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Introduction: Early detection and treatment of osteoporosis through bone mineral density (BMD) measurement could aid in the 
prevention of osteoporosis-related fractures. We aimed to assess the parameter of dual-energy spectral CT (DesCT) consistency with 
BMD determination using quantitative computed tomography (QCT), thereby establishing a basis for further DesCT application for 
BMD determination.
Methods: We subjected the European spine phantom, which contains three vertebral bodies (V1, V2, and V3), to DesCT with 
different radiation doses. The basis material pairs were hydroxyapatite (water), calcium (water), and hydroxyapatite (fat). Additionally, 
the medical records of 152 patients who underwent QCT and DesCT for chest scans in a two-month period were reviewed to measure 
BMD values.
Results: No significant differences were found in the basis pair values of the V1, V2, or V3 vertebrae under different radiation doses 
in the phantom; in particular, the hydroxyapatite (water), hydroxyapatite (fat), relative error values of V1, V2, and V3 under different 
radiation doses were not significantly different (all p > 0.05). For patients, the hydroxyapatite (water), hydroxyapatite (fat), and 
hydroxyapatite (average) values measured by DesCT had a significant correlation with BMD measured by QCT Among 242 vertebrae 
(152 T12 and 90 L1 vertebrae), there was no significant difference between the BMD measured by QCT and the HAP (average) 
measured by DesCT (p = 0.071). The interclass correlation coefficient (ICC) value was 0.925 between the HAP (average) and HAP 
(average) with DesCT and BMD measured by QCT (p < 0.001). Bland-Altman diagram indicated that both measurements were in 
good agreement.
Discussion: We showed that BMD values measured by DesCT were stable and repeatable under different radiation doses. DesCT and 
QCT measurements of human BMD were highly correlated. Thus, DesCT-based BMD assessment of the spine in a clinical setting 
could be considered feasible.
Keywords: dual-energy spectral computed tomography, quantitative computed tomography, bone mineral density, European spine 
phantom, spine

Introduction
Osteoporosis is a common disease that primarily endangers the health of middle-aged and older adults. The most serious 
complication is bone fracture, which significantly affects the quality of life of older adults.1–3 In individuals over 50 
years, the lifetime risk of sustaining any fracture is approximately 50% for women and 20% for men in developed 
countries.4,5 Bone mineral density (BMD) measurement is an important indicator in osteoporosis diagnosis, fracture risk 
prediction, and treatment effect evaluation.6,7 Therefore, accurate and convenient BMD measurement is of great clinical 
and research interest.8,9

Dual-energy X-ray absorptiometry (DXA) and quantitative computed tomography (QCT) are considered the reference 
standards for BMD measurement.10 DXA is widely used owing to its low cost and radiation exposure. While DXA 
provides accurate BMD measurements in vitro (eg, vertebrae in homogeneous fluid),11 difficulties may arise, particularly 
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in older individuals in whom factors such as vascular calcification, scoliosis, and spinal degeneration could cause 
diagnostic inaccuracies. Moreover, DXA measures the entire vertebral body BMD and is unable to distinguish between 
cortical and cancellous bone.12,13

QCT has advantages over DXA owing to its three-dimensional nature and opportunistic exploitation of routine CT 
scans.14 However, QCT uses conventional mixed energy scanning, which could potentially be influenced by scanner 
instability, X-ray tube voltage, beam-hardening artefacts, and metal artefacts.15,16

In contrast to DXA and QCT, dual-energy spectral CT (DesCT) can reduce beam hardening primarily through 
pseudo-monochromatic imaging.17,18 Moreover, it can be used for BMD measurement with bone separation technology, 
which has attracted considerable attention recently. Wesarg et al19 demonstrated that DesCT permits the assessment and 
three-dimensional display of spatial BMD distribution, facilitating a more detailed evaluation of local bone solidity than 
DXA. Some studies14,21,25 have reported the application of dual-energy computed tomography for the BMD measure
ment; however, the conclusions were different and the complex calculation process related to BMD of the dual-energy 
CT limits its clinical application.

Thus, this study aimed to evaluate the stability and reproducibility of DesCT material separation technology in 
measuring the BMD of the European Spine Phantom (ESP). We also aimed to assess the parameter of DesCT consistency 
with BMD determination using QCT and provide a basis for further DesCT application for BMD determination.

