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SUMMARY
OBJECTIVE: The aim of this study was to investigate if there is a bias in bone mineral density measurements among major densitometric 

techniques across multiple skeletal sites. 

METHODS: In 25 advanced ankylosing spondylitis patients, bone mineral density measurements were acquired in the lumbar spine, 

the hip, and the forearm. 

RESULTS: In total, 60% of patients had a bone mineral density Z-score of -2 or less at one or more skeletal sites. Dedicated loss of cortical 

bone was identified at the distal forearm (60% of patients). Differences in bone mineral density measurements across all densitometric 

techniques were highly significant (p≤0.001). Bone loss was more striking in spinal trabecular bone by three-dimensional quantitative 

computed tomography [Z-score -2.1] versus dual-energy X-ray absorptiometry [Z-score 0]. A trabecular bone loss quantified by quantitative 

computed tomography was about twice as much as a cortical bone loss by single-energy X-ray absorptiometry (p=0.001). 

CONCLUSIONS: Low bone mineral density is prevalent in advanced ankylosing spondylitis patients, predominating in the spine. Bone mineral 

density measurements have systematic differences when compared to each other. Knowledge of these offsets is useful for improved diagnosis of 

regional bone loss that allows for targeted treatment of osteoporosis. Three-dimensional quantitative computed tomography is more suitable for 

evaluating spinal osteoporosis in advanced ankylosing spondylitis than dual-energy X-ray absorptiometry, which rather underestimates bone loss. 
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INTRODUCTION
Ankylosing spondylitis (AS) is characterized by spinal liga-
mentous calcification, osteoporosis, and increased risk for frac-
tures1-3. Reportedly, osteoporosis occurs with an incidence rang-
ing between 18.7 and 62%4, and diagnosis becomes important 
for targeted pharmacologic therapies5. 

Dual-energy X-ray absorptiometry (DXA) is the bone 
densitometric technique of choice for evaluating bone 

mineral density (BMD) in AS patients6-11. To acquire 
accurate BMD measurements, we used three-dimensional 
quantitative computed tomography (3DQCT) supplanted 
by DXA and single-energy X-ray absorptiometry (SXA), 
as well as compared 3DQCT with the other bone densito-
metric methods. We investigated if there is a bias in BMD 
measurements across all densitometric techniques when 
compared to each other. 
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METHODS

Patients and spine radiographic assessment
We included 25 patients (20 males, 5 females; 32–80 years) with 
chronic AS12 in our study. Prevalent fractures were defined using 
the grading scheme for vertebral deformity described by Genant13.

Bone density measurements
DXA–DXA measurements of bone mass were acquired in the 
L-spine (L1–L4) and the proximal femur. DXA provides an 
estimate of integral BMD representing both cortical and tra-
becular bone14.

SXA–BMD was measured in the non-dominant forearm, 
i.e., distal and ultradistal sites, by SXA. The distal forearm 
measurement is predominantly of cortical (87%) bone, and 
the ultradistal forearm is of trabecular (65%) bone14. 

3DQCT–A total of 22 (88%) patients underwent BMD 
measurements in the L-spine (L2–L3) by QCT (i.e., 3DQCT) 
supplanted with three-dimensional Pro-software (Mindways, 
San Francisco, CA, USA). QCT allows a selective assessment 
of cortical and trabecular bone density and a true volumet-
ric assessment of bone mass. BMD was judged reduced if the 
Z-score was equal to or below -215. 

Statistical analyses
The Wilcoxon signed-rank test was used to assess the differences 
between BMD Z-scores across skeletal sites. To test for differ-
ences by fracture status, the Mann-Whitney U test was used 
for median BMD Z-scores at each skeletal site. Correlations 
between BMD measurements were expressed as Spearman’s 
correlation coefficients. A reduced probability level of 0.002 
was accepted as significant in all analyses, except for the two-
tailed Spearman’s correlation (p=0.01). 

RESULTS

Patient characteristics
The patient demographic variables are summarized in Table 1. 

Fractures: The overall fracture rate was 56% (14/25 patients). 
The development of fracture was similar between men and women 
in terms of age and body mass index (BMI). The L-spine was 
the most common site of fracture (36%; 9/25). 

