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Background: The update in technology may impact the accuracy in measuring bone mineral density 
(BMD). However, the application of the new fast kilovoltage (kV)-switching dual-energy computed 
tomography (DECT) for BMD measurement has not yet been reported. This study aimed to examine 
the accuracy and precision of the new fast kV-switching DECT in measuring BMD and to evaluate its 
applicability in clinical BMD measurement.
Methods: Forty sets of the new fast kV-switching DECT scans and one quantitative computed tomography 
(QCT) scan were performed on the European Spine Phantom. Their relative errors and relative standard 
deviations were compared. A retrospective analysis was performed on patients who underwent chest plain 
DECT and abdominal monoenergetic plain CT at the same time. The relationship between hydroxyapatite-
water and hydroxyapatite-fat measured using DECT and BMD measured using QCT was analyzed by 
multivariate regression analysis.
Results: The relative errors of the new fast kV-switching DECT with low tube speeds (0.8 and 1.0 s/r) 
were all less than 6% and were less than those of QCT, except for those at 515 mA. The relative standard 
deviation values with high tube rotation speeds (0.5 and 0.6 s/r) were higher than those with low tube 
speeds (0.8 and 1.0 s/r) under most tube current conditions. The new fast kV-switching DECT-derived 
BMD values corrected by multiple linear regression (predicted hydroxyapatite) were significantly positively 
correlated with the QCT-based BMD values (R2=0.912; P<0.001). The results of the Bland-Altman analysis 
demonstrated high consistency between the 2 measurement methods. 
Conclusions: Results of the phantom measurements indicated that the new fast kV-switching DECT 
could measure BMD with relatively high accuracy and precision. The results of a subsequent clinical in vivo 
experiment demonstrated that vertebral BMD measurements derived from DECT and QCT were mostly 
consistent and highly accurate. Therefore, patients who undergo DECT for other clinical indications can 
simultaneously have their BMD determined.
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Introduction

Osteoporosis is characterized by decreased bone mass 
and deterioration of bone microstructure, which leads to 
increased bone fragility (1). Osteoporosis increases the 
incidence of bone fractures, which results in the poor 
quality of life for patients and a significant burden on their 
families (2,3). Over the past three decades, the prevalence 
of osteoporosis and the incidence of fragility fractures 
in China have increased considerably (4). In developed 
countries, the lifetime risk of fracture in people over  
50 years old is about 50% in women and 20% in men (5). 
Bone mineral density (BMD) is an important index for the 
diagnosis and treatment of osteoporosis. Therefore, it is 
of great clinical and research significance to measure bone 
density accurately and conveniently.

Previous studies have explored the use of fast kilovoltage 
(kV)-switching dual-energy computed tomography (CT; 
FSDECT) to measure BMD (6-9). The new FSDECT 
technology has enabled ultrafast kV and milliamperage (mA) 
synchronized switching to achieve almost simultaneous 
dual-energy data acquisition. This update in technology 
may impact its accuracy in measuring BMD. However, the 
application of the new FSDECT for BMD measurement 
has not yet been reported. Therefore, this study aimed to 
investigate the accuracy and precision of the new FSDECT 
for measuring the BMD of the European Spine Phantom 
(ESP) and to evaluate the clinical applicability of the new 
FSDECT for BMD measurement.

Methods

Ex vivo phantom materials

The ESP (No. 145, QRM GmbH, Möhrendorf, Germany; 
Figure 1A) is mainly equivalent to hydroxyapatite (HAP) 
and water in X-ray attenuation, which comprises an epoxy 
resin and HAP (10). The 3 vertebral bodies of the ESP 
are named V1, V2, and V3 from top to bottom, and the 
corresponding HAP densities of cancellous bone are  
51.0 mg/cm3 (HAP50), 102.2 mg/cm3 (HAP100), and 
200.4 mg/cm3 (HAP200), respectively (11). The exact HAP 
densities, as specified by the manufacturer, were used for all 
calculations and analyses; nominal values were only used for 
illustrative purposes in tables and figures.