Materials and Methods
Phantom Materials
This study measured and analysed the European spine phantom (ESP) (No. 145, Orm Bergold Chemie GmbH & Co. KG, 
Bochum, Germany). The ESP comprises plastic made of epoxy resin and hydroxyapatite (HAP), which is equivalent to 
water and solid bone material composition, including three trabeculae of unequal BMD. Three vertebrae with different 
cancellous bone densities were recorded from top to bottom, namely, V1, V2, and V3. The cancellous bone HAP content 
in the three vertebral bodies was 50 mg/cm3, 100 mg/cm3, and 200 mg/cm3, respectively. According to the manufac
turer’s protocol, two parameters (ie, HAP (water) and HAP (fat) values) were selected and measured at different radiation 
doses. These values were then compared with the actual values to assess their accuracy as BMD measurement 
parameters.

Patients
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 (approval number: KY-2021-0112). Owing to the retrospective nature of 
this study, the requirement for informed consent was waived. Consent for image publication was not necessary for 
photographs were completely unidentified and there were no details on persons mentioned within the text. Continuous 
inpatient electronic medical records at the Department of Radiology, The First Affiliated Hospital of Zhengzhou 
University, were reviewed for patients who underwent QCT and DesCT for chest scans between February 1, 2021, 
and March 31, 2022; the interval between the two examinations was no more than two months. After a detailed 
evaluation using the inclusion and exclusion criteria, we included 152 patients in this study. The participants’ demo
graphic characteristics before scanning were recorded. The exclusion criteria were spinal tumours, tumour-like lesions or 
infections, fractures, surgery, multiple vertebral internal fixations, bone cement, severe degenerative changes, bone 
deformities, and hematologic disorders.

Scanning Methods
Scanning of the Phantom
We used a GE Revolution 256-row CT scanning device (GE Healthcare, Chicago, IL, USA) for all phantom experiments. 
The phantom was placed on the scanning bed and analysed using the energy spectrum scanning mode. The pitch was 0.984:1, 
and the tube voltage was instantaneously switched between high and low energy (140/80 kVp). During the scanning, three 
radiation dose grades were selected. Table 1 shows the scanning parameters corresponding to the three radiation doses. 
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Scanning was repeated 10 times under the same conditions. The recombination layer thickness and spacing were set as 
0.625 mm. The reconstructed data were transferred to the GE AW4.7 workstation (GE Healthcare) for measurement.

Human Vertebral Body Scanning
We used the same GE Revolution 256-row CT scanning device to perform QCT and DesCT scans. All examinations of 
enrolled participants were performed simultaneously with a bone density calibration phantom placed beneath the spine. 
Table 2 shows the detailed scanning parameters of the QCT and DesCT.

Data Measurement for the Bone Phantom and Patients
The phantom measurement was obtained as follows. An attending physician who was unaware of the true value of the phantom 
vertebra used the Gemstone Spectral Imaging (GSI) Viewer (GE Healthcare) to measure the phantom at the GE AW4.7 
workstation. When measuring the phantom, a circular region of interest (ROI) was set at the median plane of the vertebral body, 
with an area of 408.42 mm2 (Figure 1), and as much cancellous bone in the plane was included as possible, avoiding areas with 
high BMD, such as the cortical bone and its pedicle. The same ROI was measured twice, and the average value was recorded. 
A formula was used to calculate the relative error (RE): RE = (measured value - true value)/true value × 100.

The patient measurements were obtained as follows. Two attending physicians performed the measurements at the 
QCT Pro (Mindways QCT Pro; Mindways Software, Inc., Austin, TX, USA) and GE AW4.7 workstations separately. 
During the GSI measurement, the upper, middle, and lower levels of the vertebral body were selected as ROIs to 
determine HAP (water) and HAP (fat) values using the GSI software. The ROI size was 2/3 of the vertebral body size 
and was selected to avoid structures, such as bone islands and the vertebral venous plexus. The average of the three ROI 
values was calculated and the HAP (water) and HAP (fat) average values were recorded as HAP (average). For the QCT 
measurement, data were transferred to the QCT Pro analysis software (Mindways Software, Inc.). The patients’ 
information was verified. The T12, L1 and L2 vertebrae were identified (Figure 2) and scan analysis performed according 
to the manufacturer’s instructions. During the abovementioned measurements, workstation software tools were adapted 
for automatic analysis, including automatic functions, detection of boundaries, and generation of ROIs, unless obvious 
errors were observed perioperatively.

