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Purpose Rates of evaluation and treatment for osteoporosis following distal radius fragility
fractures remain low. As a subset of patients with these fractures undergo diagnostic computed
tomography (CT) scan of the wrist, utilizing bone mineral density (BMD) measurements
available with this imaging can be used to detect osteopenia or osteoporosis. This information
may consequently prompt intervention to prevent a subsequent fracture. The purpose of this
study was to determine if Hounsfield unit (HU) measurements at the wrist correlate with BMD
measurements of the hip, femoral neck, and lumbar spine and to assess the ability of these HU
measurements to detect osteoporosis of the hip.

Methods Forty-five female patients with distal radius fractures who underwent CT scan and
dual energy x-ray absorptiometry scan as part of the management of their wrist fracture were
identified. Bone mineral density measurements were made using the regional cancellous bone
HU value at the capitate and compared with values obtained by a dual energy x-ray absorp-
tiometry scan.

Results Hounsfield unit values at the capitate were significantly correlated with BMD and t
scores at the femoral neck, hip, and lumbar spine. An HU threshold of 307 in the capitate
optimized sensitivity (86%) and specificity (94%) for detecting osteoporotic patients.

Conclusions By demonstrating that capitate HU measurements from clinical CT scans are
correlated with BMD and t scores at the hip, femoral neck, and lumbar spine, our data suggest
that clinical CT scans should have a role in detecting osteopenia and osteoporosis. (J Hand Surg
Am. 2016;41(7):767e774. Copyright� 2016 by the American Society for Surgery of the Hand.
All rights reserved.)

Type of study/level of evidence Diagnostic III.
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T HE INCIDENCE OF OSTEOPOROTIC fragility fractures
is expected to increase 2- to 4-fold in the next
30 years, which will potentially place a major

burden on the health care system.1e3 Numerous efforts
have been made at the national level to focus on im-
proving the identification and evaluation of high-risk
individuals.2 A history of a fragility fracture is one of
the strongest risk factors for developing a subsequent
fracture, and a fragility fracture of the wrist is associated
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with a 5-fold increase in sustaining a vertebral fracture
and a 3-fold increase in sustaining a hip fracture in the
future.4,5 Because fragility fractures of the wrist typi-
cally occur about 15 years prior to a hip fracture, it has
been recommended that interventions be targeted to this
group.6e9

Medical management of osteoporosis following
distal radius fractures can effectively lower a patient’s
risk of developing a hip or vertebral fracture10;
bisphosphonate therapy alone has been shown to
reduce fracture risk by up to 70%.11 However, only a
fraction of patients who sustain a fragility fracture are
diagnosed with osteoporosis, and less than 10% of
those diagnosed are started on treatment.12,13 The
reason for the gap between evidence-based treatment
guidelines and treatment rates remains unclear,
although several barriers have been suggested and
explored. For one, there is often confusion regarding
which physician is responsible for treating osteopo-
rosis following a fragility fracture.12,14 Other barriers
include the cost of medication and patient trans-
portation issues.15e17 Orthopedic surgeons who treat
distal radius fractures are in a unique position to
identify patients who could benefit from osteoporosis
evaluation, and level I evidence indicates improved
rates of evaluation and treatment when this is initiated
by orthopedic surgeons.12,18 Patients with distal radius
fractures are a high-risk group that should be targeted
for screening, but as few as 2.8% of women undergo a
bone mineral density (BMD) test after sustaining a
wrist fragility fracture.6e9

Measurement of BMD using dual energy x-ray ab-
sorptiometry (DEXA) remains the gold standard for
the diagnosis of osteoporosis and is ideal for screening
secondary to its minimal radiation exposure and low
cost. The widely accepted World Health Organization
(WHO) definition of osteoporosis is based on the
DEXA t score, which is defined as the number of SDs
by which the recorded bone density differs from a
control value derived from the mean and SD of values
in a young healthy population.19 For patients who have
not undergone DEXA screening, alternative methods
for identifying those at risk may be readily available
and should be considered.

There is mounting evidence in the literature that
information about bone quality can also be ascertained
via Hounsfield unit (HU)measurements obtained from
diagnostic computed tomography (CT) scans.20,21 An
HU value is a standardized linear attenuation coeffi-
cient of tissue, based on a defined scale of 0 for water
ande1,000 for air, that represents the density of tissue.
Values are calculated from the following formula:
HU ¼ ((m e mw)/mw) � 1000, with m defined as the

linear x-ray attenuation coefficient of the selected tis-
sue and mw the attenuation coefficient of water.22,23

Hounsfield unit measurements can be calculated from
a region of interest (ROI) usingmostmodern radiology
imaging software without added costs or radiation.

Measuring HU from CT has generated accurate
estimates of BMD in the spine.20,22 In a recent study,
patients with distal radius fractures had significantly
lower HU measurements in wrist CTs than patients
without distal radius fractures,24 but to our knowledge,
the relationship between HU measurements and
DEXAscores has not yet been investigated in thewrist.
Given that the vast majority of patients fail to obtain a
DEXA scan after sustaining a fragility fracture of the
wrist, establishing HU thresholds for the diagnosis of
osteoporosis and osteopenia from wrist CT scans may
have the potential to improve rates of osteoporosis
treatment in this population.

The purpose of this study was to assess the ability of
HUmeasurements of the capitate on clinical CT scans to
detect osteoporosis or osteopenia of the hip. We chose
hip BMD as our primary outcome because hip fracture
risk prediction is determined by hip BMD,20,25 and hip
BMD ismore predictive of future fractures than spine or
peripheral BMD measures.26e30 Bone mineral density
and t scores at the femoral neck and lumbar spine were
included as secondary outcomes. We hypothesized
that HU measurements of the capitate on clinical CT
scans would correlate with BMD measurements and t
scores at the hip, femoral neck, and lumbar spine.

PATIENTS AND METHODS
Study cohort

Institutional review board approval was obtained for
this retrospective case series. Inclusion criteria were
presence of a distal radius fracture, female gender, and
a DEXA scan within 12 months of the distal radius
fracture. Nine hundred seven distal radius fractures
were identified on CT scans archived in a picture
archiving and communication system between 2005
and 2015 at our institution. Fifty-three of these 907
fractures underwent a DEXA scanwithin 12months of
the distal radius fracture. Of the 53 distal radius frac-
tures that met initial inclusion criteria, 3 were excluded
on the basis of incomplete DEXA results. The study
was limited to females because average HU measure-
ments vary based on gender.23,24 Thus, the 5 male
patients were also excluded from the study. Our final
cohort consisted of 45 female patients who had a
diagnostic CT scan documenting a distal radius frac-
ture between 2005 and 2015 and a DEXA within 12
months of that diagnosis.
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