The Clinical Use of Ultrasound
ABSTRACT
Since the introduction of dual x-ray absorptiometry (DXA) in 1987, adoption of osteoporosis testing has
steadily increased worldwide. In recent years, guidelines for testing and treatment have been published by
recognized organizations, including the World Health Organization (WHO), the National Osteoporosis
Foundation (NOF), and the International Osteoporosis Foundation (IOF). Concurrently, a growing
number of therapeutic options have become available, each of which has been shown in large-scale
international clinical trials to effectively build bone mass and to prevent fractures. The availability of
effective testing technology and therapeutic agents offers great hope in the fight against osteoporosis, a
disease that causes fractures in half of Caucasian women. Despite this great progress, however, it is
estimated that 77% of women at risk for this condition remain undiagnosed and untreated.1
While DXA is established as the gold standard for diagnosis, portable technologies such as quantitative
ultrasound (QUS) now offer low-cost options for screening a large number of people at risk for
osteoporosis. QUS does not require radiation, and can be used in a primary care, mobile, or pharmacy
setting to determine fracture risk. Those at risk can be referred for a full diagnostic work-up, including a
DXA test for diagnosis and to establish a baseline for monitoring disease progression or treatment response.
Effective utilization of screening by QUS can help address the problem of a large, untested population at
risk for osteoporotic fracture.

QUANTITATIVE ULTRASOUND AND HIP
FRACTURE RISK

U

NLIKE IMAGING ULTRASOUND, which is widely
used for such applications as fetal imaging, Quantitative
Ultrasound (QUS) assesses bone status by measuring the speed
and amount of sound transmitted through bone. QUS is typically used to measure skeletal sites with little overlying soft tissue, such as the calcaneus, or heel. “Dry” ultrasound devices,
such as the Hologic Sahara, utilize a coupling gel to provide
sound transmission, while other systems use water based “wet”
coupling technology.
Heel ultrasound has been shown in numerous large-scale studies to be highly predictive of hip fracture risk,2-6 making it a

valuable screening tool to accurately triage those in need of further assessment. In one of the largest studies of quantitative
ultrasound to date, over 7000 postmenopausal women were
evaluated by three different QUS devices and then followed to
determine hip fracture rates.6 Results from this study indicate
that heel ultrasound is a strong predictor of hip fracture risk,
with a 2.4-fold increase in hip fracture risk for every standard
deviation (T-score) decrease in Sahara ultrasound results
(Figure 1). This same study also demonstrated that ultrasound
of the heel is a significantly better predictor of fracture risk than
ultrasound of the phalanges.
A large observational study in the United States found that risk
for all fractures increased by a factor of 3.94 for patients with
Sahara T-scores less than -2.5, and by a factor of 1.82 for T-
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scores between -1 and -2.5 (Figure 2).4 These relative risks were
calculated after adjustment for age and prior fracture history.
Other peripheral devices are also available to assess fracture risk,
such as DXA and radiographic absorptiometry of the phalanges, tibia, forearm, etc. However, these devices tend to have
inferior fracture risk prediction capabilities and utilize ionizing
radiation, limiting their accessibility and broad use as screening
tools in the population at risk for osteoporosis.5-8

INTERPRETATION OF ULTRASOUND RESULTS
As new techniques for measuring bone mass and fracture risk
have been introduced into the medical community, there has
been confusion regarding the proper interpretation of the
results from different devices. Organizations such as the
International Society for Clinical Densitometry (ISCD), the
National Osteoporosis Foundation (NOF), and the World
Health Organization (WHO) have provided guidance for the
interpretation of these measurements.8-12
In 1994, the WHO published criteria to categorize populations
with osteoporosis and osteopenia (low bone mass).9 These definitions of disease severity were based upon central (spine and
hip) DXA T-score results, which report the measured bone
mineral density (BMD) in terms of the number of standard
deviations below (Figure 3) the young adult mean value.

Peripheral DXA, QUS = Screening for high-risk patients
Spine and Hip DXA = Diagnosis of osteoporosis, monitoring
of change
QUS thresholds specific to Sahara have been developed to accurately identify those at risk for fracture who should receive a
more thorough exam and diagnosis by central DXA. In a study
of 319 postmenopausal women (mean age 63 years), both hip
DXA and Sahara QUS measurements were made to assess risk
thresholds.15 Of those with a QUS T-score of –1.0 or less, 90%
had a diagnosis of osteoporosis or osteopenia by central DXA
and only 10% had normal BMD. This threshold also captured
82% of all patients with osteoporosis. Therefore, patients with
a QUS score more than one standard deviation below the
young adult mean were classified as having a high fracture risk.
Those with a QUS T-score greater than 0 were classified as lowrisk, as very few (6%) in this group were diagnosed with osteoporosis. The majority of those in the moderate risk group
(between 0 and –1) had osteopenia. Studies by other investigators have validated these thresholds to help establish proper
guidance for QUS screening.16-20 Figure 4 illustrates the risk
stratification based upon QUS T-score using a Hologic Sahara
system.
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As other technologies were introduced, there was a tendency to
apply these same diagnostic thresholds from central DXA
measurements to devices that assess other sites (“peripheral”
skeletal sites). However, with the increasing use of both central
and peripheral devices, strong evidence emerged that the WHO
diagnostic criteria did not apply to peripheral devices, such as
QUS13,14. For example, Sahara QUS and central DXA T-scores
for an individual can differ by up to 1 T-Score, a significant difference that can affect diagnosis and treatment decisions. These
differences arise not from the technology, but from the bone
density differences found in an individual patient at different
skeletal sites. Similar variability from central DXA T-scores is
seen with peripheral DXA and QUS devices.
Due to the differences in bone densitometry results from central vs. peripheral measurements, the ISCD and NOF have provided guidelines for the use of bone densitometry systems for
diagnosis versus screening.8-12 Central DXA remains the gold
standard for diagnosis, and can be effectively utilized for monitoring of serial changes in bone density. Ultrasound is valuable
in screening and identifying those at risk for fracture, but it is
not a diagnostic tool.

