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Abstract
Objectives To develop and evaluate a method for areal bone mineral density (aBMD) measurement based on dual-layer spectral
CT scout scans.
Methods A post-processing algorithm using a pair of 2D virtual mono-energetic scout images (VMSIs) was established in order to
semi-automatically compute the aBMD at the spine similarly to DXA, using manual soft tissue segmentation, semi-automatic seg-
mentation for the vertebrae, and automatic segmentation for the background. The method was assessed based on repetitive measure-
ments of the standardized European Spine Phantom (ESP) using the standard scout scan tube current (30 mA) and other tube currents
(10 to 200 mA), as well as using fat-equivalent extension rings simulating different patient habitus, and was compared to dual-energy
X-ray absorptiometry (DXA). Moreover, the feasibility of the method was assessed in vivo in female patients.
Results Derived from standard scout scans, aBMDvaluesmeasuredwith the proposedmethod significantly correlatedwith DXA
measurements (r = 0.9925, p < 0.001), and mean accuracy (DXA, 4.12%; scout, 1.60%) and precision (DXA, 2.64%; scout,
2.03%) were comparable between the two methods. Moreover, aBMD values assessed at different tube currents did not differ
significantly (p ≥ 0.20 for all), suggesting that the presented method could be applied to scout scans with different settings.
Finally, data derived from sample patients were concordant with BMD values from a reference age-matched population.
Conclusions Based on dual-layer spectral scout scans, aBMD measurements were fast and reliable and significantly correlated
with the according DXA measurements in phantoms. Considering the number of CT acquisitions performed worldwide, this
method could allow truly opportunistic osteoporosis screening.
Key Points
• 2D scout scans (localizer radiographs) from a dual-layer spectral CTscanner, which are mandatory parts of a CTexamination,
can be used to automatically determine areal bone mineral density (aBMD) at the spine.

Summary statement The presented method, based on spectral CT scout
scans, allows to reliably determine areal BMD in state-of-the-art phantom
and in sample patient data. The results suggest that the performance of the
method is possibly similar to that of DXA for the phantom experiments
performed in this work.
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• The presented method allowed fast (< 25 s/patient), semi-automatic, and reliable DXA-equivalent aBMD measurements for
state-of-the-art DXA phantoms at different tube settings and for various patient habitus, as well as for sample patients.
• Considering the number of CTscout scan acquisitions performed worldwide on a daily basis, the presented technique could

enable truly opportunistic osteoporosis screening with DXA-equivalent metrics, without involving higher radiation exposure
since it only processes existing data that is acquired during each CT scan.

Keywords Multidetector computed tomography . Dual-energyX-ray absorptiometry . Bone density . Osteoporosis . Spine

Abbreviations
ANCOVA Analysis of covariance

(a statistical analysis technique)
AP Antero-posterior
BMC Bone mineral content (g)
BMD Bone mineral density (mg/mL),

sometimes also used for areal bone
mineral density (aBMD, g/cm2)

CV Coefficient of variation
DXA, DEXA Dual-energy X-ray

absorptiometry
ESP European Spine Phantom
HA Calcium-hydroxyapatite, the

main mineral component of bone
IV Intravenous (contrast agent)
QCT Quantitative computed tomography
VMSI Virtual mono-energetic scout image

Introduction

It is estimated that 28 million individuals are affected by os-
teoporosis in the European Union alone, with increasing prev-
alence due to the aging population [1, 2].

Numerous clinically accepted methods exist to determine
bone mineral density (BMD). Dual-energy X-ray absorptiom-
etry (DXA) is considered the gold standard [3]. Whereas this
technique provides relatively fast and low-dose acquisitions,
up to 70% of eligible women and significantly more men do
not undergo BMD screening at least once in their lives [4], and
subsequently, only 10–22% of patients receive adequate ther-
apy [2]. Moreover, DXA suffers from limitations, such as its
susceptibility to bone size and its sensitivity to degenerative
changes [5]. Therefore, DXA is very often used to confirm an
already suspected osteoporotic status. Quantitative CT (QCT),
on the other hand, is a fast and accurate method [6] to identify
patients with osteoporosis; however, radiation doses and cost
are considerably higher than those for DXA, limiting its use
[7]. Therefore, several methods for assessing BMD are cur-
rently being investigated, such as using asynchronously cali-
brated MDCT examinations or even low-dose PET/CT exam-
inations [8].

