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Background: The early detection and treatment of osteoporosis can help prevent osteoporosis-related 
fractures, especially in patients who undergo enhanced computed tomography (CT) scans for disease 
diagnosis or evaluation of treatment outcomes. Although Hounsfield unit (HU) measurement of the 
vertebral body has been shown to have a strong positive correlation with bone mineral density (BMD), the 
contrast media will impact the CT value of the vertebral body and decrease the accuracy. This study is aimed 
to examine the distinctions in vertebral body CT attenuation measurement on true unenhanced (TUE) and 
virtual unenhanced (VUE) images generated from triphasic enhanced dual-energy CT (DECT) scans and 
to determine the feasibility of assessing BMD and detecting osteoporosis on VUE images as compared to 
quantitative CT (QCT).
Methods: A total of 235 patients underwent abdominal CT examinations that included unenhanced (with 
120 kVp and Smart mA) and triphasic enhanced DECT scans. The BMD and CT attenuation values of 
the L1–L2 vertebrae were measured on TUE and VUE images reconstructed from the triphasic enhanced 
CT. The differences and associations between TUE and VUE generated from triphasic enhanced CT were 
analyzed. The diagnostic performances of HU measurements obtained from TUE and VUE images were 
evaluated using receiver operating characteristic curve.
Results: The BMD and HU measurements of the vertebrae showed good interobserver repeatability on 
both TUE and VUE images (all intercorrelation coefficients >0.92). The CT attenuation values of L1 and 
L2 and their average value showed no statistically significant difference among the triphasic VUE images 
(F=0.121, F=0.061, F=0.090; all P values >0.05) but were significantly lower than those obtained from the 
TUE images. HU measurements in both the TUE and triphasic VUE images, along with the reference 
BMD derived from QCT, demonstrated a strong positive correlation (rTUE =0.981, rVUEa =0.966, rVUEv =0.962, 
rVUEd =0.964; all P values <0.05), with excellent diagnostic performance for the diagnoses of osteoporosis and 
osteopenia (all areas under curve >0.95). The Bland-Altman scatter plot exhibited good agreement, as the 
deviations between the reference BMD and the calculated BMD were evenly distributed around 0.
Conclusions: Although the attenuation values of the vertebrae on the VUE images were underestimated 
compared to those on the TUE images, the HU measurement on VUE image was effective in assessing 
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Introduction

Osteoporosis is a prevalent chronic metabolic bone disease 
that is often underdiagnosed (1). It poses a significant health 
problem for individuals aged over 50 years, particularly older 
adults and postmenopausal women (2). Unfortunately, most 
patients only receive a diagnosis once they begin experiencing 
clinical symptoms such as pain, spinal deformation, and 
fractures. This delay in diagnosis can hinder the effectiveness 
of osteoporosis prevention and treatment. With the aging 
population, the incidence of osteoporotic fractures is expected 
to rise significantly, from 1.9 million in 2018 to 3.2 million 
in 2040 (3). This surge in incidence is directly linked to a 
significant rise in the costs associated with medical treatment 
and fractures (4). Substantial increase in expenditure places 
a significant economic burden on individuals and society as 
a whole.

Dual-energy X-ray absorptiometry (DXA) is the gold 
standard for the clinical diagnosis of osteoporosis. However, 
this technique solely measures areal bone mineral density 
(BMD) which may be erroneously elevated due to factors 
of degenerative changes such osteophytes and overlapping 
anatomy (5,6). Compared to DXA, quantitative computed 
tomography (QCT) possesses more advantages in the early 
screening of osteoporosis (7). It measures the volumetric 
BMD of spongy bone, which allows for quantitative 
analysis and the exclusion of spinal degenerative changes 
and vascular calcification from BMD assessment (8). QCT 
is also a reference standard for the accurate diagnosis of 
osteoporosis. However, due to the requirement of dedicated 
measurement equipment, additional radiation exposure, 
and economic costs, QCT is not widely used. There is thus 
a pressing need to find a safe and cost-effective method for 
the opportunistic screening of osteoporosis.

