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Background: We aimed to compare two volumetric bone mineral density (vBMD) analysis programs, 
regarding (I) agreement of vBMD values based on mono- and dual-energy computed tomography (MECT 
and DECT) scans and (II) suitability for analyzing DECT data obtained at different energies.
Methods: We retrospectively analyzed two abdominal CT datasets: one performed in a MECT scan 
(vertebrae L1–L3) and one in a DECT scan (vertebrae L1–L4). Each dataset included different individuals 
[MECT 15 patients (45 vertebrae) and DECT 12 patients (48 vertebrae), respectively]. vBMD analysis 
was conducted using Philips IntelliSpace (IP) and Mindways qCT Pro (MW). Regarding the DECT scans, 
vBMD analysis was done at three different energies: 80, 150 and synthetic 120 kVp and for MECT scan 
at 120 kVp. For comparison of vBMD results between different software (aim 1) MECT 120 kVp and 
DECT synthetic 120 kVp data was used. For analyzing suitability of using different DECT energies for 
vBMD assessment (aim 2) all three DECT energies were used and results from each software was analyzed 
separately.
Results: vBMD assessed with MW and IP, respectively correlated significantly for both the MECT (r=0.876; 
P<0.001) and DECT (r=0.837; P<0.001) scans, but the vBMD values were lower in using IP for vBMD 
assessment (8% and 14% lower for MECT and DECT, respectively; P=0.001). Regarding the different 
DECT energies, using MW for vBMD assessment showed significant correlations in vBMD results between 
120 kVp and the two other energies (r=0.988 and r=0.939) and no significant differences in absolute vBMD 
values (P>0.05). The IP analysis as well showed significant correlation between 120 kVp and the other 
energies (r=0.769 and r=0.713, respectively), but differences in absolute vBMD values between the energies 
(P≤0.001).
Conclusions: We show that the correlations between the vBMD derived from the two investigated 
software solutions were generally good but that absolute vBMD value did differ and might impact the clinical 
diagnosis of osteoporosis. Though small, our study data indicate that vBMD might be assessed in energies 
other than 120 kVp when using MW but not when using IP.
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Introduction

Osteoporosis is a bone disorder characterized by low bone 
mineral density (BMD), which causes bone fragility, with 
increased risk of fracture even with low-energy trauma (1-4). 
These fractures are very common (i.e., occurring in a half of 
women and a fifth of men with low BMD) and are associated 
with high morbidity and a significant socioeconomic burden 
(5,6). Furthermore, patients with a previous fracture have 
a higher risk of new fractures, potentially resulting in a 
fracture cascade, with imminent fracture risk (i.e., in the 
period soon after the initial fracture) being particularly 
increased (7). This highlights the need for fast and effective 
post-fracture screening to identify high-risk individuals in 
need of anti-osteoporotic treatment to prevent fractures. 
However, despite the availability of effective anti-
osteoporotic medications, there is a huge gap between the 
guidelines and reality, with a treatment gap estimated to be 
between 63–73% in Europe (8). In an attempt to overcome 
this issue, Fracture Liaison Services (FLSs) have been set up 
worldwide for more effective and reliable management of 
post-fracture patients.

The current gold standard for osteoporosis diagnosis is 
BMD measurement using the 2D method dual-energy X-ray 
absorptiometry (DXA). DXA is a well-recognized method 
with extensive longitudinal data. However, it has several 
methodological limitations including overestimation of 
spinal BMD with increasing age due to wrongly including 
arthritis and aortic calcification (which increase with age) 
in the BMD analysis (2,3). Another possible limitation is 
that DXA machines are only used for BMD measurement, 
i.e., they necessitate an extra visit for the patient for BMD 
measurement only. From a clinical point of view, this extra 
visit in the FLS might be a logistic challenge in the clinical 
routine with an increased risk of loss to follow-up as well as 
extra costs associated with this dedicated procedure.

Various computed tomography (CT)-based methods 
can be used to potentially improve bone quality assessment 
and make the diagnosis process in FLSs more effective 
(4,9,10). FLSs could perform opportunistic volumetric 
BMD (vBMD) assessment using CT scans conducted at the 
time of fracture occurrence (i.e., when detecting a vertebral 
fracture using abdominal or thoracic CT scans) as well 
as identifying high-risk individuals during opportunistic 
screening when investigating patients for other diagnoses 
(3,10-18). It is important that these CT-based methods 
are shown to be reliable and stable across various software 
programs, CT machines and scan protocols (i.e., not only 

protocols specific to skeletal imaging). In this way, vBMD 
measurements can be obtained without any additional 
radiation exposure or the need for dedicated clinical visits.