Phantom scanning methods

Dual-energy CT (DECT) was performed using a 256-slice 

FSDECT scanner (Revolution Apex; GE Healthcare, 
Chicago, IL, USA). To explore the effect of different 
tube currents and rotation on the measurement of 
BMD, the scanning parameters were set as follows: fast 
tube voltage switching between high and low energy,  
140/80 kVp; detector coverage, 80 mm; and pitch, 0.992:1. 
We established 40 sets of DECT scan parameters by 
separately combining tube rotation speeds of 0.5, 0.6, 0.8, 
and 1.0 s/r with 10 different tube currents (145, 200, 250, 
300, 335, 370, 405, 445, 480, and 515 mA); 10 repeated 
scans were performed for each set of scan parameters.

Asynchronous calibration quantitative CT (QCT) was 
used in this study. The calibration phantom (Mindways 
Software Company, Inc., Austin, TX, USA) performed 
periodic calibration, and the phantom was not needed 
in the scanning process (Figure 1B). The parameters of 
QCT performed were as follows: tube voltage, 120 kVp; 
tube current, 140 mA; tube rotation speed, 0.6 s/r; pitch, 
0.992:1; detector coverage, 80 mm; and scan field of view, 
50 cm. The bed height was 145.5 cm, and calibration was 
performed using a fourth-generation calibration phantom. 
These scans were repeated 10 times. For the radiation dose, 
scan parameters for the various DECT groups and the 
volume CT dose index (CTDIvol) values corresponding with 
the QCT scans were recorded.

Patient cohort for in vivo BMD measurements

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the ethics committee of Zhengzhou 
University, and individual consent for this retrospective 
analysis was waived. Patients who underwent conventional 
abdominal CT (including QCT, upper abdominal CT, or 
spinal CT) and DECT for thoracic scans between October 
2021 and May 2022 were included. The interval between 
the abdominal and thoracic examinations did not exceed  
1 month. Figure 2 shows the flowchart of the study. Table 1 
shows the scan parameters of the participants.

Data measurement for the bone phantom and patients

The reconstructed DECT scan data were transferred 
to an Advantage Workstation 4.7 (GE Healthcare) for 
quantitative material measurement. The reconstructed 
abdominal data were transferred to a QCT Pro workstation 
(Mindways Software, Inc.) for QCT BMD measurement. 
Two attending physicians who did not know the scan 



Quantitative Imaging in Medicine and Surgery, Vol 13, No 2 February 2023 803

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(2):801-811 | https://dx.doi.org/10.21037/qims-22-701

methods separately conducted the measurements.
For the DECT measurement, during the measurement 

of the phantom, the circular region of interest (ROI) was 
set at the median plane of the vertebral body, with an area 
of 408.42 mm2. As much cancellous bone as possible in the 

plane was included while areas with high BMD, such as 
the cortical bone and its pedicle, were avoided. For each 
patient, the ROI was two-thirds of the vertebral body size 
and was selected to avoid structures such as bone islands 
and the vertebral venous plexus. The HAP-water of the 

A B

Figure 1 ESP and the calibration phantom used in QCT. (A) An anthropomorphic ESP. (B) Asynchronous phantom calibrated before the 
QCT scan. ESP, European Spine Phantom; QCT, quantitative computed tomography.

Participants underwent abdominal CT scan (n=6,129)

312 participants underwent both the dual-energy chest CT and a 

monoenergetic abdominal examination 

195 participants and 310 vertebrae for further analysis

Participants excluded due to lack of dual-energy chest CT 

examination (n=4,528)

1,289 participants excluded due to the tube voltage used 

in the scan was not 120 kVp

• Participants excluded due to spinal tumor or spinal 

tumor-like lesion or infection (n=33);

• The lowest end of the chest CT scan range does not 

reach the T12 vertebral body (n=38);

• Spinal surgery (Implants or other foreign material) (n=31); 

• Severe degenerative changes (n=4) ;

• Deformity (n=5); 

• Hematologic disorder (n=6);

• Lumbar fracture (T12 vertebral fracture n=21, L1 

vertebral fracture n=11, L2 vertebral fracture n=3).

