyses were performed using IBM SPSS Statistics ver-
sion 21.0 for Windows (IBM Corp., Armonk, NY, USA).

RESULTS

Among the 234 patients recruited for this study, 215 were 
included; eight patients did not complete the required 
physical exams, questionnaires, or BMD exam. One pa-
tient was eventually diagnosed with diffuse idiopathic 
skeletal hyperostosis rather than AS. Ten patients with 
a history of lumbar spine vertebroplasty or both hip re-
placement surgery were excluded from the study. 

Demographic and clinical characteristics
The demographic and clinical characteristics of patients 
with AS included in this study are shown in Table 1. The 
overall mean ± SD age of the patients was 49.9 ± 10.4 years, 
with a mean disease duration of 188.5 ± 212.7 months, and 
male patients were predominant (75.8%). There were no 
significant differences in age or disease duration be-
tween male and female patients. Male patients showed 
higher body mass index and more prevalent smoking 
history and HLA B27 positivity (p < 0.01). Compared with 
female patients, male patients showed higher mSASSS 
and BASMI, reflecting more advanced spinal structur-
al change (p < 0.01). In contrast, female patients showed 
more prevalent peripheral joint involvement and higher 
VAS-global and serum erythrocyte sedimentation rate 
levels. Overall, 25.6% of the study population had a his-
tory of fracture, and only nine patients (4.2%) had a his-
tory of VF. Non-VF sites included wrist (5.1% of the total 
population), ankle, finger, rib, tibia, pelvis, toe, shoulder, 
humerus, elbow, and knee (0.5%), in order of frequency. 
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There were no significant differences between male and 
female patients in the prevalence of vertebral or non-VFs 
or the use of each medication.

Comparison of bone strength measurement results 
between male and female AS patients
The results of each bone strength measurement and the 
proportions of patients with abnormal bone strength 
are compared in Table 2. Male patients showed higher 

bone strength regardless of the measurement method. 
However, the difference was not statistically significant 
for TBS. Lumbar spine BMD of L2 to L3 was higher in 
the AP scan than in the lateral DXA scan, probably be-
cause the two scan methods include different parts of 
vertebrae and related structures (1.04 ± 0.21 g/cm2 in AP 
scan vs. 0.62 ± 0.17 g/cm2 in lateral scan). In patients aged 
50 years or older, the proportion of female patients with 
abnormal bone strength was higher than in male pa-

Table 1. Demographic and clinical characteristics of patients with ankylosing spondylitis 

Characteristic Total AS patients (n = 215) Male (n = 163) Female (n = 52) p value

Age, yr 49.9 ± 10.4 49.6 ± 10.8 51.0 ± 9.2 0.34   

Disease duration, mon 188.5 ± 212.7 182.0 ± 193.3 208.9 ± 265.4 0.50

BMI, kg/m2 24.5 ± 3.5 25.0 ± 3.5 23.0 ± 3.0 < 0.01

Smoking, ever 142 (66) 138 (84.7) 4 (7.7) < 0.01

HLA B27 positivity (n = 184) 174 (94.6) 132 (97.8) (n = 135) 42 (85.7) (n = 49) < 0.01

History of fracture 55 (25.6) 43 (26.4) 12 (23.1) 0.64

Vertebral fracture 9 (4.2) 7 (4.3) 2 (3.8) 1.00

Non-vertebral fracture 47 (21.9) 37 (22.7) 10 (19.2) 0.60

Family history of AS 55 (25.6) 40 (24.5) 15 (28.8) 0.54

Peripheral joint involvement 34 (15.8) 21 (12.9) 13 (25.0) 0.04

VAS-global, 10-cm scale 4.1 ± 2.3 3.9 ± 2.2 4.8 ± 2.4 0.01

BASDI 3.4 ± 1.9 3.3 ± 1.9 3.8 ± 2.1 0.15

BASMI 2.9 ± 1.9 3.2 ± 1.8 1.9 ± 1.7 < 0.01

mSASSS 27.9 ± 22.7 32.5 ± 23.1 13.5 ± 13.7 < 0.01

ESR, mm/hr 19.9 ± 20.7 18.2 ± 20.9 25.3 ± 19.0 0.03

CRP, mg/dL 0.4 ± 1.0 0.4 ± 1.0 0.3 ± 0.8 0.27

C-telopeptide, μg/mL (n = 189) 0.3 ± 0.2 0.3 ± 0.1 (n = 145) 0.3 ± 0.2 (n = 44) 0.24