There are several vBMD analysis software programs on 
the market where analysis can be made without the need of 
an external calibration phantom in each scan. The technique 
used for estimating vBMD and calibration differs. Two of 
the software solutions available are Philips IntelliSpace (IP) 
and Mindways (MW). IP software uses single-energy CT 
datasets for vBMD analysis; it is a phantomless method that 
uses “internal vBMD calibration”, with paraspinal muscle 
and fat tissues as reference materials. MW software uses 
single-energy datasets for vBMD analysis; this software 
further requires a dedicated phantom for vBMD calibration 
of the CT scanner (4) a procedure which is recommended 
to be performed once a month. Both techniques are 
recommended for MECT scan, but as DECT scans are 
becoming more prevalent it is of interest to investigate 
possible usage of these software in in-vivo DECT scan. 
Furthermore, a direct comparison of the vBMD derived 
from the different software would be clinically valuable 
as a possible difference could have an impact on clinical 
diagnosing of these patients.

Dual-energy CT (DECT) scans have been shown to 
gain adequate vBMD measurement in ex-vivo studies and 
in some in vivo-studies which also included investigation of 
analysis behavior in different contrast phases and synthetic 
non-contrast phases (3,11-13,19-25) The latter is important 
as the usage of DECT scans in opportunistic osteoporosis 
screening will not always include a non-contrast scan. 
Another clinical prerequisite to be aware of is the usage of 
different energies and synthetic energies, i.e., preset mixture 
of the two energy sources, in the clinical routine care and 
a possibility that this might impact estimated vBMD if 
DECT scans are used for opportunistic screening. More 
data are needed on in-vivo behavior of vBMD derived from 
DECT scans, including possible impact of the energies 
used. Ideally a direct comparison should be made to areal 
BMD (aBMD) derived from DXA scan, the gold standard 
for osteoporosis diagnostics However, in-vivo aBMD from 
DXA should be interpreted with care in elderly patients as 
confounding factors, such as fat, aortic calcification, spondyl 
arthritis, are wrongly included in the aBMD value. This 
might be an explanation why a direct comparison between 
DECT derived vBMD and DXA derived aBMD did show a 
poor correlation (2,3,10) but was improved when adjusting 
DXA aBMD for aortic calcification and spondyl arthritis (3).

In this retrospective study, we aimed to compare two 
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commercially available vBMD analysis software programs 
(MW and IP) regarding: (I) agreement of vBMD values 
based on monoenergetic CT (MECT) and DECT scans 
and (II) suitability for analyzing DECT data obtained at 
different energies.

Methods

Patients

In the present study, we retrospectively analyzed two 
abdominal CT datasets: one performed in a MECT scan 
(vertebra L1–L3, total 45 vertebrae) and one in a DECT 
scan (vertebra L1–L4, total 48 vertebrae). Each dataset 
included different individuals.

From the DECT dataset, 12 patients (9 women; 3 men; 
mean age 69±9 years; range, 47–84 years) who underwent 
a clinically indicated abdominal DECT scan in 2016 were 
included. This dataset has previously been used in a study 
comparing DECT and DXA (3). From the MECT dataset, 
15 patients (5 women; 10 men; mean age 70±8 years; range, 
55–86 years) with hepatocellular carcinoma scheduled for 
transarterial chemoembolization (TACE) from October 
2016 to March 2019 were included.

DECT scans and processing

Patient scans in the DECT study were performed in a 
routine clinical setting using a 128-section dual-source CT 
scanner (Somatom Force, Siemens Healthcare, Erlangen, 
Germany). The two X-ray tubes were operated at 80 and 
150 kVp with tin filter technology and a quality reference of 
246 mAs at 80 kVp and 123 mAs at 150Sn kVp. Pitch was 

0.6. Images were reconstructed with an Admire Br36d/3 
kernel with a section thickness of 1 mm and an increment of 
0.5 mm.

The patients were scanned in three phases (non-
contrast, arterial and venous phases) but, for the present 
study, only the non-contrast scans were used. Based on 
these non-contrast scans, three datasets were analyzed, i.e., 
the two automatically generated 80 and 150 kVp datasets, 
and a “synthetic 120 kVp” dataset generated from post-
processing the dual-energy data using a 0.6 weighting 
factor for the 80 kVp data and a 0.4 weighting factor for 
the 150 kVp data (i.e., 60% from the 80 kVp data and 40% 
from the 150 kVp data).