Figure 2 The flowchart of the patient screening process. CT, computed tomography. 
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phantom and the HAP-water and HAP-fat of the patients 
were measured.

For QCT measurements, the workstation software could 
generate and automatically analyze the ROIs. However, it 
needed to be reset if an obvious periprocedural error was 
observed.

Both phantom and patient data were measured twice at 
an interval of 1 week, and the average of the 2 measurements 
was used as the final value.

In order to compare the accuracy and precision of the 
ESP of SECT and QCT, we calculated the relative error 
(RE) and the relative standard deviation (RSD) using the 
method previously described (9). The formulas were as 
follows:

100%measured ESP

ESP

BMD BMDRE
BMD

−
= ×

  [1]

100%measured

measured

SDRSD
n BMD

= ×
×∑  [2]

where BMDmeasured is the measured BMD values of the ESP, 
BMDESP is the exact BMD values of the ESP, and SDmeasured is 
the standard deviation (SD) of the measured BMD values of 
the ESP.

Statistical analyses

Data were statistically analyzed using SPSS 25.0. (IBM 
Corp., Armonk, NY, USA). The 1-sample t-test was 
adopted to compare the differences between the measured 

HAP-water values of the V1, V2, and V3 vertebral bodies 
and true ESP values under different scan conditions.

BMD derived from DECT and QCT was analyzed using 
linear regression. The Bland-Altman analysis was used to 
assess the agreement between QCT-derived BMD and 
adjusted predicted BMD obtained from linear regression 
calibration. A 2-sided P value of 0.05 was used to indicate 
statistical significance.

Results

ESP results

Accuracy of ESP BMD measured by the new FSDECT
The DECT-based HAP-water values of V1, V2, and V3 
of the ESP under different scan conditions are shown in  
Table 2. Figure 3 shows the RE values of V1, V2, and V3 
based on DECT under different scan conditions. The 
DECT-based measurement had positive and negative 
biases under different scan conditions. The RE absolute 
value range for DECT under various scan conditions was 
0.10% (0.8 s/r; 145 mA) to 10.1% (0.6 s/r; 515 mA), 0.12%  
(0.6 s/r; 145 mA) to 6.9% (0.6 s/r; 515 mA) and 0.12% 
(0.8 s/r; 145 mA) to 6.1% (0.6 s/r; 515 mA) for V1, V2, and 
V3, respectively. For V1, V2, and V3, the absolute values 
of the RE of DECT under 0.8 s/r and 1.0 s/r were less than 
6%, but there was an exception for V2 and V3 when the 
tube current was 515 mA.

Precision of ESP BMD measured by DECT
Figure 4 shows the RSD values for the various DECT 
conditions.

Results of the participants

In vivo DECT-based BMD measurements
Table 3 shows the characteristics of the participants. Based 
on the diagnostic criteria for osteoporosis in QCT, patients 
were divided into the osteoporosis group with BMD less 
than 80 mg/cm3, the osteopenia group with BMD between 
80 and 120 mg/cm3, and the normal BMD group with 
BMD more than 120 mg/cm3. Of the 310 vertebrae in 
our study, 55 had osteoporosis, 115 had osteopenia, and  
140 had normal BMD. As shown in the scatter plots 
in Figure 5, HAP-water and HAP-fat exhibited linear 
relationships with QCT-based BMD; therefore, HAP-
water and HAP-fatwere used to construct a multiple linear 
regression formula.

