
Purpose:

Since the clinical outcome of osteoporosis is bone 
fracture, attention is focused on the identification 
of patients at high risk for fractures rather than the 
identification of people with osteoporosis defined 
by BMD. We investigated measurements of BMD 
of the calcaneus by DXL as a possible alternative 
device for the assessment of BMD together with the 
implementation of clinical risk factors (CRF) compared 
to DXA at standard skeletal sites.

Methods:

Between July 2009 and June 2010 baseline 
characteristics of 494 outpatient treatment naive 
postmenopausal women (67.9±15.0 ys) and 97 men 
(61.5±12.7 ys) were evaluated for a preplanned 5 year 
follow up period. All subjects had prior spine X-rays, 
evaluation of CRF according to FRAX® guidelines and 
fasting serum markers of bone metabolism (BTMs) 
[Tab 1, 2]. 
BMD of total hip, femoral neck and spine were measured 

using dual energy X-ray absorptiometry (DXA; GE 
LUNAR iDXA scanner). BMD assessments of the 
calcaneus were performed by dual x-ray absorption 
and laser scan (DXL Calscan; Demetech AB; Solna, 
Sweden). Both measurements were performed by 
the same validated and experienced technician at the 
same day [Fig 1].

We calculated receiver operating curves (ROC) 
expressed as area under the curve (AUC) to describe 
the sensitivity and specificity of DXA of spine/hip and 
for DXL at calcaneus to discriminate between patients 
at risk for vertebral fracture. Furthermore we generated 
a univariate multiple logistic regression model for CRF 
alone and for CRF including BMD by DXA or DXL.

Results:

Out of 591 subjects, 160 patients had prevalent vertebral 
fractures (72.6±12.1 vs 61.4 ± 9.3ys; P<0.001). BTMs 
had no statistical influence.
According to the WHO definition the detection rates 
of BMD measurements at different skeletal sites were 
almost equal for osteopenic subjects, but varied for 
normal or osteoporotic BMD values [Fig 2].
In the ROC analysis the AUC of BMD alone was 0.6699 
for DXA femoral neck, 0.6654 for DXL calcaneus, 
0.6614 for DXA total hip and 0.5981 for DXA lumbar 
spine (P=0.034) [Fig 3].  

The AUC for CRF without BMD was 0.805. In this 
model significant CRF (P<0.05) were previous fragility 
fractures (OR 24.5; 95%CI 13.4, 44.6), age (OR 1.04; 
95%CI 1.02; 1.06) and BMI (OR 1.05; 95%CI 1.00; 1.90). 
After combination of DXA femoral neck and CRF the 
AUC improved to 0.869. Significant ORs (P<0.05) 
were previous fractures (20.9; 95%CI 10.5; 41.6), 
alcohol use (3.9; 95%CI 1.05; 14.46) and BMD femoral 
neck (0.68; 95%CI 0.48; 0.94). 
The AUC for DXL calcaneus and CRF was 0.861. 
Most important factors were age (OR 1.03; 95%CI 
1.00; 1.05), previous fracture (OR 23.9; 95%CI 12.5; 
45.7) alcohol use (OR 2.94; 95%CI 0.86; 10.02) and 
BMD calcaneus (OR 0.77; 95%CI 0.57; 1.04; P=0.09)  
[Table 3, Fig 4]. 

Discussion:

In this study BMD measurements of the calcaneus 
were comparable to DXA measurements of femoral 
neck and superior to DXA of lumbar spine. 
However, BMD regardless of anatomical site without 
evaluation of CRF has no significant discriminatory 
capacity for evaluation of the individual fracture risk. 

CRF, which are easy to obtain, improve the predictive 
values. Nevertheless not all the CRF have equal 
statistical power. The most outstanding CRF were 
age, prevalent fragility fractures and alcohol intake 
whereas the other risk factors as defined by FRAX 
did not reach statistical power.
DXA of femoral neck and DXL of calcaneus proofed 
to be important in the patient´s overall assessment 
and provide auxiliary information to CRF by further 
enhancing the sensitivity and specificity. 