Osteocalcin, ng/mL (n = 203) 18.6 ± 6.5 18.1 ± 5.4 (n = 153) 20.1 ± 8.9 (n = 50) 0.14

History of medication use

NSAIDs 187 (87.0) 142 (87.1) 45 (86.5) 0.91

DMARDs 41 (19.1) 28 (17.2) 13 (25.0) 0.21

Methotrexate 18 (8.4) 12 (7.4) 6 (11.5) 0.39

Sulfasalazine 31 (14.4) 20 (12.3) 11 (21.2) 0.11

Glucocorticoidsa 80 (37.2) 65 (39.9) 15 (28.8) 0.15

Biologics 124 (57.7) 98 (60.1) 26 (50.0) 0.20

Anti-osteoporotic agents 9 (4.2) 5 (3.1) 4 (7.7) 0.23

Values are presented as mean ± SD or number (%). 
AS, ankylosing spondylitis; BMI, body mass index; HLA, human leukocyte antigen; VAS, visual analogue scale; BASDAI, Bath 
Ankylosing Spondylitis Disease Activity Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; mSASSS, modified 
Stoke AS Spine Score; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; C-telopeptide, C-terminal telopeptide; 
NSAID, nonsteroidal anti-inflammatory drug; DMARD, disease modifying antirheumatic drug. 
aHistory of glucocorticoid use equivalent to 5 mg or more of prednisolone for more than 3 months.
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tients regardless of the evaluation method. 

Accuracy of bone strength evaluation methods to 
detect FRAX scores indicating moderate or higher 
fracture risk in AS patients aged 40 years or older
As shown in Table 3, the ROC curve for discriminating 
FRAX-MOF scores indicating a high fracture risk was 
not drawn properly because only two patients showed a 

FRAX-MOF score of high fracture risk. All bone strength 
measurements showed comparably high AUCs to detect 
a FRAX-MOF score indicating a moderate or higher 
fracture risk (FRAX-MOF ≥ 10%; AUCs ranged 0.72 to 
0.76), except lumbar spine AP BMD. However, the AUCs 
for discriminating a FRAX-HF indicating a moderate or 
higher fracture risk were lower for the lumbar spine AP 
BMD and TBS than for the other methods tested.

Table 2. Comparison of bone strength measurements in patients with ankylosing spondylitis 

Parameter Total AS patients (n = 215) Male (n = 163) Female (n = 52) p value

Hip BMD, g/cm2

Femur neck 0.74 ± 0.13 0.76 ± 0.13 0.68 ± 0.09 < 0.01

Total 0.87 ± 0.13 0.89 ± 0.13 0.79 ± 0.10 < 0.01

Lumbar spine BMD, g/cm2 1.04 ± 0.21 1.07 ± 0.21 0.92 ± 0.14 < 0.01

Lumbar spine BMD (L2–L3), g/cm2

Anteroposterior 1.04 ± 0.21 1.07 ± 0.22 0.92 ± 0.14 < 0.01

Lateral 0.62 ± 0.17 0.64 ± 0.18 0.55 ± 0.12 < 0.01

TBS 1.39 ± 0.10 1.37 ± 0.10 1.35 ± 0.08 0.19

TBS (L2–L3) 1.39 ± 0.10 1.40 ± 0.11 1.36 ± 0.09 0.06

Patients with abnormal bone strengtha 114 83 31

Osteoporosis or osteopeniab 

Femur neck BMD 61 (53.5) 38 (45.8) 23 (74.2) < 0.01

Total hip BMD 30 (26.3) 17 (20.5) 13 (41.9) 0.02

Lumbar spine BMD 32 (28.1) 15 (18.1) 17 (54.8) < 0.01

Low TBS of lumbar spine (≤ 1.31) 28 (24.6) 14 (16.9) 14 (45.2) < 0.01

Values are presented as mean ± SD, number only, or number (%).
AS, ankylosing spondylitis; BMD, bone mineral density; L2–L3, mean of L2 and L3;  TBS, trabecular bone score.
aAged ≥ 50 years.
bT score ≤ –1.0.

