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Introduction
The purpose of this study was to establish a data-

base of bone mineral density (BMD) measured at the
calcaneus for women and men. A dual X-ray and
laser technology (DXL) Calscan device (Demetech
AB, Stockholm, Sweden) was used for the study,
performed at different locations in southern Sweden.

BMD in the calcaneus can be used for fracture
risk assessment, with predictive power similar to

measurements made at the spine or hip (1–3). The
calcaneus has greater than 95% trabecular bone by
volume and the age-related bone loss in this bone is
similar to that in the lumbar spine (4).

Accuracy of BMD measurements is important for
diagnosis of the individual patient and precision for
monitoring response to therapeutic intervention. The
precision achieved in measuring BMD by conven-
tional dual-energy X-ray absorptiometry (DXA) is
typically better than 2%, but accuracy is consider-
ably worse. Errors of up to 20% have been reported,
resulting from inhomogeneous distribution of both
extraskeletal and intraskelatal fat (5–7). Meunier and
associates (8) have shown that yellow marrow fat
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varies between 15% and 80% by volume in the tra-
becular marrow spaces for both healthy and osteo-
porotic individuals. An inhomogeneous distribution
of fat within as well as between individuals causes
errors with conventional DXA measurements. This
is because of the basic limitation of a two-compo-
nent tissue model, which consists only of bone min-
eral and soft tissue and which assumes that the
proportion of fat is constant and homogenous.
However, the X-ray absorption properties of fatty
tissues are significantly different from those of both
bone mineral and other tissues (9). A more realistic
model of tissues is a three-component model con-
sisting of bone mineral, lean soft tissues, and fatty
tissues. In order to measure the bone mineral density
without influences of fatty tissues, three different
quantities have to be measured separately. The DXL
technique uses two X-ray energies in combination
with laser measurement of the object thickness in
order to determine all three tissue components (10).
Since the total thickness of the object being mea-
sured is composed of the individual thickness of
bone mineral, lean soft tissue, and fat, it is possible
to combine the thickness measurement with the two
X-ray measurements and get a unique solution of the
three different components at the measurement site.
Further studies are needed to validate if the increased
accuracy can improve the fracture prediction power
of the DXL technology.

Materials and Methods
Healthy Swedish Caucasians, 15–85 yr of age for

women and 19–85 yr of age for men, were enrolled
in the study. All participants were given a question-
naire for reporting medical history, medication use,
fracture history, smoking habits, alcohol habits, and
menopausal status. The candidates were recruited
from workplaces, universities, nursing homes, and
pensioner associations in southern Sweden. The
recruitment process was by advertisements and vis-
its. Exclusion criteria that were applied during the
data analysis were: history of osteoporosis treatment
by active agents such as bisphosphonate or calcito-
nine, use of corticosteroids for more than 3 mo, and
extended bed rest. Every participant in the study
signed an informed-consent form, and an ethics
committee approved the study.

BMD was measured at the nondominant foot
(usually the left) using DXL Calscan. This device
uses fan-beam X-rays at 35 and 68 kV. At the same
time, the heel thickness was measured with a trian-
gular laser technology.

The DXL Calscan device was checked by weekly
measurements of hydroxyapatite in different concen-
trations incorporated in a solid, water-based, human-
like phantom (Computerized Imaging Reference
Systems, Inc., USA). The study duration was 3 mo.
From these phantom measurements the in vitro pre-
cision of the device was determined. In vivo precision
was assessed by duplicate measurements, with repo-
sition of the foot between the measurements, on 35
healthy individuals (mean age 52 yr, range 25–72 yr)
from the total study group.

The relationship between BMD and fracture his-
tory was assessed for women aged 50 yr and over.
The age-adjusted odds ratio (OR) is reported.

Results
The total study population consisted of 1102

women and 493 men. After exclusion criteria were
applied, 993 women and 459 men were included in
the study. The mean age of the women were 48.2 ±
15.2 yr and for men 47.0 ± 15.2 yr. The characteris-
tics and anthropometric data of the study population
are shown in Table 1.

The age-dependent BMD values in 10-yr bands
for women and men are shown in Table 2 and are
plotted in Fig. 1.

Because the peak bone mass (PBM) for women was
found at an age of 22 yr and for men at an age of 25 yr
the young adult reference mean and standard deviation
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Table 1
Characteristics and Anthropometric Data 

of the Study Population

Women Men

Number 993 459
Mean age (± SD) 48.2 ± 15.2 47.0 ± 15.2
Weight (kg), mean (± SD) 67.3 ± 11.1 82.8 ± 12.0
Height (cm), mean (± SD) 165.6 ± 6.3 179.1 ± 6.8
Body mass index (kg/m2), 24.5 ± 3.8 25.8 ± 3.4

mean (± SD)



were derived from the age interval between 18 and 27
yr for women and between 20 and 29 for men. The age
of PBM was found by plotting the age-dependent
BMD values in 5-yr bands. The young adult reference
mean for women was found to be 0.483 ± 0.062 g/cm2

and for men 0.556 ± 0.074 g/cm2.
The rate of bone mass loss per year from age 50

and onwards was 1% for women and 0.5% for men.
To estimate the stability of the apparatus, a bone

phantom was measured weekly during the study. The

coefficient of variation (CV) from these measure-
ments was 0.5%.