Hounsfield unit (HU) measurement of the vertebral body 
has been shown to have a strong positive correlation with 
BMD and provides high-quality diagnostic information 
for clinicians, while involving no additional radiation 
exposure or economic cost to the patient (9-11). Although 

HU measurement is not influenced by calcification or 
osteophyte islands, it is susceptible to scanning parameters 
and contrast media injection protocols. A retrospective 
study by Pickhardt et al. (12) investigated the effect of iodine 
contrast media on CT attenuation values of the vertebral 
body and found that the CT value of the L1 vertebral body 
increased by 11.2±19.2 HU on enhanced CT compared to 
unenhanced CT. Therefore, it is not appropriate to use the 
original diagnostic threshold to distinguish osteoporosis 
from normal BMD. Additionally, the role of different 
iodine contrast media intake values has not been taken into 
consideration. Patients with different diseases, especially 
those with malignant tumors, often undergo multiple 
contrast-enhanced scans for disease staging and efficacy 
evaluation, but no unenhanced images are available for these 
cases. Individuals with malignant tumors may lose bone 
faster than many others because of lifestyle or treatment, 
and opportunistic screening with available imaging data 
could be beneficial (13,14). Compared with conventional 
CT, dual-energy CT (DECT) can separate different 
substances by collecting high- and low-energy information. 
The material separation algorithm can identify an iodine 
contrast medium and virtually eliminate its influence to 
obtain virtual unenhanced (VUE) images (15). Previous 
studies have demonstrated that VUE images can serve as 
a potential surrogate for true unenhanced (TUE) images 
in the identification of certain tissues or lesions (liver, 
kidney, and fatty liver assessment), reducing the radiation 
dose administered to patients (16-18). However, for HU 
measurements in vertebrae, the association and differences 
between VUE images generated from triphasic enhanced CT 
and TUE images have not been well established. Therefore, 
the purpose of this study was dual: first, we investigated the 
differences between vertebral HU measurements on VUE 
images generated from triphasic enhanced CT scans and 
TUE images; second, we aimed to determine the feasibility 
of assessing BMD and detecting osteoporosis on VUE 
images via a comparison to QCT.

BMD and detecting osteoporosis and osteopenia with good diagnostic performance.
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Methods

Study population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013), and the 
prospective single-center exploratory study design was 
approved by the Ethics Committee of First Affiliated 
Hospital of Dalian Medical University (approval No. 
PJ-KS-KY-2022-43).  All  patients provided signed 
informed consent for use of their CT images. A total of 
468 consecutive patients who underwent abdominal CT 
examinations that included TUE and triphasic enhanced 
CT scans (arterial, portal venous, and delayed phases) 
between June 2022 and March 2023 were enrolled. Patients 
with any of the following conditions were excluded: (I) 
previous vertebral surgery with metal implants (n=68), (II) 
use of certain medication such as oral corticosteroids or 
anti-osteoporotic drugs (n=19), (III) with L1–L2 vertebral 
spinal deformity and high calcification (n=90), (IV) with 
L1–L2 vertebral fracture or focal lesions (n=50), and (V) 
contraindications to iodine contrast medium (n=6). Figure 1 
shows a flowchart of the study population.

Images acquisition

All CT scans were performed on a 256-row fast-switching 
DECT scanner (Revolution CT, GE HealthCare, Chicago, 
IL, USA). The TUE images were acquired using a fixed 

tube voltage of 120 kVp and Smart mA (noise index: 10), 
while triphasic enhanced CT scans were performed using 
the gemstone spectral imaging (GSI) mode with fast tube 
voltage switching between 80 and 140 kVp and a tube 
current of 400 mA. Other scanning parameters were kept 
constant, including a detector coverage of 80 mm, rotation 
speed of 0.5 s/r, pitch of 0.992:1, scanning slice thickness 
and slice interval of 5 mm, and matrix of 512×512. In 
each patient, the scan length, volumetric CT-dose index 
(CTDIvol) and dose-length product (DLP) were recorded.