Bone mineral density measurements
Table 1 presents cumulative BMD Z-score measures for our 
study population. The median Z-scores at all eight sites mea-
sured were predominantly negative, indicating an overall trend 
toward a significant reduction of the BMD in patients (Figure 

1). A BMD Z-score of -2 or less at one or more skeletal sites 
(osteoporosis) was found in 15 of the 25 AS patients (60%). 
A further 19 patients (76%) had a Z-score between -1 and -2 
at any site (osteopenia). With DXA, spinal BMD [Z-score, 
0 (-5.2–3.4)] was decreased in eight patients (32%). Using 
3DQCT, spinal trabecular bone loss [Z-score, -2.1 (-5.2 – 
-0.05)] was identified in 19 patients (86.3%). 

Total hip measurements showed decreased BMD in 10 
patients (52.6%). BMD was reduced at the femoral neck in 
10 patients (43.4%), and trochanteric BMD was reduced 
in nine patients (39.1%). Measurements at the distal fore-
arm (cortical bone) and ultradistal forearm yielded reduced 
BMD [Z-score, -1.1 (-4.2–0.8)] in 12 patients (60%) and 
[Z-score, -0.8 (-4.5–1.1)] in eight patients (40%), respectively. 
Trabecular bone loss (by QCT) was about twice as much as 
cortical bone loss (by SXA) (p=0.001). Despite statistically 
not significant differences in BMD between fractured and 
non-fractured patients (p<0.002), the analysis of Z-scores 
showed a trend toward bone loss across all sites, with the 
exception of the forearm (Figure 2).

Table 1. Median (range) demographic and bone mineral 
density Z-scores of patients with advanced Ankylosing 
spondylitis.

Ankylosing spondylitis 
patients (n=25)

Age (years) 55 (32–80)

Weight (kg) 68.1 (49–113)

Height (m) 1.64 (1.4–1.82)

Body mass index (kg/m2) 24.5 (18.3–35.5)

Z-Distal forearm
-1.1 (-4.2–0.8)

n=20

Z-Ultra distal forearm
-0.8 (-4.5–1.1)

n=20

Z-Lumbar spine Dual-energy 
X-ray absorptiometry

0 (-5.2–3.4)
n=25

Z-Lumbar spine quantitative 
computed tomography

-2.1 (-5.2– -0.05)
n=22

Z-Femoral neck
-0.9 (-3.3–1.8)

n=23

Z-Total hip
-1 (-3.3–1.8)

n=19

Z-Trochanter
-0.8 (-2.9–1.6)

n=23

Z-Ward’s triangle
-0.8 (-3.6–0.9)

n=23
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DXA-acquired hip measurements showed that there was 
a strong correlation between Z-scores at the trochanter and 
the femoral neck, total hip, and ultradistal forearm (r=0.793–
0.887, p=0). A similar strong correlation was noted between 

Figure 2. Spinal (Dual-energy X-ray absorptiometry and 
quantitative computed tomography), femoral neck (Dual-
energy X-ray absorptiometry), trochanteric (Dual-energy X-ray 
absorptiometry), total hip (Dual-energy X-ray absorptiometry), 
and forearm (single-energy X-ray absorptiometry) Z-scores 
(median values) for Ankylosing spondylitis patients with (1) 
and without (0) fractures.

Figure 1. Bone mineral density Z-scores in ankylosing spondylitis patients. The solid horizontal line indicates the mean Bone 
mineral density Z-score of an age- and sex-matched control population, and the broken horizontal line indicates a Bone 
mineral density Z-score of -2.

