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Association of quantitative heel ultrasound with history of osteoporotic
fractures in elderly men: The ESOPO study
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Abstract In order to evaluate the usefulness of calcaneal
quantitative ultrasound (QUS) in the assessment of male
osteoporosis, a cross-sectional, population-based study
was performed. A cohort of 4,832 men, randomly se-
lected, community-dwelling, aged 60-80 years and rep-
resentative of the general older male Italian population
was recruited. QUS measurements were assessed in 83
centers distributed all over Italy and equipped with an
Achilles device (GE-Lunar, Madison, Wisconsin, USA).
All participants were administered a questionnaire cov-
ering lifestyle variables and medical history. Low-energy
fractures that had occurred since age 50 were recorded.
Overall, 43 subjects reported a previous hip fracture and
455 subjects reported other non-spinal fractures.
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Univariate analysis showed that fractured subjects were
older, with a lower level of outdoor physical activity and
a more frequent history of prolonged bedridden periods
in comparison with unfractured subjects. Men reporting
non-spinal fractures showed a higher prevalence of
smoking, while no difference was found among groups
in anthropometric measures and calcium intake. QUS
measurements showed that all QUS parameters were
significantly lower in both fracture groups (p <0.001).
Multiple logistic regression analysis demonstrated that
each SD reduction in QUS measures was associated with
an approximate doubling of the risk for hip fracture,
independent of age and other clinical variables (broad-
band ultrasound attenuation [BUA]: odds ratio
[OR]=2.24; 95% confidence interval [CI] 1.61-3.08;
stiffness index: OR =2.19; CI 1.56-3.11; speed of sound
[SOS]: OR=1.71; CI 1.18-3.24) and with an increase of
the risk of other non-spinal fractures (BUA: 1.38; CI
1.22-1.59; stiffness index: OR=1.27; CI 1.17-1.38; SOS:
OR =1.14; CI 0.96-1.40). It can be concluded that cal-
caneal QUS measurement is associated with the risk for
hip fracture and any non-spinal fractures among a
community-dwelling cohort of elderly men. The strength
of the association between QUS measurement and
fracture is similar to that observed in elderly women.
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Introduction

Osteoporotic fractures and mainly hip fractures are
widely recognized as common and important causes of
morbidity and mortality in the elderly [1]. There is
uncertainty about the real prevalence of osteoporosis
(OP) in men, but it has been estimated that about one-
third of all fractures occur in men [2, 3], and more than
25% of the health expenditure attributable to
osteoporotic fractures is recognized to be spent on
treatment of males [4]. With the rise in the worldwide
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fracture incidence expected in the next years due to the
progressive aging of the world’s male population [5] and
the increasing awareness of male OP, a greater demand
for reliable tools for identification of high-risk subjects is
expected. Bone mineral density (BMD) measurement by
DXA has been shown to be a good predictor for fracture
risk in men [6, 7], but cheaper and more available
technologies need to be developed.

In this setting, quantitative ultrasound (QUS) bone
measurement seems to be able to meet the increasing
demand for bone densitometry services. In recent years
large prospective studies have demonstrated that QUS
measurement can predict osteoporotic fractures in
postmenopausal women as well as DXA measurements
can [8, 9], but only sparse data are available for men. A
few case-controlled studies showed that QUS discrimi-
nates between fractured and unfractured men [10, 11]
and a prospective study based on a small sample of
institutionalized people reported that QUS predicts the
risk for fracture in elderly men [12]. Recently, Khaw
et al. [13] have reported that QUS of the heel has the
same predictive power of hip fracture in men as in wo-
men. Despite the limited number of events, this is the
first prospective study on the value of QUS measure-
ment in predicting hip fracture in men. Adami et al. [14]
have recently showed in a wide population sample that
risk factors usually associated with low BMD as mea-
sured by DXA are also associated with calcaneal bone
stiffness as measured by QUS, and most risk factors
usually observed in women are equally able to influence
QUS measurement in men. These results have been
achieved by a multicenter population-based study
named ESOPO (Epidemiological Study On the Preva-
lence of Osteoporosis). ESOPO recruited a large cohort
of randomly selected older community-dwelling women
and men representative of the general Italian popula-
tion.

Based on the same sample, the purpose of this study
was to assess whether ultrasonographic measurement of
the os calcis is associated with the risk of fracture in
elderly men.