A mandatory part of CT examinations are scout scans,
which are essentially acquired in order to ensure correct

patient positioning. The CT scout scan thus exposes patients
to radiation doses without providing relevant diagnostic infor-
mation. It has been demonstrated previously that the CT scout
scan can significantly contribute to the integral dose of a full
examination [9–11]. Therefore, it would be highly beneficial
if imaging data obtained from scout scans could be used for
opportunistic BMD analyses. Dual-energy CT (DECT) sys-
tems may provide this opportunity: DECT allows to decom-
pose the low- and high-energy data into a pair of components
corresponding to the physical effects responsible for the ob-
served image (i.e., the photo-electric effect and Compton scat-
tering in the X-ray energy range used for diagnostic imaging).
This modified pair of images can be combined together to
produce so-called virtual mono-energetic images [12], which
can then be used to retrieve aBMD.

Recent studies assessed BMD determination based on
DECT [13, 14]. However, the methods used volumetric (3D)
CT data, which could suffer in an opportunistic screening
situation from the presence of IV contrast agent. Two-
dimensional (2D) scout scan images, when acquired with a
dual-layer spectral CT scanner, could be used to compute the
BMD, similar to DXA, since they are acquired simultaneously
and thus perfectly registered [15–17].

The purpose of this study was to develop a fast, semi-au-
tomatic, low-dose, spectral CT scout scan-based method to
determine the areal BMD (aBMD) and enable eventually an
early-stage, truly opportunistic BMD screening. The feasibil-
ity of the method was assessed with a standardized BMD
phantom and patient data.

Materials and methods

BMD quantification based on spectral CT scout scans

An algorithm utilizing spectral CT scout scan raw data was
developed in order to compute aBMD at the spine (vertebrae
L1-L4) semi-automatically. The scout scan raw data of the
spectral CT scanner (IQon spectral CT, Philips Healthcare)
corresponds to two perfectly registered frontal projection im-
ages generated from the low- and high-energy detector layers.
The developed algorithm, mimicking the principle of standard
DXA, comprises different steps, which are mainly pre-
processing of the raw data and conversion to a pair of photo-
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electric and scatter scout images, segmentation (vertebrae, soft
tissue, background), and computation of aBMD. A detailed
overview of the developed algorithm for BMD quantification
can be found in the supplemental material. On a standard PC
equipped with a modern processor and no GPU, the total
segmentation time (including user interactions and display of
segmentation results) was about 20 s. The computation and
display of BMD results was then achieved in less than 1 s.
This process could be further optimized to obtain much higher
performance.

Experimental evaluation

Dual-layer spectral CT

Both the phantom measurements and patient examinations
were acquired with a dual-layer spectral CT [17, 18]. The
unmodified clinical routine protocols were applied, with a
tube current of 30 mA and a peak voltage of 120 kVp, unless
otherwise specified. Figure 1 (upper row) illustrates the dual-
layer spectral CT scanner used.

DXA

DXA measurements were performed the way they are obtain-
ed in clinical routine at our institution, on a standard DXA
device, with a standard protocol (GE Lunar Prodigy, GE

Healthcare). DXA images were automatically analyzed and
reports were generated with a vendor-specific software
(Lunar Prodigy enCORE, version 15, GE Healthcare).

