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Abstract. The aim of this cross-sectional study was to
assess the ability of quantitative ultrasound at the
calcaneus to discriminate between fractured and unfractured men, fracture probability, and the relationship
of ultrasonic parameters to age and body size. The study
included 224 men (age range 36–86 years) with no
history of diseases or therapy affecting bone metabolism.
The subjects were divided into two groups (unfractured,
n = 148; fractured, n = 76) matched for age and body
size. Bone status was assessed by ultrasound measurements at the calcaneus. Long-term in vitro CV% values
were 0.88% for speed of sound (SOS) and 0.54% for
broadband ultrasound attenuation (BUA). In vivo CV%
values were 0.33% for SOS and 2.48% for BUA, while
sCV% values were 4.66% and 6.58%, respectively. The
following SOS/BUA values were obtained: in unfractured men, SOS = 1517.5 + 35.3 m/s and BUA =
114.0 + 13.3 dB/MHz; in fractured men, SOS = 1492.6
+ 24.6 m/s and BUA = 106.1 + 11.6 dB/MHz. The
differences were significant (p50.0001). The odds ratio
for BUA for all fractures was 1.05 (95% CI, 0.03–2.07)
and for SOS 2.13 (95% CI, 0.77–3.49). Only the agerelated decrease in SOS in unfractured men was
significant (r = 70.17, p50.05). In fractured men,
weight and body mass index (BMI) were found to
correlate significantly with BUA (r = 0.31, p = 0.007, r =
0.31, p = 0.007, respectively). The areas under receiver
operating characteristics (ROC) curves were 0.706 for
SOS and 0.665 for BUA. Ultrasound measurements at
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the calcaneus thus enable discrimination between
fractured and healthy males. Different patterns of the
relationship between age and body size in the two groups
suggest the presence of other, unknown factors affecting
bone status. Their identification requires further prospective studies.
Keywords: Age; Body size; Fracture discrimination;
Male; Osteoporotic fracture; Quantitative ultrasound

Introduction
Ultrasound measurement of the skeleton has recently
been proposed as an alternative method of evaluating
bone status [1–3]. There are several sites of ultrasonic
measurement (calcaneus, phalanges, patella, tibia, etc.),
the most common being the calcaneus because of its
high trabecular content [4]. Cancellous bone, due to its
high turnover rate, shows changes within the tissue
earlier than compact bone. The majority of previous
studies were carried out in women [5–7] and provided
data on discrimination between healthy and fractured
women [1,8,9], as well as on correlations of ultrasound
parameters with age, years since menopause [5,7,10],
height, weight and body mass index (BMI) [5,7]. There
are only a few reports in the literature of similar
measurements in men [11–14]. Moris et al. [13] used
quantitative ultrasound to discriminate between healthy
men and those with foot algodystrophy. Some data are
also available on a correlation between age and
ultrasonic parameters [11–14]. The small number of
studies in men makes every new observation an
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important contribution to our knowledge of bone status
in men. The multifactorial pathophysiology of involutional bone loss in men includes a reduction in osteoblast
function with age, hypogonadism, decreased physical
activity, negative calcium balance and secondary
hyperparathyroidism [15]. The female-to-male ratio is
about 1.5:1 for Colles’ fracture, 7:1 for vertebral fracture
and 2:1 for hip fracture [16]. Most studies of bone mass
and density in aging men have shown a gradual decline
in bone mineral content at cortical sites (3–4% loss per
decade after age 40 years) and greater rate of fall at
cancellous sites (7–12% loss per decade after ages 30–35
years). These changes are similar to but occur at a slower
rate than those in women [16].
In the current study a group of Polish men was studied
using quantitative ultrasound (QUS) measurements. The
study was undertaken to assess: (1) the ability of QUS
measurements at the calcaneus to discriminate fractured
from unfractured individuals, (2) the odds ratio for SOS
and BUA, and (3) correlations between ultrasonic
parameters and age, height, weight and BMI.