For the enhanced CT scans, a nonionic contrast medium 
(ioversol 320 mgI/mL; Jiangsu Hengrui Pharmaceutical 
Co., Ltd., Lianyungang, China) was administered via the 
median cubital vein at a flow rate of 3–4.5 mL/s. The 
volume of the contrast medium was determined based 
on the patient’s body weight at 500 mgI/kg. Following 
completion of the contrast injection, 30 mL of saline was 
injected at the same flow rate. Arterial phase scanning was 
performed using a threshold of 180 HU in the descending 
aorta and a delay of 5.9 seconds. Portal venous and delayed 
phases were acquired 60 and 150 seconds after the arterial 
phase, respectively. The asynchronous phantom was 
scanned every week using the same scanning parameters for 
quality assurance to precisely assess the BMD.

Image reconstruction

The TUE images were reconstructed in the axial plane 

Patients underwent abdominal CT examinations that included 
unenhanced and triphasic enhanced CT between June 2022 and 

March 2023 (n=468)

Exclusion criteria:
1.	 Previous vertebral surgery with metal implants (n=68)
2.	 Using some medication such as oral corticosteroids or 

anti-osteoporotic (n=19)
3.	 L1–L2 vertebral spinal deformity and high calcification 

(n=90)
4.	 L1–L2 vertebral fracture or focal lesions (n=50)
5.	 With contraindications of iodine contrast media (n=6)

A total of 235 patients were finally collected, including 136 males 
(mean age: 62.71±9.38 years) and 99 females  

(mean age: 60.81±10.40 years)

Osteoporosis (n=40) Normal BMD (n=102)Osteopenia (n=93)

Figure 1 A flowchart of participant enrollment. CT, computed tomography; BMD, bone mineral density.
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with a standard kernel and 40% adaptive statistical iterative 
reconstruction-Veo (ASIR-V) at a 1.25-mm thickness and 
interval. Subsequently, the images were transferred to a 
QCT Pro workstation (QCT pro v. 6.1, Mindways Software, 
Inc., Austin, TX, USA) and the Advantage Workstation 4.7 
dedicated to postprocessing (GE HealthCare) for BMD and 
HU measurements. The VUE images of arterial (VUEa), 
portal venous (VUEv), and delayed (VUEd) phases were 
automatically generated from the CT console. The kernel, 
the level of ASIR-V, reconstruction thickness, and interval 
were the same as those used for TUE images.

BMD assessment and HU measurement

To assess the BMD of the L1–L2 vertebrae, an oval volume 
of interest (VOI) was manually placed on the axial plane 
using the QCT Pro workstation (Mindways Software, Inc.). 
The VOI covered approximately two-thirds of the centrum, 
with a depth of 9 mm. Areas with bone islands, cortical 
bone, vertebral venous plexus, and osteosclerotic artifacts 
were excluded from the VOI as much as possible. According to 
the relevant application guidelines for clinical BMD assessment 
(19,20), osteoporosis was identified as a BMD below  
80 mg/cm3, osteopenia as a BMD between 80 and 120 mg/cm3,  
and normal status as a BMD above 120 mg/cm3.

HU measurements of the L1–L2 vertebrae were 
conducted on the triphasic VUE images on the Advantage 
Workstation 4.7. The region of interest (ROI) was placed 
on the cancellous bone, carefully avoiding abnormal density 
artifacts and calcification. The copy-paste function was 
used to ensure consistent ROI locations for each phase. 
Statistical analysis was performed by calculating the average 
BMD and CT attenuation values.

