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Abstract
Summary Opportunistic osteoporosis screening using abdominal CT scans obtained for other purposes has the potential to
increase detection of those at increased risk for fragility fractures. We sought to combine the tasks of density measurement
and vertebral fracture assessment on the sagittal view. We
confirm that this represents a robust approach and recommend
its implementation in clinical practice.
Introduction Opportunistic osteoporosis screening at routine abdominal CT has been proposed by measuring axial (transverse)
L1 trabecular attenuation and by sagittal reconstruction for vertebral fracture assessment. We sought to combine this dual evaluation on the sagittal reconstruction alone to improve efficiency.
Methods Routine contrast-enhanced abdominal CT scans performed for any indication on 571 consecutive adults age
60 years or older (mean age 70.7 years) were retrospectively
analyzed. These were performed at a single center over a 3month period. L1 trabecular attenuation was measured using
an ovoid region-of-interest on both the transverse and sagittal
series. The sagittal reconstruction was also analyzed for
moderate-to-severe vertebral compression fractures using the
Genant visual semi-quantitative method. Likely osteoporosis
was defined by a moderate-to-severe fracture and/or sagittal
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L1 trabecular attenuation of ≤110 Hounsfield units (HU) (previously found to be >90 % specific for osteoporosis on our
calibrated GE CT scanners at 120 kVp). Correlation was made
with hip and spine dual X-ray absorptiometry (DXA).
Results Mean absolute difference in L1 trabecular attenuation
between transverse and sagittal reconstructions was 6.7 HU
(±5.7) or 6.2 %. The transverse and sagittal HU measurements
were in agreement (i.e., both measurements above or below
this threshold) in 94.5 % of cases at the 110-HU cutoff. A total
of 243 (42.3 %) patients had likely osteoporosis by CT criteria,
of which only 48 (19.8 %) had previous DXA screening.
Conclusion Assessment of the sagittal view alone at routine
abdominal CT for both vertebral fractures and trabecular bone
mineral density provides a rapid and effective opportunistic
screen for detecting individuals at increased risk for fragility
fractures.
Keywords BMD . DXA . Opportunistic CT . Osteoporosis .
Screening

Introduction
Osteoporosis is a common disease, particularly in postmenopausal women [1–3]. In the USA, osteoporosis affects more
than 50 million Americans [4] and confers a high fracture risk
during a person’s lifetime [3]. Osteoporosis-related fractures
affect quality and quantity of life. Indeed, hip fractures in particular are associated with high mortality [5, 6], especially in
men [7]. Despite the significant increase in fracture risk and the
health implications they carry, osteoporosis remains substantially underdiagnosed and undertreated worldwide [8–10]. There is
a need for additional safe and cost-effective screening methods.
There is evidence that existing methods such as dual X-ray
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absorptiometry (DXA) and quantitative computed tomography
(QCT) are currently underutilized in clinical practice [4].
Recently, we have shown that CT-derived opportunistic
screening for osteoporosis using abdominal CT scans obtained
for indications other than osteoporosis can effectively detect
low bone mineral density [11–13]. This method uses a simple
region-of-interest (ROI) attenuation measurement in the trabecular bone of the L1 vertebra. Because existing CT data are
utilized, this opportunistic method can be employed retrospectively and allows for identification of patients potentially at
high fracture risk. With over 80 million CT scans performed
per year in the USA, this presents a unique opportunity for
performing initial osteoporosis screening that does not expose
the patient to additional radiation, time, or cost. [14] However,
at this point, we have only used the transverse (axial) CT
images for the trabecular ROI measurements.
The sagittal reconstructions from an abdominal CT study
have been shown to be a valuable tool for identifying vertebral
compression fractures that may otherwise be missed if only the
axial plane is evaluated [15]. By integrating our simple ROI
trabecular measurement onto the sagittal plane, osteoporosis
screening can be seamlessly integrated with vertebral fracture
assessment, increasing overall efficiency. The purpose of this
study was to determine if L1 trabecular bone attenuation measurements on the sagittal reconstructions match well with the
axial measurements that are already validated.