Materials and Methods
Subjects
The study included 255 men who underwent ultrasonic
measurements at the Outpatient Osteoporosis Clinic in
the years 1993–1997 and had no history of diseases
(hyperparathyroidism, thyroid gland diseases, chronic
liver or kidney diseases, stomach surgery, prolonged
immobilization, etc.) or medications (corticosteroids,
thyroid hormones, anticonvulsants, antacids, etc.) affecting bone metabolism or current treatment for osteoporosis. Two hundred and twenty-four men (age range
36–86 years) were divided into two groups matched for
age, height, weight and BMI: Group 1 consisted of 148
men without fractures and group 2 consisted of 76 men
with nontraumatic fractures. Thirty-one men were
excluded in order to obtain comparable groups. The
clinical characteristics of the population studied are
given in Table 1.
The subjects were interviewed by a physician with
regard to factors influencing bone metabolism (calcium
intake, type of job, family history of fractures). Due to
the retrospective design of the study we were unable to
assess physical activity, smoking, alcohol intake and

caffeine intake accurately, and this information is not
included. All the fractures (n = 120) were the result of
minimal trauma: a fall from standing height or less
during daily normal activity (23 spine, 23 feet, 21 ankle,
19 wrist, 17 rib, 11 clavicle, 4 hip, 2 humerus). All spine
fractures were confirmed on radiographs. The study was
approved by the local ethics committee and informed
consent was obtained.

Method
Evaluation of the skeletal status was based on ultrasound
measurements of the calcaneus at the right (dominant)
heel. In the case of a previous fracture within the lower
extremity, the contralateral calcaneus was measured. The
speed of sound (SOS, m/s) and broadband ultrasound
attenuation (BUA, dB/MHz) were measured with the
Achilles system (Lunar, Madison, WI), which was
calibrated daily in accordance with the manufacturer’s
recommendations. All measurements were done by the
same operator. Reproducibility was assessed using a
polyurethane phantom and on the basis of in vivo
measurements. Fifteen phantom measurements in 15
days enabled the calculation of short-term in vitro CV%
values: 0.12% for SOS and 1.23% for BUA. Long-term
in vitro CV% values obtained from 20 measurements of
the phantom over a period of 4 years were 0.88% for
SOS and 0.54% for BUA. Short-term in vivo precision
was established on the basis of 60 measurements, 5 in
each of 12 healthy men aged 23–66 years. The CV%
values were: BUA 2.48% and SOS 0.33%, and the
sCV% values were 6.58% and 4.66%, respectively (SCV
= CV%/4 SD/mean).

Statistical Analysis
Student’s t-test was used to compare the mean values.
The patterns of age-related SOS and BUA changes were
processed by applying different curve-fitting functions
(linear, quadratic and cubic models). All calculations
were done using the Statistica program run on an IBM
PC. Receiver operating characteristic (ROC) analysis
was performed. The age-adjusted odds ratio was
calculated using logistic regression (SPSS software).

Table 1. Clinical characteristics of the men studied

Age (years)
Weight (kg)
Height (m)
BMI (kg/m2)

Total
(n = 224)

Group 1
(n = 148)

Group 2
(n = 76)

p value
(between groups)

56.3 +10.3
78.9 +11.8
1.72+0.07
26.6 +3.4

56.2 +10.2
79.7 +11.4
1.72+0.066
26.7 +3.4

56.5 +10.6
77.2 +12.5
1.71+0.076
26.4 +3.5

NS
NS
NS
NS

Ultrasound Measurements at the Calcaneus in Men

49

Results

Table 2. The correlations and regressions between ultrasound values
and age

The following SOS/BUA values were obtained: in
unfractured men, SOS = 1517.5 + 35.3 m/s and BUA
= 114.0 + 13.3 dB/MHz; in fractured men, SOS =
1492.6 + 24.6 m/s and BUA = 106.1 + 11.6 dB/MHz.
The differences were significant (p50.0001). The odds
ratio for BUA value for all fractures was 1.05 (95% CI,
0.03–2.07) and for SOS was 2.13 (95% CI, 0.77–3.49).
Age-related changes expressed by linear regression are
shown in Table 2. Only the age-related decrease in SOS
in unfractured men was significant. These relationships
in healthy men are presented graphically in Figs 1 and 2.
There was no evidence for a quadratic or cubic agerelated decrease in SOS and BUA (data not shown).

