
Fracture Status in Men Assessed by
Quantitative Ultrasound Measurements
at the Calcaneus

owadays, dual-energy x-ray absorptiometry (DXA) is the
most common method for assessment of bone status and
is considered the reference standard for bone densitome-

try. Using DXA, it is possible to measure the calcium content in the
skeleton, defined as bone mineral density (BMD). A low BMD
index is generally recognized as one of the most important fracture
risk factors.1 However, BMD measurements do have some disad-
vantages: they provide only quantitative information regarding
bone tissue, and the sizes of measured bones affect the ultimate
BMD value as displayed on a densitometer. The equipment used
for such screening procedures is relatively expensive. More re-
cently, some alternative methods of bone condition evaluation have
been introduced, including quantitative ultrasound measurements.2
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Objectives—The aim of the study was to assess fracture status in men by quantitative
ultrasound measurements at the calcaneus. The diagnostic accuracy of quantitative ul-
trasound measurements was evaluated at baseline and follow-up.

Methods—We observed 165 men (baseline age ± SD, 59.84 ± 10.6 years) recruited
from an outpatient osteoporosis clinic. The mean follow-up duration was approximately
101.3 ± 35 months. There was no difference in either age or body mass index at base-
line between the patients with a fracture history (n = 30) and the others (n = 135). The
following fractures were identified at baseline: ankle, 15; wrist, 10; rib, 9; foot, 5; and hip,
1. The speed of sound (meters per second), broadband ultrasound attenuation (deci-
bels per megahertz), and stiffness index (percent) were measured with a quantitative ul-
trasound device. The date of fracture occurrence at follow-up was defined as the final
point.

Results—In the patients with a fracture history, the ultrasound variables were signifi-
cantly lower than those in the rest of the group (P < .05). During the follow-up period,
fractures occurred in 21 patients (wrist, 11; ankle, 5; rib, 3; hip, 1; and humerus, 1), and
the ultrasound outcomes were nonsignificantly lower in the fractured men. The risk of
fracture was estimated by the Cox regression analysis. A prior fracture was the only fac-
tor that significantly (4 times) increased the risk of a subsequent fracture (hazard ratio,
4.21; 95% confidence interval, 1.81–9.86; P < .001).

Conclusions—Calcaneus ultrasound measurements can distinguish between patients
with fractures and those without. In follow-up, ultrasound measurements did not indi-
cate an increased fracture risk; a prior osteoporotic fracture was the major prognostic
factor. 

Key Words—fracture discrimination; fracture prediction; male; osteoporotic fracture;
quantitative ultrasound
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The calcaneus is the most common site of ultrasound meas-
urements for BMD assessment simply because of its easy
availability, trabecular bone abundance, and weight-bearing
resistance.3 Because of its high turnover rate, cancellous
bone shows tissue changes earlier than cortical bone. Most
previous clinical studies on the matter were performed in
women, distinguishing between the data in women with
fractures and those in the rest of the study groups.4–6 Several
prospective studies have also shown that calcaneal quanti-
tative ultrasound measurements predict osteoporotic frac-
tures in women.7–11 Nowadays, both DXA and quantitative
ultrasound play important roles in terms of bone health and
provide complementary clinical data.

The number of studies using quantitative ultrasound
measurements in men is much smaller than the number of
studies in women. In some cross-sectional studies, quanti-
tative ultrasound variables were associated with a history of
osteoporotic fractures in men,12–14 and the estimated frac-
ture risk was very close to that in women, as shown in stud-
ies performed with both sexes.15,16 In certain studies,
calcaneal quantitative ultrasound measurements were also
successfully applied in natural menopause versus surgically
induced menopause, in bronchial asthma, and in patients
with mineral disorders.17–19

Obviously, the most reliable fracture risk predictions
are provided by longitudinal studies. To the best of our
knowledge, only 4 reports from longitudinal studies of cal-
caneal quantitative ultrasound predictive measurements
have been published in the medical literature to date.10,20–