To test the interobserver repeatability, a total of 100 
patients were selected randomly, and the BMD and CT 
attenuation values were measured independently by a 
junior radiologist with 4 years of diagnostic experience in 
musculoskeletal radiology and a senior musculoskeletal 
radiologist with 10 years of diagnostic experience. If 
the interobserver repeatability was deemed satisfactory, 
the remaining measurements were carried out by the 
junior radiologist under the supervision of the senior 
musculoskeletal radiologist.

Statistical analysis

Data analysis was conducted using SPSS 24.0 (IBM Corp., 

Armonk, NY, USA) and MedCalc version 20.022 (MedCalc 
Ltd., Ostend, Belgium). The normality of data was tested 
using the Kolmogorov-Smirnov test, and continuous data 
are presented as mean ± standard deviation. The intraclass 
correlation coefficient (ICC) was used to assess the 
interobserver agreement for BMD and HU measurements 
(<0.40, fair; 0.41–0.60, moderate; 0.61–0.80, good; >0.81, 
excellent). Differences between VUEa, VUEv, and VUEd 
were compared using 1-way analysis of variance (ANOVA), 
while differences between TUE and VUE derived from 
triphasic enhanced CT were assessed using the Student’s 
t-test. The Pearson or Spearman correlation test was used 
to examine the association between the TUE, VUE, and 
BMD, and the regression equations were established to 
predict BMD. The agreement between the calculated 
BMD derived from TUE and triphasic VUE images and 
the reference BMD was assessed using Bland-Altman 
plots. Diagnostic accuracy was evaluated using receiver 
operating characteristic (ROC) curves, and the difference 
in the area under the curve (AUC) was compared using the  
DeLong test.

Results

Study population

A total of 235 patients, comprising 136 males (mean 
age: 62.71±9.38 years) and 99 females (mean age:  
60.81±10.40 years), were enrolled in this study. According 
to the application guidelines (19,20), there were 40 cases 
of osteoporosis, 93 cases of osteopenia, and 102 cases of 
normal bone mass, as presented in Figure 1. The average 
scanning length was 427.44±102.84 cm; the CTDIvol 
and DLP of the conventional 120-kVp unenhanced 
CT were 9.04±3.34 mGy and 396.79±192.73 mGy∙cm, 
respectively; and the CTDIvol and DLP of arterial, venous, 
and delayed phases on the GSI mode were 11.98 mGy and 
512.07±123.21 mGy∙cm, respectively.

Comparison of vertebral body CT values between the TUE 
and triphasic VUE images

The BMD and HU measurements of the vertebral body 
showed good interobserver repeatability on both TUE and 
VUE images (all ICCs >0.92). No statistically significant 
differences were observed in CT attenuation values 
measured from the L1–L2 vertebrae and the average CT 
values among the 3-phase VUE images. However, the CT 
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attenuation values of the vertebral body measured on the 
VUE images were significantly lower than those obtained 
from the TUE images (Tables 1,2). The HU measurements 
in both the TUE and triphasic VUE images, along with 
the reference BMD derived from QCT, showed a strong 
positive correlation (rTUE =0.981, rVUEa =0.966, rVUEv =0.962, 
rVUEd =0.964; all P values <0.05), with corresponding 
adjusted R2 values of 0.963, 0.932, 0.925, and 0.930 on 
TUE and triphasic VUE images, respectively. The linear 

equations are presented in Figure 2.

Diagnostic performance analysis of HU measurements on 
the VUE images

The CT values of the vertebral body obtained from the 
TUE and triphasic VUE images were used to diagnose 
osteoporosis and osteopenia according to the QCT 
reference standard. The AUC for osteoporosis diagnosis 
was 0.997 [95% confidence interval (CI): 0.978–1.000] for 
the TUE images and 0.988 (95% CI: 0.964–0.998), 0.979 
(95% CI: 0.952–0.993), and 0.982 (95% CI: 0.956–0.995) 
for the  VUEa, VUEv and VUEd images. The DeLong test 
demonstrated a statistical difference between the TUE and 
triphasic VUE images (Table 3).