Table 3. ROC AUC values to discriminate moderate or higher 10 year probability of fracture in patients aged 40 years or older

Variable Number
Hip BMD Lumbar spine BMD (L2–L3)

TBS (L2–L3)
Total Femoral neck Anteroposterior Lateral

Ten-year probability of fracture  
by FRAX without BMD

173

FRAX-MOF ≥ 20% 2 NA NA NA NA NA

FRAX-MOF ≥ 10% 11 0.76 0.73 0.61 0.72 0.73

FRAX-HF ≥ 3% 10 0.73 0.75 0.61 0.73 0.64

FRAX-HF ≥ 1% 54 0.66 0.68 0.56 0.62 0.53

ROC, receiver operating characteristics; AUC, area under the curve; BMD, bone mineral density; FRAX, Fracture Risk Assess-
ment Tool; MOF, major osteoporotic fracture; NA, not applicable; HF, hip fracture. 
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Correlations between bone strength measurement 
methods and mSASSS
The correlations between all the bone strength mea-
surement methods and mSASSS are presented in Table 
4. The most notable finding is that only TBS negatively 
correlated with mSASSS in both male and female pa-
tients with AS (r = –0.240 and r = –0.296, respectively; p 
< 0.01). TBS also negatively correlated with mSASSS in 
the total study population. In contrast, lumbar spine 
AP BMD showed a positive correlation with mSASSS in 
male patients and all patients. There was no correlation 
between lumbar spine AP BMD and mSASSS in female 
patients. However, hip BMD and lumbar spine lateral 
BMD showed negative correlations with mSASSS only 
in female patients (p < 0.05). 

DISCUSSION

Our study population reflects the characteristic clinical 
differences between male and female patients with AS in 
Korea. In addition, TBS showed comparable predictabil-
ity for detecting FRAX-MOF score of moderate or high-
er fracture risk compared to hip BMD or lumbar lateral 
BMD in the analyses of ROC curves in AS patients aged 
40 years or older. This indicates that a low TBS could be 
associated with an increased risk of MOF that includes 
VF in patients with AS. The most distinctive finding of 
this study is that only TBS negatively correlated with 
mSASSS in both male and female AS patients. In other 
words, TBS was the only bone strength measurement 
that was unaffected by the characteristic spinal osteopro-
liferation of AS, even in male patients with advanced spi-

nal changes. These key findings attest to the usefulness 
of TBS in assessing bone strength in patients with AS.

Many previous studies have shown that clinical char-
acteristics could differ between male and female pa-
tients. Male AS patients generally show more prevalent 
HLA B27 positivity and advanced spinal radiographic 
change. In contrast, female patients present with more 
prevalent peripheral joint involvement and higher 
symptomatic burden of AS [29]. Our study showed sim-
ilar characteristic differences between male and female 
AS patients, even though age and disease duration did 
not differ between the groups (Table 1). However, the 
similar BASDAI and C-reactive protein (CRP) found in 
female patients in this study differed from the findings 
of previous studies, which mainly included white eth-
nicity populations. BASDAI and CRP were higher in fe-
male patients in those previous studies [29]. As shown in 
Fig. 1, the distribution of patients according to mSASSS 
is distinctively right skewed, and at all spine levels, the 
mean grades of mSASSS were higher in male patients 
than in female patients. Thus, sex seems to play a very 
important role in AS and should always be regarded as 
an important confounding factor when investigating 
patients with AS. However, no previous study has sep-
arately evaluated correlations between bone strength 
measurement methods and the degree of spinal radio-
graphic change in male and female AS patients [21]. 

The prevalence of VF history in this study was 4.2%, 
which was lower than the prevalence of 13.6% in the gen-
eral population of a rural Korean community [30]. In a 
Swedish cohort of 204 AS patients by Klingberg et al. [15], 
only three patients (1%) reported previous VF. However, 
24 patients (11.8%) were found to have VF after the sys-

Table 4. Correlations between bone strength measurements and modified Stoke Ankylosing Spondylitis Spine Score

Patient
Hip BMD Lumbar spine BMD (L2–L3)

TBS (L2–L3)
Total Femoral neck Anteroposterior Lateral

Total (n = 215) 0.200a 0.187a 0.402a 0.009 –0.182a

Male (n = 163) 0.149 0.154 0.393a –0.056 –0.240a

Female (n = 52) –0.341b –0.316b –0.219 –0.287b –0.296b

By Pearson’s correlation coefficients. 