Table 1 Scan parameters for dual-energy CT and abdominal CT

CT parameters
Scan mode

Abdominal CT Dual-energy CT

Tube voltage (kVp) 120 80/140

Tube current (mA) auto mA GSI assist

Pitch 0.992:1 0.992:1

Tube speed (s/rot) 0.8 0.8

Slice thickness (mm) 1.25 1.25

ASIR-V 40% 40%

ASIR-V, adaptive statistical iterative reconstruction-Veo (data 
measurement for the bone phantom and patients); CT, computed 
tomography; GSI, gemstone spectral imaging.
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Table 2 Comparison of dual-energy computed tomography-based hydroxyapatite values using different scan protocols compared with the true values

Tube rotation speed (s/r) Tube current (mA) CTDIvol (mGy) V1HAP (50 mg/cm3)* V2HAP (100 mg/cm3)* V3HAP (200 mg/cm3)*

0.5 145 4.05 49.56±2.09† 98.02±1.60 193.36±4.42

0.5 200 5.12 52.07±1.58† 103.62±2.16† 199.64±2.31†

0.5 250 6.34 53.79±1.18 105.01±1.22 203.21±1.95

0.5 300 6.89 55.75±1.25 107.58±1.14 206.20±1.34

0.5 335 7.96 53.28±1.19 103.78±1.73 202.50±1.61

0.5 370 8.73 52.73±0.90 103.80±1.44 201.44±2.11†

0.5 405 9.93 51.46±0.92† 101.16±0.79 197.73±1.57

0.5 445 10.66 51.25±1.18† 101.01±1.13 197.45±1.21

0.5 480 11.61 50.53±0.78† 100.45±1.33 196.63±1.63

0.5 515 13.17 46.95±0.81 96.28±1.37 189.63±1.31

0.6 145 4.88 52.15±1.30 102.08±1.82† 198.37±1.91

0.6 200 6.27 55.04±1.03 106.51±1.34 205.85±1.89

0.6 250 7.81 55.89±0.74 107.87±0.88 208.50±1.19

0.6 300 8.62 51.68±1.13† 102.78±1.25† 202.71±1.75

0.6 335 9.92 55.60±1.90 107.26±1.94 207.37±2.69

0.6 370 10.87 51.91±1.02 103.14±1.00 200.34±1.25†

0.6 405 12.3 50.77±0.65† 101.47±1.28† 199.12±1.63

0.6 445 13.26 48.42±0.90 98.45±1.12 194.74±1.35

0.6 480 14.39 49.57±0.55 99.53±1.11 196.22±1.82

0.6 515 16.15 45.84±0.97 95.14±1.01 188.17±1.63

0.8 145 6.56 51.05±1.35 102.67±0.57 200.63±1.69†

0.8 200 8.6 56.54±0.72 108.91±0.98 208.11±1.63

0.8 250 10.7 53.59±0.68 105.27±1.18 205.53±1.12

0.8 300 12.11 51.63±0.64 103.37±0.85 202.93±1.49

0.8 335 13.81 51.24±0.73† 102.99±1.20† 201.97±1.27

0.8 370 15.17 51.27±1.03† 103.10±0.72 201.14±0.94

0.8 405 17.02 50.34±0.69 100.98±1.00 198.49±1.07

0.8 445 18.41 50.67±0.58† 101.08±0.76 198.75±0.75

0.8 480 19.97 50.23±0.80 100.79±0.68 198.42±0.78

0.8 515 22.17 47.24±0.43 96.99±0.84 193.01±0.97

1.0 145 8.2 51.30±0.89† 101.99±1.27† 202.05±1.90

1.0 200 10.92 54.10±1.13 105.30±0.88 206.41±1.09

1.0 250 13.57 52.86±0.71 103.29±1.21 204.50±1.13

1.0 300 15.56 52.51±0.82 102.74±0.83† 203.67±0.97

1.0 335 17.69 51.26±0.55† 101.47±1.00 200.56±1.05†

1.0 370 19.45 50.50±0.67 101.14±0.94 198.81±1.41

1.0 405 21.73 52.62±0.98 103.54±0.99 202.76±1.44

1.0 445 23.55 51.28±0.57† 101.59±0.88† 200.38±1.07†

1.0 480 25.51 49.16±0.60 99.29±0.92 197.10±1.02

1.0 515 28.15 48.08±0.35 98.32±0.98 194.75±1.25

The values are presented as mean ± standard deviation. *, phantom-specific concentrations (ESP-145; 51, 102.2, and 200.4 mg/cm3 HAP were 
used to determine measurement error); †, the difference was insignificant compared with the true value. BMD, bone mineral density; CTDIvol, 
computed tomography dose index; DECT, dual-energy computed tomography; HAP, hydroxyapatite; QCT, quantitative computed tomography; 
ESP-145, European Spine Phantom-145. 