22 Recently, in a sample of men and women from the Eu-
ropean Prospective Investigation Into Cancer–Norfolk
study, who had both heel quantitative ultrasound and hip
DXA measurements, it was shown that the predictive
power of quantitative ultrasound measurements regarding
fractures in the elderly was at least comparable to that of
DXA.23 Adding quantitative ultrasound measurements to
models based on clinical risk factors and BMD values im-
proves their predictive power, suggesting that quantitative
ultrasound can become a useful clinical tool in fracture risk
assessment.24

In this study, Polish men were evaluated by calcaneal quan-
titative ultrasound. The aim of the study was to assess frac-
ture status in men. The diagnostic accuracy of quantitative
ultrasound measurements was evaluated at baseline (com-
parison of fractured and nonfractured patients) and follow-
up (comparison of fractured and nonfractured patients and
assessment of fracture risk). 

Materials and Methods

At baseline, the study included 374 men. They underwent
ultrasound measurements at the calcaneus as part of their
standard care in an outpatient osteoporotic clinic between
1993 and 2000. The patients had no disease histories (eg,
hyperparathyroidism, thyroid gland diseases, chronic liver
or kidney diseases, stomach surgery, and prolonged im-
mobilization) or medication intake (eg, corticosteroids,
thyroid hormones, anticonvulsants, and antacids) that
could have affected bone metabolism. The enrolled pa-
tients were not treated for osteoporosis either at the time
of the study or previously.

To gather data for fracture prognosis, 2 authors (R.W.
and A.W.) prospectively telephoned the baseline group to
determine the fracture status from the baseline quantitative
ultrasound measurements until the day of the call. A total
of 174 men were available by telephone, but 9 with spine
fracture were excluded, leaving a study population of 165
men. (We had no access to patient radiographs, and the
diagnosis of spine fractures was not sufficiently reliable.)
Because of the retrospective study design, we were unable
to properly evaluate physical activity, smoking, and alco-
hol and caffeine intake; thus no such information was 
included. We also did not collect information on weight
and height at follow-up. All of the fractures at baseline and
follow-up appeared to have resulted from low trauma: a fall
from standing or lower height during normal daily activity.
The clinical characteristics at baseline are presented in
Table 1.

The study received approval from the local Ethics
Committee, and informed consent was obtained from all
patients.
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Table 1. Clinical Characteristics at Baseline

Characteristic Total (n = 165) Nonfractured (n = 135) Fractured (n = 30) P

Age, y 56.3  ± 10.3 57.7 ± 10.5 60.3 ± 10.6 .218

Weight, kg 78.9 ± 11.8 81.1 ± 13.9 78.5 ± 11.0 .268

Height, m 1.71 ± 0.06 1.71 ± 0.06 1.71 ± 0.06 .852

Body mass index, kg/m2 26.6 ± 3.4 27.5 ± 4.1 26.8 ± 3.3 .283

Values are mean ± SD. P < .05 was considered statistically significant.
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Measurements 
The evaluation of the skeletal status was based on quanti-
tative ultrasound calcaneus measurements in the dominant
extremity. In cases with a lower extremity fracture history,
the opposite calcaneus was measured. The speed of sound
(meters per second) and broadband ultrasound attenua-
tion (decibels per megahertz) were measured with a Lunar
Achilles quantitative ultrasound device (GE Healthcare,
Madison, WI), which also additionally calculated the stiff-
ness index (percent).

The device was calibrated daily in accordance with the
manufacturer’s recommendations. All of the measure-
ments were done by the same operator, and their repro-
ducibility was assessed by the use of a polyurethane
phantom and on the basis of in vivo measurements. Fif-
teen phantom measurements, collected for 15 days, al-
lowed calculation of short-term in vitro coefficients of
variation: 0.12% for the speed of sound and 1.23% for
broadband ultrasound attenuation. Long-term in vitro co-
efficients of variation were obtained from 20 phantom
screening measurements over 4 years. They were 0.88%
for the speed of sound and 0.54% for broadband ultra-
sound attenuation. Short-term in vivo precision was es-
tablished from 60 measurements in 12 healthy men aged
23 to 66 years (5 in each of them). These coefficients of
variation were 2.48% for broadband ultrasound attenua-
tion and 0.33% for the speed of sound.