MECT scans

Patient scans in the perfusion study were performed in a 
routine clinical setting using a 128-section dual-source CT 
scanner (Somatom Force, Siemens Healthcare, Erlangen, 
Germany) in single-energy mode. The scans were of 
the upper abdomen and they were performed without 
intravenous contrast agent. The scans were conducted at 
120 kVp with a reference value of 125 mAs.

Radiation dose

The DECT scans had a mean radiation dose [in dose-
length product (DLP)] of 413 mGycm (230–630), and a 
mean effective radiation dose of 6.20 mSv (3.4–9.45). The 
MECT scans had a mean radiation dose (in DLP) of 533 
mGycm (306–808), and a mean effective radiation dose of 
8.00 mSv (4.59–12.12).

BMD assessment

For the vBMD analysis, the datasets were exported 
from our Picture Archiving System (PACS) to the two 
software programs: (I) IP (Bone mineral analysis, Philips, 
Amsterdam, the Netherlands) and (II) MW qCT PRO 
(version 2, Mindways, Austin, TX, USA).

Regarding the IP analysis, one region of interest (ROI) 
was manually placed in the trabecular bone in the middle 
portion of each lumbar vertebra on axial images (Figure 1). 
For each vertebra, two additional ROIs were placed in the 
fat and paraspinal muscle tissues, respectively, which served 
as reference materials for internal vBMD calibration. The 
ROI was placed in the middle trabecular part of the lumbar 
vertebrae. The thickness of the ROI was the same as the 

Figure 1 vBMD measurement of lumbar vertebra (yellow ROI) 
using Philips IntelliSpace (IP). This method is phantomless and 
uses internal calibration with HU values from paraspinal muscle 
tissue (red ROI) and fat tissue (blue ROI). vBMD, volumetric bone 
mineral density; ROI, region of interest.

Vertebrae L1

Fat

Muscle

Slice thickness =1.00 mm
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slice thickness, i.e., 1 mm. The vBMD of the vertebra was 
then automatically calculated. The procedure was repeated 
for all vertebrae in the study.

In contrast to the IP analysis, the MW analysis 
required calibration scans with Mindways’ dedicated 
phantom prior to vBMD measurement. Calibrations 
were made once a month. No internal phantom during 
the clinical scans was then needed for the individual 
measurements. The MW software semi-automatically 
placed the ROIs in the trabecular part of the lumbar 
vertebrae (middle part), which could be manually adjusted 
before the vBMD values were calculated (Figure 2). The 
thickness of the ROI was 9 mm.

In both studies, the BMD measurements were performed 
by two experienced radiologists (clinical radiology 
experience of 5–12 years).

Impact on diagnosis

In the clinical outcome analysis, for each patient, a mean 
vBMD was calculated for all the vertebrae assessed. 
In concordance with the World Health Organization 
guidelines (9), the clinical outcomes were defined as normal, 
osteopenic or osteoporotic based on vBMD values >120, 
80–120, <80 g/cm3, respectively.

Statistical analysis

SPSS Statistics (version 23.0, IBM Corp., Armonk, NY, 
USA) was used for the statistical analysis. The data were 
tested for normality with the Kolmogorov-Smirnov test and 
the Shapiro-Wilk test. The tests showed that the data were 
normally distributed.

Figure 2 vBMD measurement using Mindways (MW) qCT Pro, with semi-automatic placement of ROIs in the trabecular part of the 
lumbar vertebrae. vBMD, volumetric bone mineral density; ROI, region of interest.
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A parametric paired t-test was used for the comparison of 
vBMD values between two groups, and Pearson correlation 
analysis was used for the correlation analysis. For the 
comparison of the clinical outcomes between the two 
software programs, the McNemar test was used. A P value 
<0.05 was considered significant.

Ethics

The authors are accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. The trial was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by regional ethics/committee of the Faculty 
of Health Sciences, Linköping University, (2013/160-31 
and 2014/63-32). An amendment for the MECT study was 
approved by the National Ethics Committee (2019-05855).

Results

Comparisons of vBMD values based on DECT scans 
obtained at different energies

There were significant correlations (P<0.001) in vBMD 
values between synthetic 120 kVp and the two other 
energies when using the same analysis software, i.e., IP 
(r=0.769: synthetic 120 and 80 kVp; r=0.713: synthetic 120 
and 150 kVp) and MW (r=0.988: synthetic 120 and 80 kVp; 
r=0.939: synthetic 120 and 150 kVp).