Conclusions: 

BMD measurements at central and peripheral 
areas are necessary and useful tools in determining 
individual fracture risk. Based on our study none of 
the BMD measurements alone are comparable to 
the discriminative power of the assessment of clinical 
risk factors in predicting future vertebral fracture 
risk. Our data demonstrate that the sensitivity and 
specificity of DXA and DXL is almost equal, therefore 
DXL measurements might be a feasible and an easy 
transportable alternative in countries where DXA is 
not available. 
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Fig 1: Difference of DXA and DXL BMD measurements
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Tab 1: Baseline characteristics

Women 

(n=494)

men 

(n=97)
Mean Age [years], ± SD 67.9 ± 15.0 61.5 ± 12.7

Mean BMI [g/cm2], ± SD 25.4 ± 5.1 25.5 ± 4.2

Without vertebral fracture, n (%) 364 (74%) 64 (68%)

With vertebral fracture, n (%) 130 (26%) 30 (32%)

Tab 2: Bone turnover markers at baseline

parameter
[range, unit]

Without vertebral 
fracture 
(n=428)

With vertebral 
fracture 
(n=160)

p-value

Calcium (2.10 - 2.58 mmol/l) 2.29 ± 0.25 2.34 ± 0.45 n.s.

Phosphorus (0.60 – 1.55 mmol/l) 1.08 ± 0.18 1.11 ± 0.28 n.s.

ALP ((U/l) 79.44 ± 31.68 85.63 ± 36.91 n.s.

P1nP (27.7 – 127.6 µg/l) 56.19 ± 43.19 59.80 ± 42.61 n.s.

iPTH (14.3 – 55 pg/ml) 54.61 ± 21.14 46.50 ± 19.52 n.s.

S-CTX (< 0.6 ng/ml) 0.47 ± 0.23 0.45 ± 0.31 n.s.

25-OH vitamin D3 (< 30 ng/ml) 27.08 ± 20.08 27.25 ± 16.84 n.s.

TSH ( 0.40 – 4.00 µU/l) 1.82 ± 1.48 1.72 ± 1.39 n.s.

Tab 3: Univariate multiple logistic regression analysis of 
clinical risk factors including BMD measurements at femoral 
neck and calcaneus in patients with vertebral fractures

dXA femoral neck dXl calcaneus

Unit or 
(95% ci) p value or 

(95% ci) p value

Age 1 1.019 
(0.992; 1.046) 0.1653 1.028 

(1.002; 1.054) 0.0369

Fragility fracture 1 20.944 
(10.540; 41.618) <0.0001 23.938 

(12.532; 45.724) <0.0001

Smoker 1 1.002 
(0.387; 2.593) 0.9967 0.949 

(0.397; 2.272) 0.9071

BMI 1 1.065 
(0.985; 1.151) 0.1123 1.027 

(0.968; 1.090) 0.3755

Rheumatoid Arthritis 1 0.254 
(0.035; 1.873) 0.1789 0.329 

(0.055; 1.979) 0.2246

Corticosteroids 1 2.979 
(0.478; 18.56) 0.2422 1.939 

(0.360; 10.452) 0.4411

Alcohol intake >2 units/day 1 3.896 
(1.051; 14.446) 0.042 2.935 

(0.860; 10.016) 0.0856

Secondary osteoporosis 1 1.087 
(0.349; 3.387) 0.8857 1.214 

(0.439; 3.358) 0.7087

BMD (g/cm2) 0.1 0.676 
(0.481; 0.949) 0.0237 0.754 

(0.498; 1.143) 0.093

Fig 4: Improvement of fracture risk prediction by combination of BMD measurement with clinical risk factors (CRF)
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Fig 2: Detection rate at different skeletal sites

T-Score DXL Calcaneus DXA total hip DXA fem 
neck 

DXA  
L1 – L4 

Total 591 569 566 539 
Osteoporosis 204 (34.69%) 90 (15.82%) 100 (17.67%) 125 (23.19%) 
Osteopenia 291 (49.49%) 285 (50.09%) 317 (56.01%) 274 (50.53%) 
Normal 93 (15.82%) 194 (34.09%) 149 (26.33%) 140 (25.97%) 

P=0.0044 

Fig 3: Receiver operating curves (ROC) of all BMD 
measurements 

AUC – BMD AUC – T-Score 
DXL calcaneus 0.6654 0.6869 

DXA femoral neck 0.6699 0.6669 

DXA total hip 0.6614 0.6756 

DXA L1-L4 0.5981 0.6066 

P-value for all 0.0340 0.0242 
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