Phantoms

A standard phantom for quality assurance in DXA and
QCT was examined for this study (ESP, European Spine
Phantom, QRM). The phantom was extensively studied
by Kalender et al [19] and allows to check reproducibil-
ity and accuracy for the following quantities: aBMD
(g/cm2) and BMC (g) in DXA, trabecular and cortical
bone mineral density in QCT (mg/mL), and cortical
thickness in QCT. The phantom contains three internal
lumbar vertebra inserts composed of varying amounts of
calcium-hydroxyapatite (HA), covering the full physio-
logical range of BMD values. The size, HA concentra-
tion, and expected DXA BMD (AP) value of the inserts
are precisely tabulated by the manufacturer (see Table 1).
The entire ESP has an oval shape with flattened sides
and the dimensions of a typical patient abdomen
(260 × 180 × 110 mm3). Inserts are embedded in a
water-equivalent plastic. For one series of experiments,
the ESP was consecutively placed in two fat-equivalent
extension rings, in order to simulate different degrees of
obesity (extension rings M and L, QRM). Figure 1 (low-
er row) illustrates the ESP accompanied by the extension
rings.

Fig. 1 Dual-layer spectral CT
scanner and phantoms used in this
study. (a) Setup for phantom
measurements with the European
Spine Phantom (ESP) and the two
fat extension rings in a dual-layer
spectral CT scanner. (b) Working
principle of a dual-layer detector:
an X-ray beam impinges on a
dual-layer detector pixel, and the
low-energy photons are absorbed
in the top scintillator, while the
high-energy photons are absorbed
in the bottom scintillator. Visible
light is generated and directed to
side-looking photodiode arrays
which enable the acquisition of
the low- and high-energy raw
data. (c) Dimensions of the ESP
and fat extension rings, which can
be placed around the phantom
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Experiments performed with the ESP

For each series of scans acquired using the ESP, as presented
below, only the scout scan was acquired and exported, and no
volumetric data was obtained.

Comparison of the scout scan-based method (at
30 mA) to DXA

In order to assess the accuracy and precision of the developed
method, the ESP was repeatedly scanned (20 times) with the
spectral CT at 30-mA tube current, on the same day, reposi-
tioning the phantom after each scan. To allow a fair compar-
ison between the developed method and DXA, the ESP was
also scanned 20 times with the DXA device, with the standard
protocol, again repositioning the phantom after each scan.

Applicability of the method at different tube currents

ESP scout scans were acquired with a spectral CT at eight
different tube currents (10, 20, 30, 50, 70, 100, 150, and
200 mA), with four repetitions for each tube current, without
repositioning the ESP, to assess the applicability of the method
on a large tube current range. The analysis of each scan in this
series was repeated twice; consequently eight data points were
available for each tube current and for each ESP insert. For
comparison purposes, the ESP was scanned eight times with
the DXA device, using the standard protocol, without reposi-
tioning the phantom.

Applicability of the method to different patient sizes

Since one challenge of osteoporosis diagnostics is that DXA
measurements can be influenced by the habitus of the patient
[20], a series of scout scans was acquired using three different
tube currents (30, 50, and 150 mA) on the ESP, which was
surrounded by two different fat extension rings, simulating dif-
ferent degrees of obesity and thus allowing to study the applica-
bility of the developed method for different patient habitus. Each
scout scan was performed four times and the analysis was repeat-
ed twice. The same phantom configurations were each scanned
eight times with the DXA device using the standard protocol in
order to compare the performance of the developed CT scout
scan-based method with the state-of-the-art DXA for different
degrees of obesity of the patients.

In vivo aBMD estimation

In order to assess the applicability of the developed method in
patient datasets, two patients, with available dual-energy scout
scan raw data and without prior application of oral contrast
agent, were retrospectively selected. A 22-year-old female
patient scanned with a kidney stone low-dose protocol and a
77-year-old female patient scanned with a routine thorax/
abdomen protocol were selected. Both patients had no condi-
tions affecting bone metabolism other than postmenopausal
osteoporosis in the latter case. Institutional review board ap-
proval was obtained prior to this study (Ethics Committee,
Technische Universität München, München, Germany), and
all analyses were performed in accordance with relevant insti-
tutional and legislative guidelines and regulations. Written
informed consent was waived for this retrospective analysis
of routinely acquired imaging data. Both scans were per-
formed at the routine tube current of 30 mA, and the images
were analyzed using the method described above. The results
obtained for these patients were compared to age-adapted ref-
erence BMD values for Caucasian women [21].