Table 1 Scanning Parameters Corresponding to the Three Radiation Doses of the Phantom Scanning

Tube Voltage (kVp) Tube Rotation Speed (s/rot) Tube Current (mA) CTDIvol (mGy)

80/140 0.8 230 9.09
80/140 0.8 315 12.52

80/140 1.0 315 15.46

Abbreviation: CTDIvol, volume computed tomography dose index.

Table 2 Scanning Parameters of the QCT and Dual-Energy Spectral CT of the Patients

CT Parameter QCT Dual-Energy Spectral CT

Tube voltage (kVp) 120 80/140

Tube current (mA) 100 230

Pitch 0.984:1 0.984:1
Tube speed (s/rot) 0.8 0.8

Display field of view (mm) 50 NA

Bed height (mm) 154.4 NA
Recombination layer thickness (mm) 0.625 0.625

Abbreviations: CT, computed tomography; QCT, quantitative computed tomography.
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Statistical Analyses
SPSS 21.0 statistical software (IBM Corp., Armonk, NY, USA) was used for the statistical analyses. For the ESP data, 
one-way analysis of variance was used to compare the HAP (water) and HAP (fat) values of the V1, V2, and V3 
vertebrae under different radiation doses. A one-sample t-test was used to compare the measured value with the true 
value of the corresponding phantom vertebra. For patient data, the Pearson correlation test was used to analyse the 
correlation between the QCT and DesCT measurement results; a paired t-test was used to analyse whether there was 
a difference in the structural averages measured by the two methods; and an interclass correlation coefficient (two-way 
random model, consistency type) and the Bland-Altman plot were used to analyse the consistency between methods. 
P < 0.05 was considered statistically significant.

Results
Phantom Results
Lumbar HAP (Water) and HAP (Fat) Values Under Different Radiation Doses
The HAP (water) and HAP (fat) values of V1, V2, and V3 under different radiation doses were not significantly different 
(n = 10; p > 0.05) (Table 3).

HAP (Water) and HAP (Fat) Values Compared with Actual Values 
As shown in Table 4, the RE values of V1, V2, and V3 under different radiation doses were not significantly different 
(n = 10; p > 0.05) according to the RE ([measured value - true value]/true value × 100%). These data demonstrated that 
through phantom analysis, DesCT values were stable and repeatable under different radiation doses when measuring the 
substance content.

Human Results
In total, 152 patients were enrolled between February 1, 2021, and March 31, 2022. The average age of the enrolled 
patients was 55.49 years (range 18–96 years); 46.1% were men. All patients underwent QCT and DesCT for chest scans. 
The interval between the two examinations was two months or less.

BMD Measurement Results of the Two Methods and Their Correlation
The T12 vertebral BMD measured by QCT was 122.61 ± 33.74 mg/cm3, and the HAP (water) and HAP (fat) values of 
the corresponding area measured by DesCT were 103.36 ± 32.91 mg/cm3 and 139.86 ± 31.15 mg/cm3 (compared with 

Figure 1 When measuring the phantom, a circular region of interest (bluey-green circle) was set at the median plane of the vertebral body, with an area of 408.42 mm2.
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BMD values measured by QCT, both p < 0.01), respectively. However, there was no significant difference between BMD 
measured by QCT and HAP (average) measured by DesCT (p > 0.05). All HAP (water), HAP (fat), and HAP (average) 
values measured by DesCT had significant correlations with BMD measured by QCT at the T12 vertebral body 
(correlation coefficients: 0.860, 0.880, and 0.932, respectively; all p < 0.01).

Among the 152 patients who underwent chest scanning, 90 had images from the lower part of the L1 vertebral body 
(38 men, 52 women). The L1 vertebral BMD measured by QCT was 120.93 ± 33.45mg/cm3, and the HAP (water) and 
HAP (fat) values of the corresponding area measured by DesCT were 100.11 ± 30.00 mg/cm3 and 137.64 ± 28.14 mg/ 
cm3, respectively (both p < 0.01). There was no significant difference between the BMD measured by QCT and the HAP 
(average) measured by DesCT at the L1 vertebral body (p > 0.05). Moreover, all HAP (water), HAP (fat), and HAP 
(average) values measured by DesCT had strong correlations with BMD measured by QCT at the L1 vertebral body 
(correlation coefficients: 0.928, 0.936, and 0.934, respectively; all p < 0.01). The DesCT results, QCT BMD measure
ments, and statistical analysis were shown in Table 5.