Materials and methods
Study population and instruments

In Italy all individuals are registered with a local general
practitioner as part of the National Health Service.
From these healthcare lists a random selection of 8,742
men aged 60-80 years was made. The relative distribu-
tion of selected subjects with respect to age and geo-
graphical location closely resembled the general Italian
population. These subjects were asked to participate
through 1,532 general practitioners involved in the
study, and referred to 83 health centers distributed all
over Italy equipped with an Achilles apparatus (GE-
Lunar, Madison, Wisconsin, USA). As unique selection
criteria, the study recruited non-institutionalized, com-

munity-dwelling, independently mobile elderly men,
without severe cognitive impairment as judged by their
primary-care physician. Of the whole sample, 4,981 men
(57%) agreed to undergo QUS evaluation, without sig-
nificant differences among northern, central and south-
ern Italy, but with a relative attendance rate slightly
higher for younger men. After correction of the original
selected population for compliance rate and exclusion of
subjects who were per-protocol deleted because of an
incomplete drawing up of the questionnaire, data were
collected from 4,832 men (median age 67.4 years).
Among these, 3,223 subjects were aged 60—69 years and
1,609 were older than 70 years.

After obtaining informed consent, all subjects com-
pleted a self-administered questionnaire described in
detail elsewhere [14] and covering lifestyle variables
thought to be predictors of bone mass. Information was
gathered on the following: smoking habits, consumption
of alcohol, physical activity defined as the usual daily
time spent outside walking (more than 30 min), calcium
intake using as indicator the mean daily consumption of
dairy products, and a history of being bedridden for
more than 2 months. Finally, subjects were asked about
their medical and drug-use history. Detailed information
was also retrieved regarding fracture incidence since age
50 years. At the time of QUS measurement, the subjects
were interviewed by a physician with regard to circum-
stances related to fractures. Fractures caused by severe
trauma such as a traffic accident or a fall from a height
or a staircase as well as all fractures of skull, face, finger,
toe and vertebrae were excluded, and only low-trauma
fractures (fall from a standing height or less) were con-
sidered. All reported hip fractures and 82% of other
fractures were verified with the general practitioner by
phone. The recruitment and QUS measurements were
completed in 4 months, from March to June 2000.

Measurements

At the time of QUS measurement, height (measured by a
stationary stadiometer) and weight (measured by a bal-
ance scale) were obtained from all subjects. QUS
assessments were carried out with the Achilles device.
All centers participating in the study were given a new
instrument, and all instruments were calibrated and
tested centrally before delivery. Before beginning the
study, a protocol to standardize the methodology of the
measurement was sent to each participating center. All
instruments were calibrated daily in accordance with the
manufacturer’s recommendations and in each center all
measurements were done by the same operator. QUS
measurements were performed at the right os calcis. In
the case of a previous fracture within the right lower
extremity, the contralateral calcaneus was measured.
The broadband ultrasound attenuation (BUA) and
speed of sound (SOS) were measured. The stiffness index
(SI), a composite parameter obtained by a mathematical
combination of BUA and SOS, was calculated by the



software of the device and expressed as a percentage of
young normal values. Compliance with the measure-
ment procedures was regularly checked by ten coordi-
nating centers that provided assistance to the local
centers. The coefficients of variation were assessed in
each center by a delegate of the coordinating centers and
calculated from three cohort members scanned five times
on the same day. The mean coefficients of variation were
2.1% for BUA (range, 1.4-2.6%), 0.3% for SOS (0.1-
0.5%) and 1.8% for SI (1.2-2.1%).

Statistical analysis

After checking for normality of the distribution (Shap-
iro-Wilks test), parametric tests were applied to perform
comparisons between fractured and unfractured sub-
jects. Student’s ¢ -test for unpaired data was used for
continuous variables and chi-square test for categorical
variables. To assess the association of QUS parameters
with fracture risk, multiple logistic regression analyses
were performed. In the first analysis the crude relative
risk of hip fracture and all other non-spinal fractures
was calculated for a 1 standard deviation decrease in
BUA, SOS and SI. We then adjusted for age and other
clinical variables that were significantly associated with
QUS measures at the level of <0.05, such as weight,
calcium intake, current smoking, regular walking out-
side, and a history of being bedridden. Results are pre-
sented as the odds ratios (OR) and 95% confidence
intervals (CI) for hip fracture and other non-spinal
fractures. SAS statistical software was used for the
analyses.

Results

Data on the fracture groups and unfractured subjects
are shown in Table 1. Among our sample, 498 men
(10.3%) had sustained at least one low-trauma fracture
and among these subjects 43 men reported a previous
hip fracture. Subjects with previous low-energy fractures
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referred 552 fractures. Because vertebral fractures were
excluded by design, fractures were mainly appendicular.
A slightly higher prevalence of fractures of the upper
extremity (41.9%) was found with 168 (30.4%) wrist
fractures, 29 (5.2%) fractures of the proximal humerus,
and 35 (6.3%) other upper extremity fractures. Overall,
fractures of the lower extremity were 208 (37.7%). Be-
sides hip fractures (7.8%), 165 fractures (29.9%) con-
cerned the femur, tibia, ankle and foot. Rib fractures
were 59 (10.7%), and pelvic and clavicle fractures were
53 (9.6%). Twenty-two men aged 60—69 years reported
hip fractures and 254 reported other non-spinal frac-
tures. Among subjects older than 70 years, 21 reported a
previous hip fracture and 201 subjects reported other
non-spinal fractures.