Statistical analysis for phantom experiments

Statistical analysis was performed with MATLAB R2017a
(The MathWorks Inc.), with p < 0.05 indicating significant
differences, unless otherwise specified.

To assess the short-term precision of the proposed scout
scan-based method and of DXA, i.e., the reproducibility of
the diagnostic techniques, coefficients of variation (CV (%))
were computed for both techniques and defined as the ratio of
standard deviation to mean measured BMD at each ESP in-
sert. To assess their accuracy, i.e., the degree to which the
measured values deviate from the true values, relative errors
were computed with respect to the ESP specifications provid-
ed by the manufacturer. Ninety-five percent confidence inter-
vals for the three inserts of the ESP were calculated for both
methods to allow for comparison.

To show correlations between DXA and the proposed scout
scan-based technique, Pearson’s correlation coefficients were
calculated. In order to demonstrate the agreement between the
two techniques, linear regression models of the measured
BMD and the nominal BMD were computed both for the
developed method and for DXA, and analysis of covariance
(ANCOVA) was applied to assess for the similarities between
the slopes obtained through these regression lines, i.e., to

Table 1 Properties of interest of
the European Spine Phantom
used for this study. Errors are
given by the manufacturer

L1 L2 L3

Soft tissue (bulk) material Water-equivalent plastic

Spongious bone mineral density (mg/mL) for QCT 50 ± 1.5 HA 100 ± 3 HA 200 ± 6 HA

Areal bone mineral density (g/cm2) for DXA (AP) 0.500 ± 0.015 1.000 ± 0.030 1.500 ± 0.045
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explain the measured BMD (quantitative variable) with the
nominal BMD (quantitative explanatory variable) and the
measurement method, e.g., scout scan-based method or
DXA (qualitative explanatory variable). The same approach
was used to study the applicability of the scout scan-based
method when using different tube currents.

To study the applicability of the proposed technique in
patients with different degrees of obesity, Bland-Altman plots
were computed with respect to the measurements assessed
using the DXA device, for the three phantom configurations
studied, i.e., the ESPwithout extension ring, the ESP placed in
a small extension ring (M) and in a big extension ring (L).
Since all experiments were performed with the ESP, contain-
ing three vertebral inserts, the presented statistical analysis
should be considered with caution, within the limits of these
three available measurable BMD values.

Results

Comparison of the scout scan-based method (at
30 mA) to DXA

The obtained relative errors (ε), coefficients of variation (CV),
and 95% confidence intervals, computed for the scout scan-
based method and for DXA, are presented in Table 2. The
obtained values show that the developed method is
performing either as well as the DXA regarding accuracy (ε)
and precision (CV), or even better in comparison with the
DXA, especially for low BMD values (accuracy DXA,
8.3%; scout, 4.79%). The mean accuracy was 4.12% for
DXA and 1.60% for the proposed method. The mean preci-
sion was 2.64% for DXA and 2.03% for the CT scout scan-
based method. From the worst coefficient of variation for both
methods, a least significant change (LSC) was extracted [22]
and was found to be 9.4% for DXA and 10.0% for the pro-
posed method, demonstrating that both methods are
performing relatively similarly. The correlation coefficient
was computed between the datasets (r = 0.9925, p < 0.001)
and confirmed the similarity observed in the linearity plot
(Fig. 2). Moreover, ANCOVA demonstrated no strong evi-
dence toward different slopes (slope_DXA = 0.9494;
slope_scout = 0.9754) between the two methods (p = 0.0623,
R2 = 0.994), suggesting a relatively good agreement between
both methods.

Applicability of the method using different tube
currents

Linear regressions were computed at each tube current for the
scout scan-based method, and linearity plots were compared
to DXA, similarly as the experiment described in the previous
section (Fig. 3). First of all, it should be noticed that the

displayed errors were overall smaller than those in the previ-
ous case, since the ESP was kept at a fixed position for these
measurements. For all analyzed tube currents, the linear re-
gressions were found to be relatively similar to the original 30-
mA case presented in the previous section. This was con-
firmed by ANCOVA since no slopes were found to be signif-
icantly different from the original 30-mA case (0.2043 <
p < 0.9999). These results would suggest that the proposed
method is applicable on a large range of tube parameters,
which could be useful for the application of the technique in
obese patients.