However, as shown in Figure 3A and Table 1, when 
analyzing the DECT scans with IP software, the mean vBMD 

values differed significantly between the three energies; 
the mean vBMD was highest for 80 kVp (100±44 g/cm3)  
followed by synthetic 120 kVp (73±31 g/cm3) and 150 kVp 
(61±31 g/cm3; P≤0.001). More homogenous mean vBMD 
values were seen in the MW analysis (84–88 g/cm3; P>0.05).

Comparisons of vBMD values between IP and MW 
analyses using 120 kVp data

Regarding the DECT scans, there was a significant 
correlation in vBMD values between the MW and IP 
analyses involving synthetic 120 kVp data (r=0.837; 
P<0.001). However, the mean vBMD value for synthetic 
120 kVp was significantly lower in the IP analysis  
(73±31 g/cm3) than the MW analysis (88±35 g/cm3; 
P<0.001) (Figure 3B and Table 1). For these DECT data, 
the mean difference in vBMD between the MW and IP 
analyses was 14% (Figure 4A).

Regarding the MECT scans, there was a significant 
correlation in vBMD values between the MW and IP 
analyses involving 120 kVp data (r=0.876; P<0.001). 
However, similar to the DECT result,  the vBMD 
value for the MECT data was lower in the IP analysis  
(81±19 g/cm3) than the MW analysis (88±19 g/cm3; 
P<0.001) (Figure 3B and Table 1). For these MECT data, 
the mean difference in vBMD between the MW and IP 
analyses was 8% (Figure 4B).

Regarding the pooled data (synthetic 120 kVp data 
from DECT scans and 120 kVp data from MECT scans), 
there was a significant correlation between the MW and 
IP analyses (r=0.836; P<0.001). Similar to the DECT 
and MECT results, the vBMD value for the pooled data 

Figure 3 Effects on vBMD results from CT scans of different energies and CT techniques, using two different analysis software. (A) Mean 
vBMD values (g/cm3) and standard deviations using Philips IntelliSpace (IP) and Mindways (MW) for DECT data related to three kVp 
settings [80, 150 and synthetic 120 kVp (60%: 80 kV data; 40%: 150 kV data)]. (B) Mean vBMD values (g/cm3) and standard deviations using 
IP and MW for MECT (120 kVp) and DECT (synthetic 120 kVp) data. *, P<0.05; ***, P<0.001. vBMD, volumetric bone mineral density; 
DECT, dual-energy computed tomography; MECT, monoenergetic computed tomography.

200
180
160
140
120
100
80
60
40
20
0

IntelliSpace

Mindways

vB
M

D
 (g

/c
m

3 )

***

DECT                      MECT
Machine

***
250

200

150

100

50

0

Synthetic 120 kV
80 kV
150 kV

vB
M

D
 (g

/c
m

3 )

***
***

Intellispace           Mindways
SOFTWARE

***
A B



1338 Woisetschläger et al. CT-based opportunistic osteoporosis assessment

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(4):1333-1342 | http://dx.doi.org/10.21037/qims-20-1013

was lower in the IP analysis (77±26 g/cm3) than the MW 
analysis (88±28 g/cm3; P<0.001). For these pooled data, the 
mean difference in vBMD between the MW and IP analyses 
was 11% (Figure 4C).

Clinical outcomes

Regarding the diagnoses, the IP analysis identified 52% 
(n=14) of the patients as osteoporotic, whereas the MW 
analysis identified slightly fewer patients as being in the 
osteoporotic range, i.e., 37% (n=10; P=0.082) (Figure 5).

Discussion

In the present study, we showed that opportunistic 
osteoporosis screening results based on analyzing abdominal 
CT scans (MECT and DECT scans) using commercially 
available software exhibited good correlation. However, the 
IP analysis generally showed significantly lower (8–14%) 
mean vBMD values, which may influence diagnoses and 
subsequent clinical management. However, the study 
population was small, and thus results should be interpreted 
cautiously. Analysis of DECT scans obtained at different 
energies (80, 150 and synthetic 120 kVp) showed that the 
vBMD values were significantly different in the IP analysis 
but not the MW analysis. This indicates that the IP analysis 
is not suitable for analyzing scans other than those obtained 
at 120 kVp.