Materials and methods
Patient cohort
The University of Wisconsin Health Sciences Institutional
Review Board approved this Health Insurance Portability and
Accountability Act (HIPAA) compliant retrospective study. The
need for obtaining signed informed consent was waived for this
retrospective analysis. The main inclusion criteria consisted of
adults aged 60 and older who underwent contrast-enhanced CT
of the abdomen/pelvis for any indication at our institution over a
3-month time period ending in April 2014. A total of 571 patients met these criteria and were included in the final study
cohort (283 men and 288 women, mean age 70.7 years, age
range 60–99 years, interquartile range 64–76 years).
Computed tomography
Routine abdominopelvic CT was done using 16–64 row
multi-detector CT scanners (GE Healthcare). All scanners
are calibrated daily to ensure accuracy of CT attenuation numbers, which correlate well with underlying bone mineral density (BMD) [11]. Transverse (axial) images were acquired
with thin collimation at 120 kVp and reconstructed with 5mm thickness at 3-mm intervals using a standard soft tissue
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algorithm. Coronal and sagittal reconstructions are routinely
obtained with 5-mm thickness at 2.5-mm intervals. The axial
and sagittal CT series were retrospectively assessed on a standard radiology picture archiving and communication system
(PACS) workstation. Soft tissue and bone windows were used
to view the images, which do not influence attenuation or BMD
values [12]. Mean CT attenuation was assessed by the primary
reader (S.J.L.) placing a single click-and-drag ROI in the anterior trabecular bone space of the L1 vertebral body, as previously described [11, 12] and as shown in Fig. 1. This process
was sequentially performed in the axial plane for all patients,
followed by the sagittal plane for comparison. Measurements in
the sagittal plane were done without knowledge of attenuation
values measured in the axial plane to minimize confirmation
bias. We avoided placing the ROI over areas of attenuation
heterogeneity, such as the posterior venous plexus, spinal hemangiomas, spinal hardware, and compression fractures in order
to avoid distortion of attenuation measurements. Attenuation
differences between the two views were reported as absolute
Hounsfield unit (HU) values to maximize true measurement
difference and avoid simple cancellation effects.
Multi-detector CT represents an ideal non-invasive in vivo
method for detection of relevant vertebral fractures, given its
cross-sectional/multi-planar nature and level of bone detail.
Vertebral compression fracture presence was evaluated using
the Genant visual semi-quantitative method [16]; only
moderate-to-severe vertebral fractures of the lumbar and lower
thoracic spine (i.e., grades 2 or 3 corresponding to at least
25 % height loss) were recorded [11, 12]. This was done by
the primary reader (S.J.L.) while viewing the CT images in the
sagittal. Experienced radiologists (10 and 15 years, respectively) confirmed the presence of all moderate-to-severe compression fractures. Likely osteoporosis at CT was defined in this
study by a mean L1 trabecular bone attenuation value of
≤110 HU in either the sagittal or axial plane or by the presence
of a moderate-to-severe compression fracture. This HU
threshold value was based on previous work on our calibrated
GE CT scanners at 120 kVp, where an L1 attenuation threshold value of ≤110 HU was found to be 90 % specific for
diagnosing osteoporosis according to standard DXA (but only
about 50 % sensitive), and a threshold of ≤160 HU was found
to be 90 % sensitive (but only about 50 % specific) at DXA
[11]. These L1 HU measurements at CT are only intended for
opportunistic detection of probable low BMD, which should
be confirmed by DXA and considered in addition to other
clinical fracture risk factors prior to any treatment decisions.
As such, the reproducibility and variance of the CT measurement is not as relevant as is the case for DXA.
Dual energy X-ray absorptiometry
Ninety one of the 571 patients in this study had DXA of the
proximal femora and lumbar spine performed within 4 years
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Fig. 1 Axial and sagittal L1
trabecular attenuation
measurement at abdominal CT in
64-year-old man. Axial (a, b) and
sagittal (c, d) CT images in soft
tissue (a, d) and bone (c, d) windows show ROI placement in the
anterior trabecular space of L1. In
addition to low BMD (83 HU
axial, 85 HU sagittal) that is likely
compatible with osteoporosis,
moderate compression fractures
are present at T12 and L4
(arrows), indicative of complicated osteoporosis. In retrospect, the
patient had a similar L1 attenuation (85 HU sagittal) compatible
with osteoporosis at CT 3 years
earlier (e) but without complicating fracture

prior to the CT scan used for BMD measurements. DXA was
performed using standard techniques on Lunar Prodigy densitometers (GE Healthcare, Waukesha, WI, USA).