Applicability of the method to different patient sizes

Figure 4 presents three Bland-Altman plots obtained for the
ESP respectively surrounded by no fat ring (Fig. 4a), by a
small fat ring M (Fig. 4b), and by a large fat ring L (Fig. 4c).
The plots were obtained by computing the mean and the dif-
ferences in measured BMD between DXA and the developed
spectral CT scout scan-based method, for each of the three
inserts of the ESP, and in four repeated measurements. On
the ESP without fat surrounding (Fig. 4a), it was observed that
the CT scout scan-based method gave similar results in com-
parison with the reference DXA measurements throughout all
measured currents. However, when the phantom was larger, as
shown in the two other plots (Fig. 4b, c), the results obtained
by the proposed technique were less accurate, especially if the
tube current was not sufficiently high. As shown in the plots, a
sufficiently high current, like 150 mA, gave reliable results,
even for the largest phantom configuration, and still allowed
BMD estimation.

In vivo aBMD estimation

The segmentation results of the developed algorithm are illus-
trated in Fig. 5 for the two selected female patients. aBMD
values computed for these patients with the developed method
are presented in Table 3. The obtained BMD values were
concordant with expected BMD values in age-matched wom-
en taken from the literature [21]. Moreover, the obtained
BMD values were significantly different (p = 0.0173) from
each other.

Discussion

In this study, it was demonstrated based on extensive phantom
measurements that DXA-equivalent BMD estimation is feasi-
ble with 2D scout scans acquired using a dual-layer spectral
CT scanner. The developed method showed a substantial
agreement with DXA, which is considered to be the gold
standard for BMD measurements. The evaluation was per-
formed using a state-of-the-art phantom for quality control
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and performance evaluation of DXA devices. The proposed
method exhibits similar accuracy and precision as DXA, and
even better than DXA for low BMD values, which could be of
particular interest in the context of osteoporosis screening.
However, this could be due to differences in the segmentation
techniques used for both measurements. It has to be noted that
the values obtained for accuracy and precision of DXA are
slightly higher than usual, since the phantom was voluntarily
repositioned with some errors. This was performed in order to
simulate the suboptimal patient positioning that could be en-
countered with the CT scout scan-based method and thus to
facilitate comparability of both methods in identical condi-
tions. Indeed, padded boxes are used in DXA examinations
in order to flatten the spine and generally to minimize imaging
artifacts, which might not be feasible with the scout scan-
based method considering the clinical workflow and the scan-
ner geometry. Moreover, it has to be acknowledged that the
presented scout scan-based BMD estimation method, because
it is based on 2D images, would suffer from exactly the same
artifacts and errors as DXA, such as dependency of the

estimated BMD on bone size, overlaying soft tissue or the
presence of aortic calcifications. In particular, the method
may only be applicable to patients without oral contrast agent,
similarly to DXA.

Limitations of the proposed method regarding the depen-
dency on patient size were investigated by scanning thicker
phantom configurations. At low tube currents, the BMD de-
termination was less accurate in larger phantoms than in thin-
ner phantoms, simulating different degrees of obesity. This
could be explained by the decreased image quality observed
at low currents (lose dose) for larger patients, which is due to
very low photon counts reaching the X-ray detector. A further
limitation of our study, which also affects the dose efficiency
as well as patient sizes, was a decision to acquire data only
with a tube voltage of 120 kVp. We could illustrate, in this
initial study, that the concept works with 120 kVp, but tech-
nically an aBMD measurement should be a possibility with
different tube settings. One example would be to utilize low
tube voltage for smaller patients. However, reliable and robust
results can be achieved for different patient habitus, if the tube
current is adapted to individual patient sizes. For phantom
measurements, it has to be noted that no power analysis was
performed previously, since this study is a feasibility study
concerning a method that has not been reported before.
Moreover, for the phantom employed in this study, a calibra-
tion for areal BMD values was not available, but for volumet-
ric BMD values, showing minor deviations from the nominal
values within ± 1.6%. Therefore, the accuracy values present-
ed in this work must be considered as general indicators for
the performance of the described method.