For osteopenia diagnosis, the AUC was 0.989 (95% 
CI: 0.963–0.999) for the TUE images and 0.971 (95% CI: 
0.936–0.990), 0.969 (95% CI: 0.934–0.988), and 0.971 (95% 
CI: 0.937–0.990) for the VUEa, VUEv and VUEd images. 
A DeLong test paired comparison revealed a statistical 
difference in measurement between the TUE and the VUE 
reconstructed from the venous phase (Table 4). The ROC 
curves are presented in Figure 3.

In addition, we conducted a comparative analysis to 
evaluate the diagnostic accuracy of identifying osteoporosis 
and osteopenia in TUE and triphasic VUE images. The 
results from the DeLong test indicated that there was no 
statistically significant difference (Table 5).

The agreement analysis between the reference and 
calculated BMD

The predicted BMD was calculated using the linear regression 
equations of TUE and the triphasic VUE images obtained. 
The Bland-Altman scatter plot showed good agreement, as 
the deviations between the reference BMD and the predicted 

Table 1 Interobserver repeatability on TUE and VUE images

Measurement Category ICC 95% CI

L1 BMD 0.940 0.837–0.971

TUE 0.953 0.931–0.968

VUEa 0.935 0.905–0.956

VUEv 0.938 0.909–0.958

VUEd 0.931 0.899–0.953

L2 BMD 0.942 0.813–0.974

TUE 0.952 0.928–0.968

VUEa 0.933 0.901–0.954

VUEv 0.940 0.912–0.960

VUEd 0.941 0.914–0.960

Average BMD 0.945 0.806–0.976

TUE 0.970 0.955–0.980

VUEa 0.964 0.948–0.976

VUEv 0.965 0.949–0.977

VUEd 0.964 0.948–0.976

TUE, true unenhanced; VUE, virtual unenhanced; ICC, intraclass 
correlation coefficient; CI, confidence interval; BMD, bone 
mineral density; VUEa, VUE image from arterial phase; VUEv, 
VUE image from portal venous phase; VUEd, VUE image from 
delayed phase.

Table 2 Difference of the HU measurement between TUE and triphasic VUE images

Category TUE VUEa VUEv VUEd F P

L1 146.78±51.17 65.81±24.20* 65.49±24.38* 64.73±24.34* 0.121 0.886

L2 140.17±51.36 61.01±24.65* 60.71±24.76* 60.22±24.73* 0.061 0.941

Average 143.47±50.64 63.41±24.05* 63.10±24.19* 62.48±24.20* 0.090 0.913

Data are presented as mean ± standard deviation. *, TUE was compared with triphasic VUE images, P<0.05. HU, Hounsfield unit; TUE, 
true unenhanced; VUE, virtual unenhanced; VUEa, VUE image from arterial phase; VUEv, VUE image from portal venous phase; VUEd, 
VUE image from delayed phase.
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Table 3 ROC curve analysis of HU measurement for the diagnosis of osteoporosis

Category Threshold Sensitivity, % Specificity, % AUC 95% CI

TUE 108.65 100.0 95.38 0.997 0.978–1.000

VUEa 47.30 97.5 93.33 0.988 0.964–0.998

VUEv 48.65 95.0 90.26 0.979 0.952–0.993

VUEd 47.50 97.5 89.23 0.982 0.956–0.995

ROC, receiver operating characteristic; HU, Hounsfield unit; TUE, true unenhanced; VUE, virtual unenhanced; VUEa, VUE image from 
arterial phase; VUEv, VUE image from portal venous phase; VUEd, VUE image from delayed phase; AUC, area under the curve of receiver 
operating characteristic; CI, confidence interval.
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Figure 2 The vertebral body CT attenuation values derived from TUE and VUE images showed a strong association with the reference 
BMD values, with calibrated R2 values of 0.963, 0.932, 0.925, and 0.930 on TUE, VUEa, VUEv and VUEd images, respectively. Linear 
equations were established. The dotted lines in orange show the 95% prediction. CT, computed tomography; BMD, bone mineral density; 
TUE, true unenhanced; VUE, virtual unenhanced; R2, adjusted correlation coefficient; VUEa, VUE image from arterial phase; VUEv, VUE 
image from portal venous phase; VUEd, VUE image from delayed phase. 