When compared with unfractured subjects, both men
with hip fracture and those with other non-spinal frac-
tures were significantly older (respectively, p <0.05 and
p <0.001), whereas, no difference in anthropometric
measures was found, and chronic disease prevalence
rates did not show any significant difference between
groups. By comparison with the unfractured group, a
greater prevalence of a history of prolonged bedridden
periods (unrelated to fracture) was found both in sub-
jects with a previous hip fracture (p <0.001) and men
with other non-spinal fractures (p <0.001).

Regarding health practice variables, the prevalence of
current smoking was higher in men with non-spinal
fractures (p <0.05), whereas, no difference was found in
mean dairy calcium intake and daily intake of alcohol
among groups. Significant differences were seen for
regular walking outside. Thus, the proportion of men
reporting daily walking outside greater than 30 min was
higher in unfractured men in comparison with subjects
with hip fracture (p <0.001) and men with other pre-
vious non-spinal fractures (p <0.01). Finally, all QUS
parameters showed significantly lower values in both
fractured groups (p <0.001) compared with unfractured
subjects.

In Table 2 are shown the odds ratios for hip fracture
and all non-spinal fractures. After adjustment for age and
other clinical variables such as weight, dairy calcium in-

Table 1 Demographic, health
characteristics and values of
quantitative ultrasound (QUS)

No fracture Hip fracture Other non-spinal fractures

parameters of study population

(4,832 men) (BUA broadband
ultrasound attenuation, SOS
speed of sound)

*p <0.05

p <0.01

tp <0.001 vs unfractured group
(Student’s ¢ -test or chi-square
test)

(n =4,334) (n =43) (n =455)
Age 67.3+5.4 69.1+6.0% 68.44 5.6
Weight (Kg) 773+11.9 74.6+£10.6 77.0+£12.2
Height (cm) 168.5+7.7 168.8+6.3 168.1+7.2
BMI 27.3+4.38 26.1+4.1 27.3+4.4
Current smoking (%) 807 (18.6) 8 (18.6) 104 (22.8)*
Dairy calcium intake (mg/day) 251 +£148 228 £130 249+ 150
Usual alcohol consumers (%) 3,207 (74.0) 36 (83.7) 338 (74.3)
Alcohol intake (ml/day) 20.0+30.7 25.3+39.2 23.6+32.5
Chronic diseases (%) 1,972 (45.5) 24 (55.8), 218 (47.9
Bedridden >2 months (%) 321 (7.4) 14 (32.5) 64 (14.1)
Regular walking outside (%) 3,517 (81.1) 25 (58.1)* 340 (74.7)
BUA (dB/MHz) 116+10.2 104 £ 12.0 110+ 10.8*
Stiffness index 88.7+17.8 74.8 4 19.8 84.2+17.8*
SOS (m/s) 1,506 + 30 1,504 + 34 1,523 +29*
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Table 2 Multiple logistic regression analyses for hip fracture risk and other non-spinal fractures risk for a 1 standard deviation decrease in
QUS measurements (BUA broadband ultrasound attenuation, CI confidence interval, OR odds ratio,QUS quantitative ultrasound, SOS

speed of sound)

Hip fracture (n=43)

Other non-spinal fractures

(n=455)
OR 95% CI OR 95% CI
BUA Unadjusted 2.38 1.59-3.48 1.55 1.28-1.79
Adjusted* 2.24 1.61-3.08 1.38 1.22-1.59
Stiffness Index Unadjusted 2.27 1.55-3.51 1.33 1.12-1.53
Adjusted* 2.19 1.56-3.11 1.27 1.17-1.38
SOS Unadjusted 1.99 1.30-3.54 1.32 1.08-1.75
Adjusted* 1.71 1.18-3.24 1.14 0.96-1.40

*Adjusted for age, weight, calcium intake, current smoking, regular walking outside, bedridden periods >2 months

take, current smoking, regular walking outside, and a
history of bedridden periods, a decrease of 1 SD in BUA
was associated with an increased risk of hip fracture as
great as 2.24 (95% CI 1.61-3.08) and a 38% increase in
the risk for other non-spinal fractures (OR =1.38;95% CI
1.22-1.59). A decrease of 1 SD in calcaneal SI increased
the risk of hip fracture by 2.19 (95% CI: 1.56-3.11), and
the risk of non-spinal fractures by 1.27 (95% CI: 1.17—
1.38). The association between SOS and fracture risk was
slightly weaker: each 1 SD decrease was associated with a
71% increase in the risk for hip fracture (OR=1.71; 95%
CI 1.18-3.24) and a 14% increase of other non-spinal
fractures (OR=1.14; 95% CI 0.96-1.40).