Finally, it was shown that the CT scout scan-based BMD
estimation also gives plausible results when applied to data
from two patients, showing the feasibility and applicability of
the method using patient data. BMD values computed for a
22-year-old female patient and a 77-year-old female patient
were significantly different and showed good agreement with

Fig. 2 Linearity plot showing similarity of the linear regressions obtained
for DXA and the localizer-based method at 30 mA for measurement on
the ESP. Nominal BMD values were provided by the manufacturer of the
ESP. Error bars indicate ± one standard deviation. The gray dashed line
represents the first diagonal (target line)

Table 2 Relative errors (accuracy), coefficients of variation (short-term precision), and 95% confidence intervals measured on the ESP for DXA and
for the developed CT scout scan-based method. The phantom was repositioned between each one of the 20 scans performed

Accuracy relative errors (%) Short-term precision CV (%) 95% confidence intervals

L1 L2 L3 L1 L2 L3 L1 L2 L3

DXA 8.30 4.66 − 0.60 1.99 2.53 3.39 [0.52; 0.56] [0.99; 1.10] [1.39; 1.59]

Localizer-based method (30 mA) 4.79 0.04 − 0.04 1.24 3.63 1.22 [0.51; 0.54] [0.93; 1.07] [1.46; 1.53]

Fig. 3 Linearity plots obtained for different tube currents with the
proposed spectral CT scout scan-based method, compared to DXA. The
red DXA regression line is the same in all plots and is given for
comparison and visualization purposes. Slopes of the linear regressions
for the scout scan-based technique are in all cases not significantly
different from the original 30-mA regression line slope. The gray
dashed lines represent the first diagonal (target lines)

b
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age-matched reference BMD values for Caucasian women,
suggesting that the developed method could be well suited
for routine clinical cases. Unfortunately, corresponding DXA
BMD values for these patients were not available, since the
regulation at our institution does not allow additional scans for
patients when they are for research purposes only. Therefore,
the presented patient results should be considered as an initial
feasibility indicator, but with caution, as they do not represent
any statistically validated finding since they are based on two
patients only.

Other commercially available methods were suggested to
provide opportunistic BMD screening, like a BMD software
(CliniQCT,Mindways) which does not require any calibration
phantom. This method estimates an aBMD which is cross-
calibrated to the NHANES dataset in addition to providing
volumetric BMD results. However, like other volumetric
BMD testing techniques, these methods remain based on 3D
datasets, which can potentially not cover the abdomen and
could suffer from potential intravenous contrast agent appli-
cation, and they are still not standard examinations.

Fig. 4 Bland-Altman plots obtained by comparing the developed scout-
based method at different tube currents with standard DXA, measuring
different configurations of the ESP phantom. The plots respectively
correspond to the ESP without any surrounding extension ring (a), the
ESP placed in a small fat extension ring (b), and the ESP placed in a large
fat extension ring simulating a higher degree of obesity (c). For larger

phantoms (c), the low-current variants are not as accurate as with thin
phantoms, demonstrating the limits of the proposed method when the
patient is too large to allow a sufficiently good scout image quality and
thus, enable BMD determination. A higher tube current could overcome
this problem, as shown in (c)
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Nevertheless, it should be acknowledged that such volumetric
techniques usually better correlate with fracture risk, since
they exclude cortical regions like the neural arch and exclu-
sively measure the BMD in the trabecular region, which is
known to be metabolically more active and thus more prone
to changes in bone mineral density. The use of the presented
scout scan-based method as an automatic pre-screening tool,
combined with volumetric measures performed in the subse-
quent CT scan, might be envisioned to provide a fully CT-
based osteoporosis screening program.