Results
The mean (±standard deviation) axial and sagittal attenuation
values for the entire sample were 126.1±45.8 and 122.5±
45.9 HU, respectively. The median axial L1 attenuation was
122.1 HU (interquartile range 97.0–150.5) and the median
sagittal L1 attenuation was 118 HU (interquartile range
95.0–146.0) (Fig. 2). The mean of the absolute difference
between each patient’s axial and sagittal L1 trabecular attenuation measurement was 6.7±5.8 HU, and the mean absolute
percentage difference was 6.2±11.3 %. A paired t test of the
axial and sagittal attenuation values showed that axial measurements were significantly greater than sagittal measurement, with a mean difference of 3.6 HU (p<0.01, 95 % CI=
2.9–4.2). A Bland-Altman plot did not reveal any significant
dependence or bias of these attenuation differences on the
average attenuation (Fig. 3).
Of the 571 patients, 235 (41 %) had a sagittal attenuation
value of ≤110 HU (corresponding to 90 % or greater specificity for a CT diagnosis of osteoporosis based on prior DXA
correlation). Axial and sagittal measurements agreed on a CT-

based HU diagnosis or exclusion of osteoporosis (i.e., both
measurements of ≤110 HU or both measurements of
>110 HU) in 94.5 % of the cases (540 of 571) at this 90 %
specificity threshold. Axial and sagittal measurements were in
agreement 96.7 % of the time (552 of 571) at the 160 HU
threshold (the 90 % sensitivity threshold for DXA correlation). Of the 243 patients with a sagittal L1 attenuation of
≤110 HU, 48 (20.4 %) had undergone DXA screening within
4 years prior to the CT scan data used for this study.

Fig. 2 Box-and-whisker plot comparing the distribution of axial and
sagittal L1 trabecular attenuation measurements. The notch displays a
confidence interval around the median ±1.57*IQR/√n
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Fig. 3 Bland-Altman plot of L1 axial and L1 sagittal trabecular
attenuation shows good correlation between the two measurement
methods without any systematic bias

The average age of women in the cohort was 70.6 ±
8.1 years. Women had mean L1 axial and sagittal attenuation
values of 125.4±44.8 and 122.1±45.0 HU, respectively. The
mean absolute difference between axial and sagittal L1 attenuation measurements was 6.4±5.5 HU. Of the 283 women in
the cohort, 127 (44.9 %) had an L1 sagittal attenuation value
of ≤110 HU and/or had a moderate-to-severe vertebral compression fracture. Only 35 of these 127 women (27.6 %) had
undergone a DXA study within 4 years prior to the CT scan
used for this study. The average age of men in our patient
cohort was 70.5±8.1 years. Men had mean L1 axial and sagittal attenuation values of 126.8±46.9 and 122.9±46.8 HU,
respectively. The mean absolute difference between axial and
sagittal measurements for men was 7.0±6.1 HU. Of the 288
men in the cohort, 116 (40.2 %) of them had an L1 sagittal
attenuation value of ≤110 HU and/or had a moderate-to-severe
vertebral compression fracture. Of these 116 patients, 13
(11.5 %) had undergone a DXA study within 4 years prior
to the CT scan used for this study.
A total of 27 patients had at least one moderate-to-severe
vertebral compression fracture present at the time of the CT
scan used for this study (13 men, 14 women). The average age
of these patients was 73.8±11.1 years, and the average L1
axial and sagittal attenuation values were 87.2±47.2 and
85.5 ± 46.4 HU, respectively. Of these 27 patients, 7
(25.9 %) had undergone a DXA study 4 years prior to the
CT scan date used for this study. Of these 7 patients, only 1
was diagnosed with osteoporosis defined by DXA (T-score
≤−2.5 for either femoral neck or L1-L4 average).