Figure 2 Measurement of the bone mineral density of T12, L1 and L2 with Mindways quantitative computed tomography pro system. (A) Volume rendering view of 
a quantitative computed tomography scan. (B) Positioning of the sagittal and axial views for subsequent automatic placement of region of interest (ROIs). (C) ROIs shown as 
red ellipse in axial view and yellow rectangle in sagittal view.
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Evaluation of Consistency Between QCT and DesCT in BMD Measurement
Among the 242 vertebrae (152 T12 and 90 L1 vertebrae), there was no significant difference between the BMD measured 
by QCT and the HAP (average) measured by DesCT (p = 0.071). The 242 vertebrae were divided into three groups 
according to BMD as measured by QCT: osteoporosis group, (BMD < 80 mg/cm3), osteopenia group (80 mg/cm3 ≤ 
BMD ≤ 120 mg/cm3), and normal bone mass group (BMD >120 mg/cm3). BMD measured by QCT was 68.80 ± 
10.65 mg/cm3 for the osteoporosis group and 148.38 ± 20.13 mg/cm3 for the normal group, compared with a HAP 

Table 3 Lumbar HAP (Water) and HAP (Fat) Values of the Phantom Under Different Radiation Doses

Vertebra Basis Material Pairs Substance Content (mg/cm3), Mean ± SD p-value

9.09 mGy 12.52 mGy 15.46 mGy

V1 HAP (water) 49.61 ± 2.87 48.93 ± 2.71 49.34 ± 1.86 0.831

HAP (fat) 87.41 ± 4.14 85.72 ± 2.67 84.65 ± 0.97 0.193
V2 HAP (water) 99.17 ± 1.72 99.16 ± 1.72 99.12 ± 1.30 0.515

HAP (fat) 136.89 ± 3.87 136.26 ± 1.49 134.65 ± 1.65 0.556

V3 HAP (water) 189.01 ± 3.84 189.00 ± 2.19 188.42 ± 3.51 0.898
HAP (fat) 223.73 ± 5.28 221.11 ± 5.55 219.70 ± 4.79 0.233

Note: n = 10 per group. 
Abbreviations: HAP, hydroxyapatite; SD, standard deviation.

Table 4 Comparison of HAP (Water) and HAP (Fat) Values with the Actual Values

Vertebra Basis Material Pairs 9.09 mGy 12.52 mGy 15.46 mGy p-value

Relative Error (%) Relative Error (%) Relative Error (%)

M IQR M IQR M IQR

V1 HAP (water) 4.18 (1.92, 7.67) 4.06 (1.56, 7.68) 1.96 (0.44, 3.87) 0.195

HAP (fat) 73.28 (68.83, 80.65) 70.03 (68.08, 76.15) 67.16 (65.01, 75.90) 0.306

V2 HAP (water) 1.78 (1.26, 2.07) 1.41 (0.85, 2.67) 1.43 (0.46, 1.93) 0.581
HAP (fat) 35.97 (33.84, 40.60) 36.41 (35.41, 37.08) 34.56 (33.63, 35.16) 0.115

V3 HAP (water) 5.14 (4.18, 7.40) 5.76 (4.60, 6.37) 5.67 (4.76, 6.30) 0.894

HAP (fat) 11.99 (10.29, 13.82) 10.39 (7.78, 13.35) 10.31 (8.04, 11.46) 0.258

Note: n = 10 per group. 
Abbreviations: M, median; IQR, interquartile range; HAP, hydroxyapatite.

Table 5 Comparison of Bone Mineral Density Measurement Results Between QCT and Dual-Energy Spectral 
CT in Patients

BMD of Dual- 
Energy Spectral CT 
(mg/cm3)

BMD of QCT 
(mg/cm3)

Paired 
t-Test

Pearson 
Correlation 
Efficient

P-value R value P-value

T12 (n = 152) HAP (water) 103.358 ± 32.908 < 0.001 0.860 < 0.001

HAP (fat) 139.857 ± 31.152 122.610± 33.745 < 0.001 0.880 < 0.001
HAP (average) 121.608± 29.900 0.191 0.932 < 0.001