Moreover, the use of a scout scan for diagnostic purposes
could awake concerns regarding the radiation exposure.
However, the scout scan is always performed using standard
CT protocols, and the developed method thus simply allows a
supplementary processing and interpretation of scout scan da-
ta that has already been acquired, if the CT scanner used is
equipped with an energy-resolving detector. The developed
method is fast, and demands only few user interactions, which
in the future could be fully automated. The segmentation pro-
cess used in this study has potential for optimization and

a b c

d e f

Fig. 5 Comparison of conventional scout image (a, d) with the photo-
electric (b, e) and Compton (c, f) scout images, showing the good
separation of bones and soft tissue allowing for simple segmentation
and effective determination of BMD. The images are shown for a 22-
year-old female patient (top, a–c) and for a 77-year-old female patient
(bottom, d–f). The segmented areas are delineated with white lines

corresponding to the extracted masks and are respectively background
(dark red overlay), pure soft tissue region in the abdomen, and the four
vertebrae L1 to L4 (from top to bottom). Units for the photo-electric and
Compton scout images are equivalent path length (mm) in virtual objects
having photo-electric-like or Compton-like attenuation coefficients

Table 3 BMDmeasured on two test patients, compared to literature data, since no DXA scan were available. Analysis was repeated four times on the
same dataset, for each subject. Indicated errors correspond to standard deviations observed for the four measurements

L1 (g/cm2) L2 (g/cm2) L3 (g/cm2) L4 (g/cm2) Ref. (g/cm2)*

Young patient (22 years) 0.868 ± 0.023 1.039 ± 0.021 1114 ± 0.020 1.189 ± 0.018 1.04 ± 0.11

Old patient (77 years ) 0.725 ± 0.020 0.840 ± 0.013 0.869 ± 0.013 0.791 ± 0.010 0.75 ± 0.08

*Values were extracted from [21] and errors are given as an indication according to the information given in the reference
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improvement, for instance with the help of current segmenta-
tion technologies used in DXA devices, or of more advanced
machine learning techniques [23] which could potentially
completely eliminate user interaction. However, no special
focus was placed on the refinement and fine tuning of this
segmentation method, since the goal of this study was to dem-
onstrate the feasibility of a novel CT scout scan-based method
to determine BMD values.

Outlook

Since DXA BMD measurements are evaluated with the help
of T-scores and Z-scores in the clinical routine, one fundamen-
tal next step would be to perform a large clinical study, in
order to demonstrate that DXA-equivalent T- and Z-score de-
termination can be performed with the proposed scout scan-
based method. This study is also needed in order to evaluate
the in vivo test-retest reproducibility of the developed method,
as well as its fracture predictability.

Moreover, in some cases, a dual scout scan is acquired
(both frontal and lateral). One could also consider this as an
improvement strategy of the proposed method, analyzing both
the frontal scout scan and the lateral one. The lateral scout
scan analysis, transformed in a lateral BMD map, could be
used to extend the functionalities of the proposed method and
to mimic the functionalities of DXA, for example, by
performing vertebral fracture assessment (VFA), hip axis
length (HAL) measurement, or body composition assessment.

As this method is not bound to dual-layer spectral detec-
tors, it could also be performed in the future with spectral
photon-counting CTs [24–28]. This next generation of
energy-resolving detectors would potentially allow to reduce
current dose requirements for larger patients as well as to
distinguish between oral contrast agent (administered before
a scout scan) and calcium [29, 30].

Conclusion

To the best of our knowledge, this is the first study describing
the possibility to determine BMD in routinely acquired CT
scout scans. The findings were confirmed by extensive phan-
tom experiments and compared to DXA. Moreover, the scout
scans from dual-layer CTscanners are systematically acquired
using the dual-energy modus, since an advantage of this par-
ticular DECT approach is that the spectral data acquisition is
always on. If translated into the clinical routine, one possibil-
ity would be to determine the BMD fully automatically and
only alert the clinician or radiologist when a certain level of
BMD is not reached. When considering the high number of
CT acquisitions performed worldwide, this could introduce a
larger scale opportunistic osteoporosis screening. Essential for
this development is the universal availability of CT scanners

equipped with spectral detectors (e.g., dual-layer or photon-
counting); however, the translation and introduction of such
systems are currently in full swing.
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