Wang et al. The new FSDECT to measure BMD806

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(2):801-811 | https://dx.doi.org/10.21037/qims-22-701

Figure 3 RE values under different scan conditions. RE values of (A) V1, (B) V2, and (C) V3 obtained under different scan conditions. 
The graphs show the plot of RE between the DECT-based HAP values and the true ESP values. Different colors represent different tube 
rotation speeds. The circle in the middle of each bar represents the mean RE value, and the upper and lower bounds represent the 95% 
confidence intervals. ESP, European Spine Phantom; HAP, hydroxyapatite; QCT, quantitative computed tomography; RE, relative error; 
DECT, dual-energy computed tomography; CI, confidence interval.

Figure 4 RSD values under different scan conditions. RSD values of (A) V1, (B) V2, and (C) V3 obtained under different scan conditions. 
RSD, relative standard deviation.

Figure 5 The comparison between QCT-based BMD values and HAP. Scatter plots showing the BMD values of 310 vertebral bodies of 195 
patients. (A) QCT-based BMD values exhibited linear relationships with HAP (water). (B) The same trend was observed with HAP (fat). 
BMD, bone mineral density; HAP, hydroxyapatite; QCT, quantitative computed tomography.
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The 3 groups were used for stratified sampling, resulting 
in 70% of the vertebrae (n=217) being used as the training 
set for regression modeling and 30% of the vertebrae (n=93) 
being used as the validation set to validate the regression 
model.

Results showed that the effects of HAP-water (b=−0.754; 
t=−3.4713; P=0.001) and HAP-fat (b=1.941; t=8.793; 
P<0.001) on QCT-based BMD were significant, with a 
constructed regression formula as follows:

1 20.75 1.9 2 2ˆ 4 7 . 3y x x −− +=  [3]

where ŷ  is the predicted value calculated from DECT-based 
HAP-water and HAP-fat, x1 is HAP-water, and x2 is HAP-fat.

The DECT-based BMD values calculated using 
multiple linear regression from the validation set (n=93) 

were significantly positively correlated with the QCT-
based BMD values (R2 =0.912; P<0.001). The mean 
difference between the 2 methods was −1.01 (P=0.344), and 
the majority of differences lay within ±1.96 SD without 
exhibiting an obvious trend. This demonstrates high 
consistency between the 2 measurement methods (Figure 6).

Discussion

In this study, we observed that the new FSDECT 
measurements under different scan conditions were not 
identical. Both positive and negative REs were obtained for 
the 3 ESP vertebral bodies, with RE ranges of −10.1% to 
9.3%, −6.9% to 5.5%, and −6.1% to 4.0% for V1, V2, and 
V3, respectively. These ranges were all within the acceptable 
limits of clinical practice for osteoporosis screening (12,13). 
An error of several milligrams per cubic centimeter is not 
significant in the screening of osteoporosis, considering that 
there is at least a 40 mg/cm3 difference in BMD between 
normal individuals (more than 120 mg/cm3) and those with 
osteoporosis (less than 80 mg/cm3) (14). The QCT results 
showed positive biases, which were consistent with the 
previous study (11). The systematic error for QCT volumetric 
BMD measurements means that follow-up scans on individual 
cases should be performed on the same CT system.