Discussion
We have previously demonstrated the ease and utility of
assessing lumbar trabecular BMD via simple ROI attenuation
measurement (in HU) at routine abdominal CT for the purposes of opportunistic osteoporosis screening [11].
Furthermore, the importance of reviewing the sagittal
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reconstruction in addition to the standard axial views for unsuspected vertebral compression fractures at abdominal CT
has also been shown [15]. To further improve the efficiency
of CT-based opportunistic osteoporosis screening, we sought
to combine both of these assessments on the sagittal view
alone. Because these CT examinations are generally obtained
for other indications and typically read by general radiologists
or body imagers, this additional opportunistic screen needs to
be very simple to apply in order for it to be adopted in actual
practice. Before assuming that this approach will work, the
main piece of missing information was whether the ROI HU
measurement in the sagittal plane could serve as a reasonable
replacement for the axial HU measurement.
In this study, the axial (transverse) and sagittal CT trabecular attenuation measurements closely agreed in the great majority of cases, confirming that density measurement and vertebral fracture screening can be combined into one simple
assessment on the sagittal view and can be seamlessly integrated into a radiologist’s busy clinical practice pattern. This
method is opportunistic and requires no extra radiation, cost,
or patient time. By combining attenuation measurement and
vertebral fracture assessment into the sagittal view, potentially
valuable information is added regardless of the actual CT indication, and a radiologist can potentially identify patients
who may be at high risk for developing fragility fractures.
Confirmation of low BMD findings with central DXA and
estimation of fracture risk with BMD plus clinical fracture risk
factor assessment is the current standard of care. Another potential option is a simultaneous DXA-equivalent femoral neck
T-score obtained using the same abdominal CT scan [17].
However, a formal baseline DXA and fracture risk assessment
would still be needed prior to considering pharmacologic
treatment. Regardless, identification of previously undetected
low BMD or existing vertebral fracture represents an opportunity to identify those previously unappreciated to be at risk
for fragility fracture, thereby allowing appropriate clinical
evaluation, assessment of clinical fracture risk factors, and
subsequent consideration of therapies with demonstrated efficacy to reduce future fracture risk. This is relevant as osteoporosis is an underdiagnosed condition, and this method provides a simple way to expand initial screening—even if
unintended.
Our study findings suggest that opportunistic reporting of
vertebral findings at abdominal CT could help to increase
overall osteoporosis screening by identifying patients at increased risk for fragility fractures. In particular, only a small
fraction of patients (i.e., only about 20 %) with low BMD by
L1 CT assessment (≤110 HU) had undergone DXA screening
within a 4-year period prior to CT. Furthermore, only about
25 % of patients with a moderate or severe vertebral compression fracture at CT had undergone DXA screening within a 4year period prior to CT. These findings are not surprising
given that screening is not universally performed for those in
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whom it is indicated and that, at least according to the US
Preventative Services Task Force, screening is not indicated
in men. In the case we illustrated (Fig. 1), a 64-year-old male
was noted to have moderate T12 and L4 vertebral compression fractures at abdominal CT in addition to low BMD suggested by the CT attenuation measurement (83 HU axial,
85 HU sagittal). In retrospect, he also had low BMD
(85 HU, sagittal) on a CT scan performed 3 years prior, but
at that time had not yet sustained a vertebral fracture. This case
provides an example where L1 attenuation measurement
might have placed this patient into a high-risk category where
preventative measures could have been considered.
One result from our study that may warrant further investigation was the small but statistically significant mean difference in L1 attenuation between the axial and sagittal views of
about 3–4 HU measured in the entire cohort. One possible
explanation for this systematic difference is the subtle variation in intra-vertebral trabecular architecture. Anecdotally, we
have often observed a slightly denser stripe of trabecular bone
parallel to the endplates at the mid-vertebral level on the sagittal view at CT. A recent anatomy study has confirmed this
observation, showing that BMD was significantly higher at
the mid-vertebral region compared with both cranial and caudal regions [18]. If the axial measurements are more often
obtained near the mid-vertebral level, this could account for
the slight increase in mean attenuation compared to the sagittal
measurement, which samples a broader craniocaudal region of
the anterior trabecular space. Nonetheless, this small difference is likely of no clinical significance, as this screening
method is somewhat forgiving and not meant to be a diagnostic assessment.