Linear regression equation
Group 1: unfractured men
SOS .= 1551.4 7 0.60 6
BUA = 124.0 7 0.18 6
Group 2: fractured men
SOS .= 1505.7 7 0.23 6
BUA = 104.9 .+ 0.02 6

r

p value

age
age

70.17
70.14

0.033
0.09

age
age

70.10
70.02

NS
NS

Using simple linear regression, correlations between
ultrasound parameters and body size (height, weight,
BMI) were calculated. In unfractured men no significant

Fig. 1. Simple linear regression between age and SOS in healthy men.

Fig. 2. Simple linear regression between age and BUA in healthy men.
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correlations with body size were reported, while in
fractured men some weak but significant correlations
were obtained: BUA (dB/MHz) = 84.3 + 0.28 6 weight
(p = 0.007), BUA (dB/MHz) = 79.0 + 1.02 6 BMI
(p = 0.007), SOS (m/s) = 1453.8 + 1.47 6 BMI
(p = 0.07). ROC curves are presented in Figs 3 and 4.
The areas under fitted curves were 0.706 for SOS and
0.665 for BUA.

Fig. 3. ROC curve for SOS. tpf, true positive fraction; fpf, false
positive fraction.

Fig. 4. ROC curve for BUA. tpf, true positive fraction; fpf, false
positive fraction.

W. Pluskiewicz and B. Drozdzowska

Discussion
Osteoporosis in men has received much less attention
than its counterpart in women. One-seventh of all
osteoporotic vertebral compression fractures and onefourth to one-fifth of all hip fractures occur in men [15].
The lower incidence of osteoporosis in the male
population is due to higher peak bone mass, shorter
life expectancy, and the absence of a distinct menopause-equivalent with associated marked acceleration of
bone loss [15]. In contrast to the large number of studies
on changes in ultrasound parameters in women [2–10],
there are only a few reports of such measurements in
men [11–14]. In some cross-sectional studies it was
possible to discriminate between fractured and unfractured men [17–19], whereas a retrospective study by
Stewart et al. [20] failed to detect male vertebral
deformations or fractures using BUA. To our knowledge, no prospective studies on fracture discrimination
in men have been published. In our study we were able
to discriminate between healthy and fractured men by
both SOS and BUA measurements at the calcaneus. Our
odds ratio for the BUA and SOS values for all fractures
was comparable with odds ratio (1.65; 1.31–2.06)
obtained by Stegman et al. [18] in a cross-sectional
study in men, the only one previously published.
In all male studies [11–14], negative age-related
changes were observed. In the Rotterdam study agerelated decreases in SOS (r = 70.11) and BUA (r =
70.09) were noted [14], which is comparable to our
results. Our sCV% values were also very close to those
obtained in the Rotterdam study (2.48% vs 2.28% and
0.33% vs 0.45%). Moris et al. [13] reported higher rates
of decrease in SOS (r = 70.64) and BUA (r = 70.70).
In our study, decreases in ultrasound parameters in
healthy men were found to be more pronounced than
those in fractured men. This may suggest that in the
latter group the decrease occured earlier or/and peak
values of SOS and BUA were lower. As no other data on
correlations between age and ultrasound parameters in
fractured men are available in the literature, our findings
cannot be compared with results obtained elsewhere.
These results can be fully confirmed only in longitudinal
studies.
Studies in female populations have demonstrated
significant correlations between body size and ultrasound values, ranging from 0.09 to 0.51 [5,7]. In the
Rotterdam study [14] no correlations of BUA and SOS
with BMI were observed; however, in multiple regression analysis BMI revealed a negative influence on SOS
and a positive influence on BUA. In our study we
regressed SOS and BUA for height, weight and BMI. In
fractured men weak, significant correlations of weight
and BMI with BUA, and a borderline correlation of BMI
with SOS were noted. No significant correlations were
found in healthy men. The results obtained suggest the
presence of other pathophysiologic factors affecting
bone status in fractured and healthy men.
It is concluded that ultrasound measurements at the
calcaneus can discriminate between fractured and
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healthy men. Different patterns of correlation between
age and body size in the two groups suggest the presence
of some unknown factors that have an influence on bone
status. Their identification requires further prospective
studies.
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