In another ESP-based study by Huang et al. (8), the 
largest REs for V1, V2, and V3 were 39.74%, 24.48%, 
and 20.56%, respectively. The differences in results might 

Figure 6 The consistency between DECT-based and QCT-based BMD values. (A) DECT-based BMD values calculated using multiple 
linear regression from the validation set (n=93) positively correlated with the QCT-based BMD values (R2 =0.912; P<0.001). (B) The Bland-
Altman plot of BMD assessment of 93 vertebral bodies. The x-axis represents the average BMD value obtained by DECT and QCT; the 
y-axis represents the difference between the 2 measurement methods (QCT-DECT). The solid line indicates the d between the 2 methods, 
and the dotted lines denote the 95% limits of agreement (d ± 1.96 SD). Given d =−1.01 (P=0.34) and SD =10.19 mg/cm3, the ± 1.96 SD 
were 18.96 mg/cm3 and −20.98 mg/cm3, respectively. Different colored circles represent different BMD groups. The results show that the 
2 measurement methods are highly consistent. d: mean difference; BMD, bone mineral density; CI, confidence interval; DsDECT, double-
switching dual-energy computed tomography; QCT, quantitative computed tomography; SD, standard deviation.
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Table 3 Characteristics of the participants

Characteristics T12 L1 L2

Age (years) 55.87±11.74 57.26±11.92 54.19±12.67

Gender

Male 78 (42.6%) 44 (41.5%) 8 (38%)

Female 105 (57.4%) 62 (58.5%) 13 (62%)

The values for age are presented as mean ± standard deviation; 
the values for sex are presented as a number (%). 
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have occurred because traditional switching DECT was 
employed by Huang et al. (8), whereas the new FSDECT 
was used in the present study. Technical advances have 
helped achieve improved quantification accuracy with the 
newer FSDECT scanner; these advances include more 
powerful tubes, more advanced detectors, and superior X-ray 
spectral properties (15).

In the present study, the absolute RE obtained with 
27 sets of scan conditions was less than 1%, which is 
comparable to the results obtained by Koch et al. (16) in 
a phantom study conducted using dual-source DECT. 
Our RE values were also lower than those reported by  
Li et al. (17) in another phantom study using DECT.  
Van Hamersvelt et al. (13) and Mei et al. (18) found that RE 
increased with a decrease in tube current and deduced that 
a reduction in tube current caused a decrease in the number 
of emitted photons, thereby causing a decrease in the 
number of photons hitting the detector. This phenomenon 
may affect the accuracy of mass attenuation coefficients, 
thereby affecting the accuracy of BMD quantification. 
However, the measurement error did not correlate with the 
tube current in this study. Therefore, the specific roles of 
tube current warrant further investigation.

An important finding of the study is that the REs of the 
3 vertebral ESP bodies were not reduced under low tube 
current conditions as compared with REs produced at high 
tube currents; hence, lower dose settings can be used in the 
new FSDECT to determine BMD. When a tube rotation 
speed of 0.8 s/r and a tube current of 145 mA were adopted, 
the REs of V1, V2, and V3 were −0.83%, 0.58%, and 0.16%, 
respectively. This finding may be related to the fact that 
the update of the X-ray tube improved the effective flux 
utilization per unit of time. By rapidly changing kV and mA 
via digital cathodes, the output flux of the tube was rapidly 
increased to match the power of the high-energy field of 
view without compromising the large-angle sampling speed 
and spatial resolution performance, resulting in higher 
accuracy at a low tube current. 

When the precision of DECT was assessed, we found 
that the changes in relative SD (RSD) among different tube 
currents were greater at tube rotation speeds of 0.5 and 
0.6 s/r. Additionally, the RSD values at these tube rotation 
speeds were higher than those at 0.8 and 1.0 s/r under most 
tube current conditions. A possible cause of this finding was 
inadequate energy spectral data acquisition at excessively 
high tube rotation speeds. Therefore, tube rotation speeds 
of 0.8 or 1.0 s/r are recommended when measuring BMD 