BMD were evenly distributed around 0 (Figure 4).

Discussion

In this study, we conducted a comprehensive evaluation 
of the difference in CT attenuation values of the L1–L2 

vertebral cancellous bone between the TUE and VUE 
images acquired from triphasic enhanced CT. Additionally, 
we assessed the practicality and diagnostic performance 
of HU measurement on VUE images for assessing bone 
status, using QCT reports as the reference standard. Our 
results showed that there were no statistically significant 
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Table 4 ROC curve analysis of HU measurement for the diagnosis of osteopenia

Category Threshold Sensitivity, % Specificity, % AUC 95% CI

TUE 147.20 98.92 89.22 0.989 0.963–0.999

VUEa 64.05 84.95 98.04 0.971 0.936–0.990

VUEv 63.00 86.02 93.14 0.969 0.934–0.988

VUEd 65.20 89.25 90.20 0.971 0.937–0.990

ROC, receiver operating characteristic; HU, Hounsfield unit; TUE, true unenhanced; VUEa, VUE image from arterial phase; VUEv, VUE 
image from portal venous phase; VUEd, VUE image from delayed phase; AUC, area under the curve of receiver operating characteristic; 
CI, confidence interval.
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Figure 3 The ROC curves demonstrated that HU measurement had superior diagnostic performance in both TUE and VUE reconstructed 
triphasic enhanced CT. The DeLong test demonstrated a significant statistical difference between the TUE and triphasic VUE images for 
detecting osteoporosis. However, only on the VUE images reconstructed from venous phase and TUE was there a significant difference in 
distinguishing osteopenia. (A,B) The ROC curves for detecting osteoporosis and osteopenia. ROC, receiver operating characteristic; HU, 
Hounsfield unit; TUE, true unenhanced; VUE, virtual unenhanced; VUEa, VUE image from arterial phase; VUEv, VUE image from portal 
venous phase; VUEd, VUE image from delayed phase. 

Table 5 The difference in the diagnosis of osteoporosis and osteopenia in TUE and triphasic VUE images

Category
Osteoporosis Osteopenia

Z score P value
AUC 95% CI AUC 95% CI

TUE 0.997 0.978–1.000 0.989 0.963–0.999 1.469 0.1417

VUEa 0.988 0.964–0.998 0.971 0.936–0.990 1.598 0.1100

VUEv 0.979 0.952–0.993 0.969 0.934–0.988 0.832 0.4055

VUEd 0.982 0.956–0.995 0.971 0.937–0.990 0.917 0.3592

TUE, true unenhanced; VUE, virtual unenhanced; VUEa, VUE image from arterial phase; VUEv, VUE image from portal venous phase; 
VUEd, VUE image from delayed phase; AUC, area under the receiver operating characteristic curve; CI, confidence interval.
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Figure 4 Bland-Altman plots showed that the BMD calculated by TUE and triphasic VUE linear equations were in good agreement with the 
reference BMD derived from QCT. The mean difference and limits of agreement are shown in with solid line and dotted line, respectively. SD, 
standard deviation; TUE, true unenhanced; QCT, quantitative computed tomography; VUE, virtual unenhanced; VUEa, VUE image from 
arterial phase; VUEv, VUE image from portal venous phase; VUEd, VUE image from delayed phase; BMD, bone mineral density. 

differences in the CT attenuation values of the L1–L2 
vertebrae between the VUE images. Although these values 
were significantly underestimated compared to those 
obtained from TUE images, strong linear correlations were 
found between HU measurements acquired from TUE 
and VUE images and the BMD values measured by QCT. 
Further, we demonstrated the usefulness of VUE images in 
BMD assessment, with the average CT attenuation values 
of the L1–L2 vertebrae on both TUE and VUE images 
demonstrating high diagnostic performance (AUC >0.95). 