Another future area of investigation entails the use of automation for these CT-based assessments, which could allow
for large-scale implementation of opportunistic screening.
Such automated computer-assisted L1 trabecular HU measurement has been proven feasible [13], but the attenuation
measures have not yet been compared with the manual ROI
method. Similarly, tools are being developed for computerassisted detection of vertebral compression fractures. We are
currently investigating the use of a combined automatic tool
for vertebral BMD and fracture assessment at abdominal CT.
Another interesting finding of our study was the rather
similar trabecular L1 HU values between men and women.
This is consistent with prior studies documenting that QCT
BMD measures are similar between men and women [19].
The reason that DXA areal BMD is higher in men than women is that, generally speaking, male bones are larger than female bones and inclusion of this greater depth in areal BMD
measurement leads to a higher value (g/cm2) in men.
We do not intend to imply that the specific HU thresholds
used herein should be universally adopted for opportunistic
CT screening, but rather demonstrate how HU measures can
help inform BMD status in an individual patient at CT. It is
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important to reiterate that our particular HU thresholds values
may not necessarily translate to other practices or CT protocols.
As such, CT-scanner-specific thresholds with fixed protocols
should be validated against internal DXA results.
Furthermore, ongoing CT scanner calibration is required to ensure reproducible and accurate BMD results. Some may wish to
consider the use of a lower threshold; for example, an L1 trabecular attenuation of <100 HU (on any CT scanner) should
generally lead to DXA confirmation as this level is fairly specific for osteoporosis at DXA [11]. Of course, a low HU measure in conjunction with a moderate or severe vertebral compression fracture should be taken even more seriously and can
effectively make the diagnosis of osteoporosis, although
confirmatory/baseline DXA is still necessary prior to initiation
of pharmacologic therapy. Furthermore, although different CT
vendors can deliver somewhat different HU measures—especially as one deviates from water density [20], an L1 trabecular
attenuation below 100 HU should generally be considered abnormally low on any scanner at 120 kVp (of note, different HU
thresholds would apply at different kVp levels). Of note, a recent independent publication has provided external validation
of our simple L1 ROI technique for opportunistic CT-based
screening [21]. It should be emphasized that use of a numerical
cut point to diagnose osteoporosis and/or to guide pharmacologic therapies is becoming less clinically important. For example, use of fracture risk estimation is increasingly widely recommended [22]. Indeed, a recent position statement of the
National Bone Health Alliance recommends that osteoporosis
be diagnosed not only by low BMD T-score but also by elevated fracture risk [23]. As such, regardless of the HU criteria
selected to define Blow,^ opportunistic detection of individuals
potentially at elevated fracture risk at the time of CT for other
indications has great potential to reduce fragility fractures.
We acknowledge limitations to our study. Not all patients
in this CT-based study had correlative DXA. However, we had
previously explored this issue for the axial HU approach [11],
and the axial-sagittal CT comparison was now more relevant.
The cost-effectiveness and potential economic implications of
this opportunistic screening method have not yet been explored, but given that this is a rapid and Bfree^ add-on, the
potential for benefit is substantial. Such information on costeffectiveness would be useful in terms of adoption by healthcare systems and clinicians. Of note, this analysis can be performed either prospectively or retrospectively, as CT scans
archived within PACS can be easily retrieved for this analysis.
In summary, we have shown that opportunistic osteoporosis screening with routine abdominal CT by means of trabecular density and vertebral fracture assessment can be combined using the sagittal reconstruction only. Given the volume
of body CT scans performed in the USA and the high prevalence and underdiagnosis of osteoporosis, this presents a great
opportunity to identify many individuals with elevated fracture risk that is currently unappreciated, including those
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already complicated by fracture. Following baseline DXA and
fracture risk assessment, pharmacologic intervention in some
cases may help to reduce the risk of potentially debilitating
fragility fractures and the health-care costs associated with
them. This approach can be easily integrated into radiologists’
clinical practice pattern and provides further value to abdominal CT regardless of the indication.
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