BMD, bone mineral density; L2–L3, mean of L2 and L3; TBS, trabecular bone score.
aCorrelation is significant at the 0.01 level. 
bCorrelation is significant at the 0.05 level.
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temic radiographic evaluation. The presence of VF was 
also determined by systemic radiographic evaluation in 
the cohort of a Korean rural community [30]. The anky-
losed spine of AS patients is prone to fracture even after 
minor trauma, and spinal fractures are asymptomatic in 
some patients, leading to delay in diagnosis. Further-
more, X-ray of the spine in patients with AS may be dif-
ficult to interpret owing to the preexisting spinal struc-
tural change of AS [5]. Klingberg et al. [15] also showed 
that the prevalence of VF varied among studies from 
9% to 42% depending on different definitions of VF, 
making a straightforward comparison between studies 
impossible. The prevalence of non-VF in our study was 
higher than in the Swedish cohort result (21.9% vs. 9%) 
[15]. However, both studies have limitation for compari-
son of fracture prevalence as traumatic causes were not 
distinguished. 

In general, males tend to show higher BMD compared 
to females both at the lumbar spine and hip [31]. Mea-
surement of BMD in this study was also higher in male 
patients at every examined site (Table 2). But, TBS is a 
pure bone texture index that measures different aspects 
of bone strength independent of BMD [16,32]. No signif-
icant difference in TBS between the sexes was noted in 
this study, like the results of a previous study conducted 
in the general population [32]. Indeed, there was no previ-

ous study to compare with our results regarding the TBS 
differences between male and female AS patients. How-
ever, patients with low TBS (≤ 1.31) were more prevalent 
in female in patients aged 50 years or older, as shown in 
Table 2. Female AS patients aged 50 years or older could 
be at higher risk of fracture compared to male patients of 
same age group in aspects of bone density and trabecular 
bone quality. However, predicting future fracture risk is 
a complicated task because many clinical factors other 
than BMD can contribute to it. Those clinical factors in-
clude age, sex, prior fragility fractures, parental history 
of hip fracture, smoking history, alcohol consumption, 
long-term glucocorticoid use, and certain comorbidities 
such as rheumatoid arthritis [33]. FRAX is an algorithm 
developed by WHO that calculates 10-year fracture prob-
ability using those clinical factors. Our results show that 
hip BMD, lumbar lateral BMD, and TBS predict a mod-
erate or higher risk of FRAX-MOF comparably well in 
patients aged 40 years or older. FRAX-MOF reflects the 
probability of fracture in the hip, clinical spine, wrist, or 
humerus [33]. TBS was not inferior in predicting MOF 
compared to hip DXA scan in this group of AS patients. 
In a previous study of patients with axSpA, TBS was low-
er in patients with VF than in those without VF, and TBS 
showed better discriminatory value than total hip BMD 
in the prediction of VF [34]. Our result, taken together 

Figure 1. Comparison of modified Stoke Ankylosing Spondylitis Spine Score (mSASSS) between male and female patients with 
ankylosing spondylitis. (A) Mean mSASSS for each spinal level. (B) Distribution of patient density according to the mSASSS. C, 
cervical spine; T, thoracic spine; L, lumbar spine; the upper and lower anterior corners of the spines are denoted by U and L, 
respectively. 
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with previous reports, support the idea that TBS could 
predict future VF in patients with AS. However, FRAX 
has the limitation of not considering many causes of 
secondary osteoporosis [33]. According to a study on the 
clinical risk factors for VF in AS patients, the presence of 
VF was significantly associated with higher mSASSS [35]. 
This result suggests that the risk of VF not only increases 
with the presence of the disease itself, but also with more 
advanced spinal structural change of AS. Therefore, we 
need to improve the clinical tools available to predict the 
future risk of VF in AS patients. The presence of AS and 
the severity of its spinal change could be good candidate 
clinical risk factors to consider when predicting the risk 
of VF in patients with AS [4,5]. 