Based on the clinical profiles, individuals at high risk 
for osteoporosis (such as those with fractures, older 
adult individuals, and those with low bone mass) should 
receive continuous monitoring or specific intervention  
treatments (21). Neglecting strategic intervention measures 
may lead to a vicious cycle of recurrent fractures, potentially 
resulting in disability or premature death (22,23). CT 
images can provide valuable information regarding potential 
BMD, and using preexisting imaging data can aid in the 

efficient and cost-effective screening of osteoporosis. Several 
studies have already been published on this topic, including 
those involving cardiac CT (24), CT colonography (9), and 
abdominal CT acquired for other medical reasons (25).

HU measurement of the vertebrae is considered to be 
a straightforward and easily adaptable method for BMD 
assessment, exhibiting good repeatability both within and 
between evaluators (26). In this study, we observed excellent 
repeatability in HU measurements on both TUE images 
and triphasic VUE images (ICC >0.92). Moreover, a robust 
positive association was found between HU measurements 
from either TUE or VUE images and BMD, furnishing 
objective evidence for the application of HU measurement 
in opportunistic screening. With BMD measured with 
QCT as the reference standard, a threshold of 108.65 HU 
on TUE images was applied to differentiate osteoporosis, 
yielding a sensitivity of 100%, a specificity of 95.4%, and 
an AUC of 0.997. This finding is consistent with Pickhardt 
et al.’s study (25), involving a larger population of 1,867 
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adults, which found that a threshold of 110 HU in the L1 
vertebra had a specificity exceeding 90% for the diagnosis 
of osteoporosis. However, Buckens et al. (27) used DXA 
as a reference standard and showed superior diagnostic 
performance at <99 HU for the L1 vertebra (AUC 0.74). 
This phenomenon may be attributed to multiple causes, 
such as differences in scanning equipment, benchmark 
standards, and the group being studied. Compared to 
DXA, QCT is less susceptible to factors of vascular 
wall calcification, degenerative changes, and vertebral 
compression fractures. Additionally, QCT offers superior 
precision and diagnostic validity. Hence, we opted for QCT 
as the reference method to assess BMD. The use of VUE 
images produced via material decomposition algorithms 
is expected to replace TUE images, as this may reduce 
radiation exposure, speed up scanning, and increase cost-
effectiveness. Some studies have shown that CT attenuation 
values of abdominal tissues (liver, spleen, and kidney) in 
the VUE images reconstructed from the arterial phase are 
overestimated, while the VUE images from the portal phase 
are more accurate (16,28,29). We thus sought to determine 
which phase was most appropriate for reconstructing VUE 
images in dynamic enhanced CT for BMD assessment. 
Therefore, we conducted a careful assessment of vertebral 
HU measurement differences between the TUE and 
VUE images produced from the triphasic enhanced CT. 
Our findings showed that the CT attenuation values of 
the vertebrae were significantly lower in the 3-phase 
VUE images than those in the TUE images. Notably, no 
significant difference was found in the CT attenuation 
values of the vertebral body among the 3 types of VUE 
images. Therefore, our findings may be indicative of a more 
robust outcome. Similarly, Ding et al. (30) also observed 
a significant underestimation in the attenuation values of 
the L1 vertebral body when analyzing the reconstruction 
from VUE images in the portal phase in comparison to the 
corresponding TUE images (51.9±25.7 vs. 103.6±41.3 HU).  
The relative difference between the 2 values was observed 
to be approximately –52.6%±13.0%, which is consistent 
with our findings. VUE images are generated using multiple 
material decomposition algorithms, which facilitate the 
identification of iodine contrast agents in the enhanced 
CT images and virtually eliminate the corresponding 
influence of iodine on tissue CT attenuation. However, 
the effectiveness of iodine component removal may be 
influenced by a range of factors, including the choice of 
substance separation algorithm, scanning equipment, and 
contrast media protocol (18,31,32). Due to the similarly 