Relationships between BMD  
Z-scores assessed at multiple sites by 
various bone densitometric methods

Correlations between the different bone density metrics were 
analyzed. In comparing the decrease in BMD at the L-spine 
as measured by DXA and 3DQCT, there was a significant 
difference between densitometric techniques (p<0.001). We 
found a moderate, yet significant, correlation between the 
3DQCT L-spine BMD measurements and femoral neck 
DXA-acquired BMD measurements (Spearman’s correlation 
coefficient r=0.699, p=0.001). Significant differences were 
also found when comparing QCT L-spine measurements of 
BMD versus SXA-based BMD measurements at the distal 
and ultradistal forearm (p=0.001). Similar significant dif-
ferences in BMD Z-scores were recorded between L-spine 
measurements by QCT and DXA-based measurements at 
the femoral neck (p<0.001), Ward’s triangle (p<0.001), and 
the trochanter (p<0.001). 

Measurements proved poor correlation between Z-scores 
by 3DQCT at the L-spine and Z-scores by DXA at the L-spine 
(r=0.447, p=0.037), the trochanter (r=0.544, p=0.013), total 
hip (r=0.6, p=0.011), and the forearm (by SXA) (r=0.365–0.5, 
p=0.041–0.15). No correlation was found between Z-scores 
either at the L-spine by DXA or at the distal forearm by SXA 
(r=0.368, p=0.11). 
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Z-score at the femoral neck and the total hip (r=0.794, p=0). 
Correlation between Z-scores (by DXA) at the L-spine and the 
femoral neck (r=0.683, p=0), trochanter (r=0.723, p=0), and 
total hip (r=0.701, p=0.001) was good. 

Distal forearm Z-scores (calculated by SXA measurements) 
were correlated well with the trochanter (r=0.766, p=0), the fem-
oral neck (r=0.744, p=0), and the total hip (r=0.695, p=0.003). 
Similarly, the ultradistal forearm measurements (by SXA) were 
correlated well with the distal forearm (r=0.764, p=0), the fem-
oral neck (r=0.754, p=0), the L-spine (r=0.651, p=0.002), and 
the total hip (r=0.683, p=0.004). Comparing Z-scores across 
different sites, with the exclusion of those obtained by QCT, 
the differences no longer reached the statistical significance 
(p-values from 0.002–0.983). 

DISCUSSION
The characteristics of the AS patients are similar to those in other 
studies with respect to sex, age, BMI, and fractures16,17. Few stud-
ies have used dedicated QCT measurements to determine the 
bone mass in AS, which may have implications for treatment18. 
The major findings in this study indicate that 3DQCT can be 
effectively used to acquire bone mass measurements that differ 
significantly from measurements acquired by other bone densi-
tometric methods, in both the trabecular and cortical bone. No 
prior studies have used QCT in addition to DXA and SXA to 
evaluate osteoporosis in patients with advanced AS. 

In the pathophysiology of bone loss in AS, proposed mech-
anisms1,18,19 have included subclinical inflammatory bowel dis-
ease with malabsorption of calcium and vitamin D18,20,21 and 
secondary hyperparathyroidism, which may induce intracor-
tical bone loss. Once there, the appendicular skeleton (rich in 
cortical bone) is more likely to be offended by changes in para-
thyroid hormone due to the malabsorption of calcium. Our 
finding of bone loss in the distal forearm of patients, an area 
rich in cortical bone14, lends further support to the coexistence 
of secondary hyperparathyroidism and AS.

Most previous investigators have focused on bone mass 
changes at the L-spine and proximal femur and have not 
reported the changes of bone mass occurring in the appendic-
ular skeleton21,22. Sarikaya et al.19 concluded that osteoporosis 
affects the hip sparing the forearm. Unlike these investigators, 
Will et al.23 found a 5% decrease in BMD at the carpus, sug-
gesting that bone loss involves both the cortical and trabecu-
lar bone. In accordance with Will et al.23, we found reduced 
bone density at the radius, as opposed to the previous stud-
ies2,10,19,24. Other studies also support our results about reduced 
cortical BMD at peripheral sites2,8, suggesting a possible link 
between systemic inflammation and bone resorption. Our 

measurements show that the trabecular and cortical bone appear 
to have considerable differences in the rate of bone loss, with 
the overall difference of trabecular versus cortical bone loss be 
nearly double (p=0.001). Similar findings are reported by other 
investigators17 who postulate that trabecular and cortical bone 
compartments appear to have different biological behaviors to 
systemic inflammation. 