L1 (n = 90) HAP (water) 100.110 ± 30.005 120.931 ± 33.455 < 0.001 0.928 < 0.001
HAP (fat) 137.639± 28.140 < 0.001 0.936 < 0.001

HAP (average) 118.875 ± 29.018 0.083 0.934 < 0.001

Abbreviations: BMD, bone mineral density; CT, computed tomography; HAP, hydroxyapatite; QCT, quantitative computed tomography.
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(average) as measured by DesCT of 76.15 ± 12.12 mg/cm3 and 142.96 ± 18.72 mg/cm3, respectively; the differences 
were significant (both p < 0.01). However, there was no significant difference between BMD measured by QCT (101.84 
± 12.00 mg/cm3) and HAP (average) (102.61 ± 12.00 mg/cm3) measured by DesCT for the osteopenia group (p = 0.264). 
The DesCT results, QCT BMD measurements, and statistical analysis are shown in Table 6.

The interclass correlation coefficient (ICC) value was 0.925 between the HAP (average) by HAP (average) with 
DesCT and BMD measured by QCT (p < 0.001). We used the mean value of the BMD measured by HAP (average) with 
DesCT and BMD measured by QCT as the abscissa, the difference of BMD measured by HAP (average) with DesCT and 
BMD measured by QCT as the ordinate, and mean difference ± 1.96 times the standard deviation (d ±1.96SD) as the 
consistency limit to draw the Bland-Altman diagram. Figure 3 showed that most of the differences were within the 
consistency limit, indicating that both measurements were in good agreement.

Table 6 Comparison of Bone Mineral Density Measurements Between QCT and Dual-Energy Spectral CT for 
Different Groups

All Vertebrae (n = 242) Normal (n = 126) Osteopenia (n = 87) Osteoporosis (n = 29)

HAP (average) 120.591 ± 29.5444 142.955± 18.720 103.013 ± 13.331 76.157 ± 12.118

BMD (QCT) 121.986 ± 33.464 148.220 ± 20.019 101.721 ± 11.878 68.799 ± 10.651

t −1.811 −4.904 1.125 4.909
p 0.071 <0.001 0.264 <0.001

Notes: All vertebrae: 242 vertebrae with no grouping. Groups: osteoporosis, BMD < 80 mg/cm3; osteopenia, 80 mg/cm3 ≤ BMD ≤ 120 mg/cm3; 
normal, BMD >120 mg/cm3. 
Abbreviations: BMD, bone mineral density; QCT, quantitative computed tomography; BMD (QCT), BMD measured by QCT; HAP, hydro
xyapatite; HAP (average), the mean of HAP (water) and HAP (fat).

Figure 3 Bland–Altman plot showing the data of 242 vertebral bodies of 152 patients. The solid line denotes the mean difference between HAP(average) and QCT-based 
BMD values, and the dotted lines represent the 95% limits of agreement (mean differences ± 1.96 (SD)). The mean of HAP (average) and QCT-based BMD value is plotted on 
the x-axis, and the difference between the two values (HAP (average) –QCT-based BMD) is plotted on the y-axis. The mean difference d = −1.39 (95% CI: −2.95, 0.16), 
standard deviation (SD) = 12.28 mg/cm3, and d ± 1.96SD were 22.68 mg/cm3 and −25.46 mg/cm3, respectively, indicating a high level of consistency between the two 
measurement methods. Green, red, and blue circles represent osteoporosis, osteopenia, and normal group, respectively. 
Abbreviations: BMD, bone mineral density; CI, confidence interval; HAP (average), the mean of HAP (water) and HAP (fat); QCT, quantitative computed tomography; SD, 
standard deviation.
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Discussion
This study first measured and analysed the ESP, which comprised epoxy resin and HAP. We confirmed that the HAP 
(water) and HAP (fat) values of the same vertebra under different radiation doses were not significantly different, 
providing an experimental basis for future low-dose scanning. Our results also demonstrated that under different radiation 
doses, there was no significant difference in the RE between HAP (water), HAP (fat), and the true value, suggesting that 
the substance content measured by DesCT is stable under different radiation doses.

Previous studies20,21 have reported that DesCT can be used to measure BMD; however, differences in the methodol
ogies used exist between studies. We used energy spectrum imaging technology to scan the ESP and explore the accuracy 
of DesCT in measuring spine BMD in patients to lay the foundation for clinical application.