Statistical Analysis
Statistical analysis was performed with SPSS version 14.0.2
software (SPSS Inc, Chicago, IL) and MedCalc version
11.1.1.0 software (MedCalc, Mariakerke, Belgium). Data
are presented as mean ± SD. Comparisons of baseline
values between the patients with a fracture history and
those with no fracture history were made with a 2-sample
t test. To determine criterion values for the speed of sound,
broadband ultrasound attenuation, and the stiffness index
that distinguished patients with and without fracture his-
tories, receiver operating characteristic (ROC) curves were
generated, and the areas under the curves (AUCs) were
calculated. We defined the criterion value as the one with
the highest accuracy, ie, minimal false-negative and -posi-
tive results. Sensitivity and specificity were reported for
each criterion value.

Cox proportional hazards modeling allows analysis of
the effect of several risk factors on an outcome independent
of an event. In this study, the event was defined as an osteo-
porotic fracture. We used Cox regression to assess the im-
pact of separate predictors on the actual patients’ outcomes
independent of fractures. Variables entered into the initial

model included the baseline age, weight, height, presumptive
prior fracture, and quantitative ultrasound variables (speed
of sound, broadband ultrasound attenuation, and stiffness
index). P < .05 was considered statistically significant. 

Results 

Of the 165 patients in our study population, the mean du-
ration of follow-up was 101.3 ± 35 months. At baseline, the
mean age and body size in the patients with prior fractures
(n = 30) did not differ from those in the rest of the group
(n = 135). At baseline, the following fractures were noted:
ankle, 15; wrist, 10; rib, 9; foot, 5; and hip, 1.

A comparison of baseline quantitative ultrasound val-
ues showed significantly lower values in the men with frac-
tures (Table 2).

Figures 1–3 show ROC curves for the speed of sound,
broadband ultrasound attenuation, and the stiffness index,
respectively. A perfect screening tool that correctly classi-
fies individuals into a pathologic (fractured) or normal
(nonfractured) state would have an AUC estimate of 1.0,
whereas a tool with no apparent accuracy would have an
AUC estimate of 0.5.21 The AUCs were 0.694 for the speed
of sound (P < .0001), 0.638 for broadband ultrasound at-
tenuation (P < .01), and 0.691 for the stiffness index (P <
.001). The relevant cutoff values were as follows: 1503.6
m/s (sensitivity, 70%; specificity, 68%), 107.1 dB/MHz
(sensitivity, 56.7%; specificity, 70.4%), and 83% (sensitiv-
ity, 83.3%; specificity, 49.6%). There were no statistically
significant differences between AUCs for the speed of
sound, broadband ultrasound attenuation, and the stiffness
index.

During the follow-up period, the following fractures
occurred in 21 men (12.7%): wrist, 11; ankle, 5; rib, 3; hip,
1; and humerus, 1. Of those patients, 9 had not had any
fractures before (6.7%), and the remaining 12 fractures
were recorded in patients with fractures at baseline (40%).
During the follow-up period, age did not differ between
the fractured and nonfractured groups (58.7 ± 11.3 versus
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Table 2. Quantitative Ultrasound Results at Baseline

Nonfractured Fractured

Parameter (n = 135) (n = 30) P

Speed of sound, m/s 1525.7 ± 36.2 1502.6 ± 20.1 <.01

Broadband ultrasound 113.1 ± 11.0 107.3 ± 11.4 <.05

attenuation, dB/MHz

Stiffness index, % 83.2 ± 16.2 72.6 ± 13.9 <.01

T-score –1.57 ± 1.44 –2.32 ± 1.54 <.05

Z-score –0.33 ± 1.4 –1.23 ± 1.24 <.01

Values are mean ± SD. P < .05 was considered statistically significant.
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60.0 ± 10.5 years, respectively). The ultrasound variables
were nonsignificantly lower in the fractured men than in
the previously nonfractured men (data not shown).

Cox analysis revealed that the risk of a fracture during
follow-up was only significantly related to a fracture his-
tory (hazard ratio, 4.21; 95% confidence interval, 1.81–
9.86; P < .001).