using DECT.
This study compared 2 direct methods (DECT and 

QCT) for the in vivo measurement of BMD in clinical 
participants. Vertebral bodies mainly comprise bone 
minerals—with HAP being a representative material 
chemically similar to the human bone—water, medulla 
ossium rubra, and medulla ossium flava, which mostly 
contain fat. Therefore, we assessed the contents of HAP-
water and HAP-fat. During the QCT process, asynchronous 
QCT calibration was performed, which eliminated the 
need for a BMD calibration phantom. However, while 
researchers have recommended the use of DECT for the 
quantification of BMD, previous studies comparing BMD 
measurements obtained using DECT and dual-energy 
X-ray absorptiometry (DXA) have reported widely differing 
results.

Dong et al. (19) and Wichmann et al. (7) compared the 
performances of DECT and DXA for measuring BMD and 
concluded that DECT could be used to assess lumbar spine 
BMD. Another study reported that DECT showed more 
sensitivity to changes in BMD than did DXA and that the 
measurements of BMD using DECT and DXA were highly 
correlated (20). Conversely, Wesarg et al. (6) reported that 
DECT-derived BMD measurements had no correlation 
or were only moderately linearly correlated with DXA-
derived BMD measurements. The differences among the 
studies described above may be related to the fact that DXA 
measures the area BMD and cannot distinguish cancellous 
bone from cortical bone. Roski et al. (21) compared 
BMD measurements derived from DECT and QCT and 
suggested that DECT-based quantification of BMD is 
feasible and may be applied in clinical practice; however, as 
the study was performed using dual-layer spectral CT, the 
results were not applicable to fast-switching DECT.

Feasibility studies of in vivo ,  phantomless BMD 
assessments were separately performed by Booz et al. (22), 
who used dual-source DECT, and Liu et al. (23), who used 
FSDECT. Michalski et al. (24) and Bartenschlager et al. (25)  
have demonstrated the accuracy of phantomless BMD 
measurement. However, further research is needed due 
to the impact of improved technology on the accuracy of 
BMD measurements. In the present study, we performed 
a clinical, in vivo study of 310 vertebral bodies of 195 
participants after validating the accuracy of the new 
FSDECT measurements using a bone phantom. Multiple 
linear regression analysis was conducted with HAP-water, 
HAP-fat, and QCT-based BMD measurements. The results 
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indicated that the adjusted predicted HAP values, obtained 
after correction by multiple linear regression, significantly 
positively correlated with the QCT-based BMD values. 
The Bland-Altman plot also revealed that the 2 methods of 
measurement were highly consistent, which demonstrated 
the capability of the new FSDECT to accurately measure 
the BMD of vertebral bodies in vivo.

Previous research has shown that DECT is superior 
to conventional CT in differentiating between benign 
and malignant tumors and detecting disease, and DECT 
has been widely used in thoracic and abdominal scanning  
(26-29). DECT has other advantages, such as improving 
image quality and eliminating metal artifacts (30,31). 
Therefore, simultaneous osteoporosis screening can be 
performed during thoracic and abdominal CT to eliminate 
the need for additional radiation doses.

The present study has certain limitations. The design 
was retrospective, and the thoracic CT scan range differed 
among participants. Consequently, only a small number 
of L2 vertebral bodies were included in our analysis. 
The International Society for Clinical Densitometry 
recommends the use of mean L1–L2 values for diagnosis 
with QCT (32); the alternative use of the T12 and L3 
values is only recommended when assessment conditions 
are not satisfied by L1 and L2. Therefore, a larger number 
of L2 vertebral bodies should be included in assessment in 
future studies.

Conclusions

In conclusion, results of the phantom measurements 
indicate that the new FSDECT could achieve relatively 
high accuracy and precision for BMD measurement. 
The results of a subsequent clinical in vivo experiment 
demonstrated that vertebral BMD measurements derived 
from DECT and QCT were mostly consistent and highly 
accurate. Therefore, patients who undergo DECT for other 
clinical indications, such as oncology staging and workup in 
emergency presentations, can have their BMD determined 
simultaneously.
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