The in vivo short-term precision was determined in
35 healthy individuals (mean age 52 yr, range 25–72
yr) from the total study group. The root-mean-square
(rms) CV from these measurements was 1.2%.

In 31 of the study subjects, both the right and left
calcaneus was measured (Fig. 2). No significant
differences could be found between the right and
left measurements.
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Fig. 1. BMD values for women and men plotted as a function of age for the DXL Calscan device.

Table 2
Age-Stratified BMD Values With Standard Deviations for Women and Men

Women Men

Age band (yr) Number BMD (g/cm2) SD (g/cm2) Number BMD (g/cm2) SD (g/cm2)

15–19 32 0.461 0.055 — — —
20–29 95 0.477 0.069 67 0.556 0.074
30–39 140 0.466 0.064 89 0.551 0.084
40–49 246 0.454 0.060 87 0.552 0.080
50–59 288 0.428 0.066 128 0.517 0.074
60–69 93 0.401 0.065 51 0.503 0.084
70–79 78 0.339 0.069 25 0.483 0.072
80–85 21 0.306 0.085 12 0.463 0.087



The correlation between BMD and body weight,
height, and body mass index is shown in Table 3. All
correlations were highly significant (p < 0.001)
although of low magnitude.

There were 480 women aged 50 yr and older. In
this group there were 163 women with a history of
fracture and 317 women without a history of fracture.
Among the fractured women, 38 reported at least two
fractures. The most commonly reported fracture sites
were forearm (n = 51), arm (n = 37), and ankle (n =
17). The age-adjusted odds ratio for a history of frac-
ture for women aged 50 yr and over with a BMD level
1 SD below the mean value, compared to women of
the same age group with a BMD level more than 1 SD
below the mean value, was estimated to 3.7 with a

95% confidence interval of 2.2–6.0. The values for
mean and SD were estimated from the group of 317
women in the reference database over 50 yr old and
without previous fractures. Of the 480 women aged
50 yr and over, 109 had a 1-SD reduction in bone den-
sity, whereas 371 had BMD levels above this value.

Discussion
The data obtained in this age-related study of the

BMD of the reference population with DXL Calscan
allows analysis of different behaviors of the BMD
over the lifetime for both women and men.

This reference database is of Swedish origin and
may not be appropriate for all regions of the world.
The variations in BMD values for northern European
regions are small (11), but larger discrepancies exist
for BMD values between southern and northern
Europe (12) and between Asia and the United States
(13,14). This implies that reference databases should
be established for each region of the world. One limi-
tation of the study is that these data are cross-sectional
and therefore are an estimate of the actual mean BMD
changes through time. Another limitation is that the
recruitment process was not random, because the sub-
jects were recruited from advertisements and visits to
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Fig. 2. Scatterplot of BMD values in left and right heel in 31 healthy subjects. Regression line and correlation shown.

Table 3
Correlation (Pearson Correlation) Between BMD and
Body Weight, Height, and Body Mass Index (BMI)

Body weight Body height BMI

Women 0.26 0.28 0.14
Men 0.25 0.23 0.15



workplaces. The recruitment should preferably be
done by an electoral or population register.

The frequent use of T-scores for the diagnosis of
osteoporosis emphasizes that the peak bone mass
(PBM) values and magnitude of the standard devia-
tion are of utmost importance. Many bone mineral
measurement devices use the mean BMD of ages 20
to about 45 yr for the estimation of the PBM (15).
However, in the present study we found that the
PBM values were obtained at age 22 for women and
25 for men. From the age of PBM to 45 yr the
women lost 6.4% in BMD and men only 0.7%.

The rate of loss for postmenopausal women
(1%/yr) is similar to the rate of loss found at mea-
surements of the lumbar spine (16), which indicates
similarities in trabecular bone remodeling in the ver-
tebral bodies and the Calcaneus.

BMD measurement of the heel bone is as predic-
tive as BMD measured at the forearm and spine to
assess fracture risk at these sites (17). Heel BMD has
been shown to be the second best predictor of hip
fracture after hip BMD (2,18). In women with lum-
bar osteoarthritis, with falsely elevated BMD in the
spine when measured by DXA, the heel bone is a
more relevant site than the lumbar spine in the eval-
uation of skeletal status. BMD in the heel can thus be
used to assess fracture risk, with predictive power
similar to measurements made at the hip and spine
(3,19). Other studies have shown the usefulness of
peripheral measurements to identify postmenopausal
women at risk of osteoporosis (20).

This study provides a reference database for a
Swedish population for DXL Calscan. The in vivo
precision was high, and BMD measurements of the
heel bone using the DXL technology may be useful
in the evaluation of bone fragility.
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