Discussion

The most important result of this study was that a fracture
history was the only factor that significantly increased the ac-
tual fracture risk. That finding confirms several observations
that a history of osteoporotic fractures is an important risk
determinant for possible subsequent fractures.1,25

To our surprise, we also noticed certain adverse events,
an inability of quantitative ultrasound measurements to pre-
dict fractures in longitudinal observations, which stood in
contrast to the baseline comparison of quantitative ultra-
sound values in the fractured men and the others. Any frac-
ture history was the only factor that significantly increased
the fracture risk. At baseline, opposite results were obtained,
and all of the quantitative ultrasound parameters were signif-
icantly lower in men with prior fracture. At baseline, the study
showed diagnostic accuracy that was consistent with the re-
sults of other authors, confirming that quantitative ultrasound
measurements at the calcaneus discriminate fractured from
nonfractured men.12–14 The AUCs obtained in this study
were comparable to those obtained in our previous research
(0.665 for broadband ultrasound attenuation and 0.706 the
for speed of sound).12 However, they were lower than those
presented by other authors.13,14 For instance, in a group of
102 men measured by the same device, Mulleman et al13 ob-
tained AUCs of 0.69 for broadband ultrasound attenuation,
0.75 for the speed of sound, and 0.74 for the stiffness index. In
addition, the values in a study by Gonelli et al,14 performed in
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Figure 1. Receiver operating characteristic curve for the speed of sound

(solid line) with 95% confidence limits (broken lines) measured at the

baseline in patients with or without prior fracture.

Figure 2. Receiver operating characteristic curve for broadband ultra-

sound attenuation (solid line) with 95% confidence limits (broken lines)

measured at the baseline in patients with or without prior fracture.

Figure 3. Receiver operating characteristic curve for the stiffness index

(solid line) with 95% confidence limits (broken lines) measured at the

baseline in patients with or without prior fracture.
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401 men, were 0.72, 075, and 0.75, respectively, which did
not coincide with our results at all.

Longitudinal studies performed in men to date have
shown that calcaneal quantitative ultrasound measurements
are adequate for evaluating fracture risks. In our study, we
failed to confirm the utility of these measurements in pre-
dicting osteoporotic fractures.10,20–22 There are several po-
tential explanations for our results: first, exclusion of patients
with spine fractures could possibly have affected the results;
second, in the studied men, the main role was presumably
played by another risk factor (eg, falls); third, it was possible
that the telephone interviews could have been inaccurate in
some cases because of verbal misunderstandings; and, finally,
the number of fractures recorded in our study was lower than
those reported by other researchers in the same field. To il-
lustrate the discrepancy in other longitudinal studies, they re-
ported the following numbers of fractures: 33,21 50,22 and
239.20

A fracture in history is one of most important risk factors
for subsequent fractures.1,25 It appears then that one might ex-
pect that a patient with a fracture at baseline is also prone to
have another fracture during a longitudinal observation pe-
riod. The study results confirm these expectations: only 9 frac-
tures were noted in the previously nonfractured men (7%),
and the remaining 12 fractures were seen in those with frac-
tures at baseline (40%). The general incidence of fractures in
men is lower than that in women, and the numbers observed
in our study population (18% at baseline and 14.6% at follow-
up) were comparable to those of other authors.

In a prospective study, Pluijm et al10 confirmed that a
prior fracture was a determinant of a subsequent fracture (1.6
risk increase). In a prospective study performed in almost
15,000 men and women, a prior fracture increased the risk of
a subsequent fracture to 3.53, which corresponded to our re-
sult of 4.2.21 In another longitudinal study conducted in a
male population, the authors disregarded fracture histories.22

This study had several limitations: our data were col-
lected retrospectively, which may not have been as precise as
in a prospective study; most of the patients evaluated at base-
line were not available afterward; the number of fractures in-
vestigated was small; and patients with spine fractures were
excluded. We cannot certainly rule out the possibility that
spine fractures without symptoms were present in some cases
during follow-up, which obviously could not be diagnosed or
taken into consideration.

In conclusion, calcaneus ultrasound measurements can
distinguish between patients with fractures and those with-
out. During follow-up, ultrasound measurements did not in-
dicate an increased fracture risk; a prior osteoporotic fracture
was the major prognostic factor. 
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