Material separation technology is a major feature of DesCT, and is based on the principle that the X-ray absorption 
characteristics of any tissue in the human body can be expressed by the other two basis materials.22 The main component 
of the lumbar vertebrae is HAP, which largely determines the BMD and reflects bone strength.23 The main components of 
ESP used in this study, namely, HAP and epoxy resin, are equivalent to HAP and water.

QCT is widely used to measure BMD in vivo.24 Therefore, we compared HAP (water), HAP (fat), and HAP (average) 
by DesCT with BMD measured by QCT. In this study, the HAP (water) value measured by the DesCT material 
separation technology was lower than that of the corresponding area by QCT, which is consistent with the results of 
Mei et al.25 The in vivo measurement of QCT BMD is affected by the vertebral body’s fat content,26 while the energy 
spectrum material separation technology uses HAP (water) as the basis material to measure BMD. However, the actual 
vertebral composition is complicated and includes not only HAP and water but also fat, a collagen matrix, and other 
substances; HAP content measured by energy spectrum material separation is also affected by other substances in the 
vertebra. Considering that the fat content of the bone marrow is closely related to BMD,27,28 we measured HAP (fat) to 
evaluate BMD. Our results demonstrate that although HAP (water) and HAP (fat) measured by DesCT were significantly 
different from BMD values measured by QCT, there was no significant difference between BMD values and HAP 
(average).

The BMD values of cancellous bone measured with HAP (water), HAP (fat), and HAP (average) via the DesCT 
material separation method were significantly linearly correlated with BMD measured by QCT. The interclass correlation 
coefficient of the two measurements was significant, consistent with the results obtained by Mei et al,25 indicating that 
cancellous BMD determined by the rapid kV-switching energy spectrum material separation method can be used for 
BMD evaluation.

Similar to our study, a study by Zhou et al14 evaluated the feasibility and accuracy of phantomless in vivo DesCT- 
based BMD quantification in comparison with QCT. However, unlike those authors, who performed linear regression 
analysis to measure the BMD values, we obtained the data through direct measurement, which is clinically convenient 
and fast, has low requirements on the measurer, and can be widely used in clinical settings. This study further grouped by 
BMD measured by QCT and found that HAP (average) measure by the DesCT was not significantly different from QCT 
in the diagnosis of osteopenia. Although the differences between DesCT and QCT were significant in the osteoporosis 
group, but the diagnostic consistency between the two methods was good. In the normal group HAP (average) measure 
by the DesCT lower than the BMD measured by QCT, which may make the DesCT more sensitive than QCT for 
osteopenia in the normal group. Therefore, it is appropriate to use HAP (average) to screen for osteoporosis in clinical 
work.

This study has certain limitations. First, when scanning the phantom for different radiation dose settings, three grades 
for the GSI mode were selected (low, medium, and high grade). There was no other energy grade paired. The 
measurement results could potentially be different if we were to use an ultra-low or ultra-high dose grade. Second, 
only human T12 vertebrae and L1 vertebrae were measured. Therefore, the measurement and analysis results of human 
T12 and L1 vertebrae still need further confirmation with other human vertebra specimens or in vivo studies. Third, there 
is no further classification of the population by age or sex. In future studies, it would be beneficial for the sample size to 
be expanded, further classified, and compared.
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Thus, this phantom study confirmed the stability and good repeatability of the DesCT measurement of HAP. 
Moreover, the patients’ data demonstrated that DesCT can be used to predict BMD, and that HAP (average) can replace 
the QCT value, which requires larger sample sizes to confirm. As previous studies have shown, DesCT has many 
applications for chest and abdomen scanning, and has advantages over conventional CT in disease detection, disease 
diagnosis, and differentiation of benign and malignant tumours.29–33 DesCT also has advantages in improving image 
quality and eliminating metal artefacts.34,35 The diagnostic consistency between the between the HAP (average) values 
measured by DesCT and the BMD values measured by QCT was good. Therefore, we suggest that doctors can procure 
both image and BMD data in one scan with DesCT without the associated risks of additional radiation doses, which can 
greatly benefit the patient.

Conclusions
In conclusion, DesCT measurement of the phantom BMD was stable and repeatable under different radiation doses. The 
diagnostic consistency between the DesCT and QCT was good. We demonstrated the feasibility of DesCT-based BMD 
assessment of the spine in a clinical setting.
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