After splitting the sample according to decade, no
relevant difference was found in odd ratio values be-
tween men younger and older than 70 years (data not
shown). Instead, by considering the type of fracture di-
vided into upper or lower extremity fractures, a slightly
stronger association of QUS parameters with fractures
of the lower extremity was observed: after adjusting for
age and other clinical variables, the fracture risk esti-
mates for the lower extremity in comparison with the
upper extremity were 2.06 (1.54-2.71) vs 1.51 (1.18-2.04)
for BUA; 1.90 (1.42-2.66) vs 1.35 (1.14-1.98) for SI; and
1.52 (1.06-2.04) vs 1.24 (0.92-1.61) for SOS.

Discussion

In this study we found that lower values of QUS
parameters are associated with previous hip fracture and
other non-spinal fractures among a population of com-
munity-dwelling elderly men. These results sustain the
value of QUS measurement in assessing the risk of fra-
gility fractures. Unlike most previous cross-sectional
studies on male OP assessed by QUS, participants were
not selected on the basis of the presence of fractures or
already diagnosed as having OP, and they were not
institutionalized. We recruited a large sample of unse-
lected population living at home that closely resembles
the general Italian male population aged 60-80 years.
The two-fold increase in the relative risk of hip fracture
for each 1 SD reduction in QUS measures is similar to

what has been reported in other QUS case-control
studies on males [10, 11] and in prospective studies on
older females [8, 9]. The weaker relationship between the
reduction in QUS parameters and the risk of other non-
spinal fractures as compared with hip fracture is con-
sistent with other studies. It is likely that these fractures
are more closely associated with other variables that can
independently influence the risk of appendicular frac-
tures such as propensity to fall, frailty, visual acuity and
response to falling [15]. In this regard can be viewed the
stronger associations observed with fractures of
the lower extremity in comparison with fractures of the
upper extremity.

Adami et al. [14] have recently reported on the same
population of this study that many of the risk factors
associated with OP such as age, weight, calcium intake,
smoking and physical activity are able to affect SI values
assessed by QUS not only in women but also in men.
Most of these factors are also associated with fracture
risk and this may allow designing a ‘“‘case finding”
strategy, where clinical risk factors in conjunction with
QUS measurement could be used to accurately predict
the individual risk for fracture.

In agreement with the results of other cross-sectional
studies on male OP [11, 16], patients with hip fracture
showed higher values of QUS parameters in comparison
with female samples with similar age and previous hip
fractures [17, 18]. This result could be consistent with
similar observations made in studies that examined BMD
measured by DXA in fractured men and women. Despite
an average higher BMD in fractured men than women
[19], retrospective and prospective studies showed that
fracture risk increases as BMD decreases in men in the
same way as in women and, for any given BMD, the
estimates of hip fracture risk are similar between sexes [7,
20]. As for BMD, differences of QUS values between
fractured men and women could be related to a different
distribution of QUS measures within the population with
SD values of QUS parameters that differ between sexes.
An alternative hypothesis would be that QUS measure-
ment captures differences in microarchitectural changes
between osteoporotic men and women [21, 22] or vari-
ables related to bone size or geometry [23].



This study has some strengths and weakness. The
sample size and selection criteria with respect to the
representativeness of the general population aged 60—
80 years probably allow us to generalize these results to
the whole Italian male population. The most obvious
limitations of the study are related to its cross-sectional
nature. Unlike longitudinal studies, cross-sectional data
permit only limited interpretation of to what extent QUS
measurement really predicts the risk of fracture. For
example, it remains uncertain whether the collected QUS
data reflect pre-fracture values, since fractures per se
may have contributed to changes in bone structure due
to immobilization or change in gait. Furthermore, even
if this study was based on a large and unselected sample,
we cannot exclude that results may be biased from co-
hort effects or survivor bias.

It has been recently reported in a prospective study
that QUS measurement is as effective as DXA scan for
assessing fracture risk [13]. Thus QUS bone evaluation
for its low cost can be considered a suitable answer to
face the expected increasing number of male patients
attending OP clinics and seeking advice for prevention
or therapy of their bone disease.

In conclusion, this study has provided evidence that
QUS measurement is associated with the risk for hip
fracture and any non-spinal fractures among a com-
munity-dwelling cohort of elderly men. The magnitude
of odds ratios and the width of the confidence intervals
suggest that the strength of this association is similar in
men and postmenopausal women. Consistent with these
findings, QUS measurement could be considered a
suitable tool for identification of elderly men with a high
risk of osteoporotic fractures and candidates for thera-
peutic intervention.
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