In AS, the frequency of osteoporotic fractures varies from 0 
to 40.9%3,5,6,11,16,20,22. Our data indicate a high vertebral fracture 
rate of 36%, owing probably to advanced AS. Although the 
decreased bone mass was not statistically significant between 
fractured and non-fractured patients, in our series, bone loss 
was trending across all sites with the exception of the forearm. 
A possible explanation for this noteworthy finding would relate 
to the non-weight-bearing properties of the forearm as opposed 
to other sites. Similarly, other investigators25 have reported no 
significant BMD differences at the L-spine between fractured 
and non-fractured patients, whereas BMD at the femoral neck5 
and total hip was significantly lower in fractured patients. 

The frequency of bone loss in AS varies, depending on the site 
used for the measurement of the BMD. A significant decrease in 
BMD of the proximal femur has been documented in late AS8,25. 
Karberg et al.10 detected a bone loss in 86% of the AS patients 
at the femoral neck. Bone loss was found in 54.5% of patients 
at the femoral neck and in 52.3% of patients at the trochanter 
and total hip, with an overall bone loss recorded in 69% of the 
patients7. Other investigators9,11 have reported variably decreased 
BMD at the femoral neck and L-spine in 13.7–41.2% and 18.7–
46.5% of AS patients, respectively. We found bone loss in 39.1% 
of patients either at the femoral neck or at the trochanter, 52.6% 
at the total hip, and 32% at the spine by DXA. 

As DXA and SXA are the projectional 2D techniques, the 
discrimination between the cortical and trabecular bone is not 
feasible. QCT is unique among current bone densitometric 
techniques, providing separate estimates of trabecular and 
cortical BMD as a true volumetric mineral density. Indeed, 
this exquisite capability to distinguish BMD measurements 
between bone compartments is important because the trabec-
ular bone has a higher turnover rate than cortical bone and 
greater responsiveness to many metabolic stimuli and drugs. 
QCT confers the benefit of excluding confounding factors 
that may falsely elevate BMD such as extraneous calcifica-
tion, in contrast to DXA or SXA. In patients with late-stage 
AS, Lee et al.8 found decreased BMD at the L-spine when 
measured by QCT (Z-score -3.85±1.33), whereas BMD at 
the same site was not low when measured by DXA (Z-score 
0.79±2.57). Similarly, another study10 has indicated that bone 
loss in the spine measured by QCT (54% of patients) is not 
equivalent to bone loss measured by DXA (40% of patients). 
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Additional studies in AS patients have validated discrepancies 
between QCT and DXA measurements of BMD24. Our results 
determine low bone mass by QCT in 86% of AS patients, as 
opposed to 32% of the patients by DXA, and are supported 
by the available literature. 

Limitations to this study include an inherent selection 
bias created because only patients with advanced disease were 
studied without comparison to a reference standard. Also, a 
relatively small number of patients with late-stage AS were 
examined with the various bone densitometric techniques. 
Finally, not all densitometric techniques were applied in all 
patients. Notwithstanding its limitations, however, this study 
suggests that in late AS patients, discrepancies in BMD values 
are present among all densitometric techniques when com-
pared to each other. 

Our measurements indicate that generalized reductions in 
BMD are present not only at the sites of predominant trabec-
ular bone (spine), or predominant cortical bone (distal fore-
arm), but also at the sites of mixed cortical and trabecular bone 
(proximal femur), implying that both the trabecular and cortical 
bone components, in both the axial and appendicular skeletal 
sites, are offended in advanced AS. Although DXA remains the 
most widely accepted clinical tool for the measurement of the 

BMD, our findings suggest that QCT may play a unique and 
pivotal role in the accurate assessment of spinal osteoporosis 
associated with advanced AS. Most importantly, our results 
show that the true pattern of the demineralization of the axial 
skeleton may be more accurately and precisely reflected by 
QCT. It appears that confounding factors related to the state 
of the AS disease can contribute to spurious results by DXA. 
Based on our results, we clearly recommend the use of QCT 
over DXA that will allow clinicians the optimal assessment of 
the true spinal BMD, in late-stage AS. 
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