Our study showed some contradictory results com-
pared with two previous studies regarding the correla-
tions between bone strength measurement methods 
and mSASSS. Femoral neck, total hip, and lumbar lateral 
BMD negatively correlated with mSASSS in the Swedish 
cohort of 204 AS patients [2]. In a Korean cohort of 100 
male AS patients aged 50 years or younger by Kang et al. 
[21], femoral neck and total hip BMD also negatively cor-
related with SASSS, another radiographic scoring system 
that measures only lumbar spinal changes in AS patients. 
However, in our study, lumbar lateral BMD and hip BMD 
correlated negatively with mSASSS only in female pa-
tients, not in male patients. The Swedish group reported 
that their five-year follow-up data showed unexpected in-
crease in lumbar lateral and total hip BMD but decrease 
in femoral neck BMD when mSASSS increased. Because 
the increase in lumbar AP and lateral BMD was signifi-
cant only for male patients, who had higher mSASSS than 
female patients overall, they suspected that the lumbar 
lateral DXA scan might also have been influenced by os-
teoproliferation of spine [36]. Male patients in our study 
included patients with much higher mSASSS than the 
patients in the Swedish cohort (mSASSS of 32.5 ± 23.1 in 
this cohort vs. 16.6 ± 20.9 in the Swedish cohort) and the 
patients in the Korean cohort conducted by Kang et al. 
[21] (SASSS of 13.71 ± 13.26 in this cohort vs. 9.5 ± 16.0 in 
the young male Korean AS cohort). Therefore, we also as-
sume that advanced spinal structural changes could have 
affected some part of the lumbar spine and increased the 
lumbar lateral BMD. The increase in total hip BMD after 
5 years of follow up in the Swedish cohort was also signif-
icant only in male patients (p < 0.001). Zhao et al. [37] in-

vestigated the factors associated with severe radiographic 
hip involvement in an AS cohort and identified spinal in-
volvement as an associated clinical factor. Accompanying 
hip cortical changes, such as osteophyte formation, could 
have increased both total hip and femur neck BMD in 
male patients with advanced spinal disease in our cohort. 
Future studies that measure radiographic hip change or 
perform a QCT evaluation of both hip and lumbar spine 
could help to clarify these correlations. 

One of the most notable findings in this study is that 
only TBS correlated negatively with mSASSS in both 
male and female AS patients. Though TBS also correlat-
ed negatively with SASSS in the cohort of young male 
AS patients by Kang et al. [21], our finding signifies that 
TBS is not influenced by the spinal osteoproliferation 
characteristic of AS, even in male patients with advanced 
spinal changes and female AS patients. The strengths of 
TBS include easy accessibility and low cost because it 
is calculated using lumbar AP DXA scan images [16]. In 
addition, compared with lumbar lateral DXA scans or 
QCT, TBS has fewer problems with poor precision or 
radiation hazards, respectively [2,38]. Because only a sin-
gle study previously used TBS for patients with AS [21], 
more studies on this topic are needed, and TBS should 
be considered as an additional recommended tool for 
evaluating osteoporosis in patients with AS. 

Our study has several limitations. First, we investi-
gated the prevalence of fracture primarily by relying on 
patient history, without systemic X-ray evaluations for 
VF. However, we reviewed all the medical records of spi-
nal X-ray interpretation to minimize this weakness. In 
addition, three patients with history of lumbar surgery 
were excluded in this study to facilitate accurate bone 
strength evaluation. Therefore, our result could un-
derestimate the true prevalence of VF to some extent. 
Second, we did not examine the menopausal status in 
female patients, which has a significant impact on fe-
male bone health [39]. Park et al. [40] reported the mean 
± SD age of natural menopause in Korea as 49.3 ± 0.07 
years through the evaluation of 12,761 females using the 
Korea National Health and Nutrition Examination Sur-
vey data. Therefore, in the evaluation of patients with 
abnormal bone strength (Table 2), we limited female 
patients to aged 50 years or older as most of them are 
likely to be in postmenopausal or late perimenopausal 
period, when bone loss is accelerated owing to the hor-
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monal change [39]. Third, because we did not perform 
QCT evaluations, the exact degree of cortical or trabecu-
lar change of the spine or hip was not evaluated. Lastly, 
mSASSS was measured by a single investigator at two 
different times. However, the intraobserver reliability 
between the two measurements was excellent (intraclass 
correlation coefficients, 1.00; p < 0.001).

In summary, among the bone strength evaluation 
methods examined in this study, only TBS was not in-
fluenced by the characteristic spinal osteoproliferation 
of AS in both male and female patients. In addition, TBS 
was not inferior in predicting the risk of MOF com-
pared to hip BMD or lumbar spine lateral BMD. Lum-
bar spine AP BMD was inferior in predicting the risk of 
MOF compared to other methods. Our results indicate 
that TBS is a useful tool in assessing bone strength in 
patients with AS.
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