high attenuation characteristics of calcium and iodine, 
VUE images may exhibit suboptimal separation and 
oversubtraction of iodine levels, thereby leading to the 
elimination of voxels that contain calcium (33,34). VUE 
images have been reported to present inherent inaccuracies 
in the determination of calcification or stone volume and to 
exhibit limited sensitivity for smaller stones (35,36).

Although there might have been an underestimation 
of the attenuation value of the vertebral body on VUE 
images in our study, a strong positive correlation was still 
observed between the HU measurement of VUE images 
and the standard BMD measurement, which is consistent 
with the findings of Ding et al. (30) for virtual images 
reconstructed in the portal phase. These results indicated 
that the attenuation value of the vertebral body on VUE 
images may serve as a highly sensitive marker of variations 
in bone quality, presenting a valuable and potentially 
informative measure of BMD. Our findings highlight the 
clinical significance of VUE scans in assessing bone health. 
Moreover, the diagnostic efficacy analysis, with BMD as 
the reference standard, indicated that HU measurement 
had excellent diagnostic performance in both TUE and 
VUE images reconstructed from triphasic enhanced 
CT, accurately distinguishing osteoporosis from non-
osteoporosis with an area under the ROC curve exceeding 
0.97 and a sensitivity over 95%. The DeLong test revealed 
no statistically significant difference in the diagnostic 
efficacy of the 3-phase VUE images. Hence, to meet the 
various clinical demands, the choice of first-phase enhanced 
images for reconstruction may be arbitrary, increasing 
the applicability of the VUE images. In individuals with 
a high susceptibility to osteoporosis, using more highly 
sensitive thresholds cautiously may lead to positive clinical 
outcomes (12,37). The attenuation information of the 
vertebral body on VUE images can be an effective tool for 
quickly identifying those at a high risk of osteoporosis and 
successfully countering underdiagnosis, without the need 
for a specific QCT examination.

Furthermore, dual-energy spectral CT, using a single 
X-ray tube with fast switching between tube voltages 
of 80 and 140 kVp, facilitates the acquisition of various 
material densities (e.g., iodine, water, calcium) as additional 
diagnostic information. However, the technology does not 
allow for switching tube current or using automatic tube 
current modulation during the scanning process. Currently, 
it remains unclear whether altering the tube current would 
impact VUE image quality in clinical studies. Therefore, we 
employed a standard DECT enhanced scanning protocol 
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in our study. The DLP was 512.07±123.21 mGy∙cm, which 
was within the range of values reported in the reference 
guidelines (460–1,200 mGy∙cm) (38). In future studies, it 
may be possible to stratify patients based on their BMI in 
order to investigate the potential impact of radiation dose 
on the image quality of VUE.

There are several limitations to this study. First, we did 
not measure the attenuation value of the vertebral body 
in the triphasic enhanced images. It is worth noting that 
previous studies have reported on the amplitude or range 
of increase in the attenuation value of the vertebral body 
after the enhanced scan. Second, the sample size of our 
study was relatively small and limited to a single center. 
Further investigations with larger, multicenter populations 
are needed to establish more precise diagnostic thresholds. 
Reproducibility across different CT machines and scanning 
ranges is a potential limitation of our study. It is possible 
that different CT machines employ varying calibration 
methods, resulting in differences in HU values and 
potentially affecting the diagnostic accuracy.

In conclusion, despite the underestimation of the 
vertebral body attenuation values on VUE images 
compared to TUE images, our findings indicate that HU 
measurements on VUE images are effective for assessing 
BMD and detecting osteoporosis and osteopenia with good 
diagnostic performance.
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