• In the high-risk category, Sahara QUS has a
sensitivity of 82% in identifying those with
steoporosis by central DXA.
• 90% of those in the high-risk category were identified as
either osteoporotic or osteopenic by central DXA
• Only 6% of patients in the low risk category had a
diagnosis of osteoporosis by central DXA

SAHARA AS A SCREENING TOOL
The medical community has routinely used low-level screening
tests to target those in need of a more detailed assessment. For
example, mammography and breast exams are accepted methods to screen for potential signs of breast cancer, but these evaluations are not used to make a diagnosis regarding tumor
malignancy. Blood pressure measurement is another routine
test, conducted using a stethoscope and blood pressure cuff.
Because high blood pressure can be a sign of heart or kidney
disease, additional follow-up is often required to make a proper diagnosis.

Sahara screening provides valuable information for healthcare
providers and patients to determine if a more detailed osteoporosis assessment is warranted. Because no radiation is used,
Sahara can be used in almost any setting, making it a practical
and accurate way to screen the large population of individuals
at risk for osteoporosis. The figure below shows the value of
Sahara in identifying postmenopausal women who are in need
of follow-up DXA testing and clinical evaluation. It is important to note that proper diagnosis includes not only DXA, but
also an assessment of other risk factors such as age, the presence
of existing fractures, and family history of fracture. Such a thorough diagnostic assessment is necessary to provide the best
individual therapy for the prevention or treatment of osteoporosis.

– 82% of patients with osteoporosis (defined by central
DXA) are included in this group (Sensitivity = 82%)
• Moderate-to-high fracture risk (Sahara T-score <0): 80% of
postmenopausal women have a Sahara T-score less than 0.
– 85% in this group have osteoporosis or osteopenia based
upon subsequent DXA diagnosis
• Low fracture risk (Sahara T-score > 0): 20% of postmenopausal women have a T-score more than 0.
– 6% of this group have osteoporosis based upon subsequent
DXA diagnosis
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Access to testing is a major challenge in the battle against osteoporosis. Despite the proliferation of central DXA testing equipment, many postmenopausal women are not tested. Even with
the availability of therapies that significantly reduce fracture
risk, only 23% of women at risk for osteoporosis are diagnosed
and less than half of those diagnosed are treated.1 The Sahara
system provides a portable, radiation free technique for identifying those at high risk. The test can be conducted almost anywhere, such as a primary care office, a mobile testing van, a
pharmacy, or a health fair. With Sahara, the procedure takes
only 10 seconds and no water bath is required, so that the setup time between exams is negligible. Those at high risk can
then be counseled and referred for a full DXA examination.
The consequences of this under-recognized condition are
apparent, given that one out of two women over the age of 50
will suffer an osteoporosis-related fracture in their lifetime.22
Early recognition and intervention are important, especially for
postmenopausal women, who lose on average 20% of their
bone mass in the first five to seven years following menopause.22
Therefore, the use of ultrasound as a screening tool has great
promise as simple, economical method to address the large
undiagnosed and untreated population at risk for osteoporotic
fracture.

Figure 5
• Roughly one-half of all postmenopausal women tested by
Sahara have a high risk for fracture and should be referred
for DXA testing.
• This result is consistent with data from the National
Institutes of Health (NIH) indicating that 55% of women
over the age of 50 have low bone mass or osteoporosis.21
Risk assessment based on Sahara T-scores can be accomplished
utilizing the flow-chart (Figure 5). The number of patients is
given in each subgroup, indicating excellent sensitivity (82%)
for the T=-1 threshold, and excellent specificity (94%) for the
T=0 threshold.
• High fracture risk (Sahara T-score <-1): 54% of postmenopausal women have a Sahara T-score less than –1.0.
– 90% in this group are osteoporotic or osteopenic based
upon subsequent DXA diagnosis

BENEFITS OF SAHARA FOR SCREENING
Sahara provides a low-cost, reliable method to identify those in
need of more detailed diagnostic evaluation.
• Sahara is highly predictive of hip fracture.
• The system is portable and radiation free, so the test can be
conducted anywhere
• There is no need for an x-ray technician, and x-ray regulations
to not apply
• With Sahara’s dry technology, the procedure is fast (10 sec)
with little set-up required between tests
• Sahara filters out those at low risk for fracture and identifies
those in need of additional testing
• Sahara provides a manageable way to address the large undiagnosed and untreated population at risk for osteoporotic
fracture.
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