Opportunistic vBMD measurement with a CT-based 
method, both in MECT and DECT mode, is useful, 
with the potential to contribute to an earlier discovery 
of osteoporosis without increased radiation exposure 
(3,4,12,14-18). However, the BMD values determined by 
different software programs in the same patients across 
different machines should be comparable. The commonly 

used gold standard, the DXA scan, has been shown to differ 
by up to 11% (26) between the two most used machines, 
Hologic and Lunar. Our vBMD data determined using 
different software programs show a similar difference (8%) 
regarding the MECT scans (120 kVp) and a slightly higher 
difference (14%) regarding the DECT scans (synthetic 
120 kVp). In contrast to the DXA data, the present data 
were not obtained using specific protocols designed for 
skeletal imaging, tuned for optimum precision. Awareness 
of the differences between software programs is important, 
as different software programs might categorize patients 
differently (i.e., as having osteoporosis or not and as 
fulfilling specific treatment indications or not) and thus 
impact clinical management. One way of dealing with this 
problem would be by generating a conversion formula 
for use between the measurements from the two software 
programs, as already done for DXA measurements 
performed using either the Hologic or Lunar systems.

The reason for the different values between the software 
programs might be explained by the fact that the IP analysis 
only includes one ROI, with the thickness defined by the 
slice thickness of the CT examination. In contrast, MW is 
associated with an ROI depth of several millimeters (from 
1–9 mm), with a normal default of 9 mm. This probably 
generates a more reliable measurement, as a larger volume 
of the trabecular bone of each vertebra is analyzed.

In comparison to DXA scans, there are several advantages 
related to conducting opportunistic vBMD measurements 
based on CT scans, including obtaining vBMD during 
clinical CT examinations without necessitating additional 
costs, time or radiation exposure (1,3,14,17). Additionally, 
CT scans offer additional qualitative 3D information e.g., 
on the trabecular bone structure and finite element analysis; 
this eliminates the risk of overestimating BMD due to the 
presence of aortic calcification and arthritis (which are wrongly 

Table 1 Volume bone mineral density in different energies and using different software

Cohorts and energies Philips IntelliSpace (IP) Mindways (MW)

MECT-cohort (45 vertebrae)

120 kVp 81.3±19.5 88.4±18.6

DECT-cohort (48 vertebrae)

Synthetic 120 kVp 73.5±31.1 87.8±34.9

80 kVp 100.4±44.4 86.3±33.5

150 kVp 61.3 ±31.1 84.3±39.6

MECT, monoenergetic computed tomography; DECT, dual-energy computed tomography.
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included in the 2D BMD analysis involving DXA) (3). This 
might increase the precision of the diagnosis, the prediction 
of future fracture risk, and the appraisal of the benefits of 
preventive therapies.

In our vBMD analysis, we compared the vBMD values 
based on scans obtained at different energies and found a 
difference between the software programs. The IP analysis 
led to different vBMD values for the same vertebrae 
depending on the kVp value of the scan, with 80 kVp 
leading to the highest value and 150 kVp the lowest. This 
might be explained by the fact that changes in kVp settings 
will affect HU values differently in different tissues; the 
more distant a tissue is from water (HU =0) in regard to 
HU, the bigger the difference between measurements will 
become as the kV decreases. In addition, as the difference in 
the kVp value from the reference scan of 120 kVp increases, 
the differences will rise exponentially the lower the kVp 
value becomes. It is important to note that IP software will 

Figure 4 Correlation between vBMD results derived from Mindways (MW) and Philips IntelliSpace (IP) analysis software, respectively. 
(A) DECT data (synthetic 120 kVp), (B) MECT data (120 kVp), (C) pooled MECT and DECT data: vBMD values (g/cm3) per vertebra in 
the IP analysis (blue line) and the MW analysis (red line), with a linear trendline for MW (dotted red line). Sorted by increasing IP vBMD 
values. The difference per vertebra (green line) is also shown. DECT data derived from synthetic 120 kVp and MECT 120 kVp. vBMD, 
volumetric bone mineral density; DECT, dual-energy computed tomography; MECT, monoenergetic computed tomography.

Figure 5  Distribution of patients in the normal (vBMD  
>120 mg/cm3),  osteopenia (vBMD 80–120 mg/cm3) and 
osteoporosis (vBMD <80 mg/cm3) categories (in accordance with 
the World Health Organization criteria for quantitative CT) based 
on vBMD measurements determined by the Philips IntelliSpace 
(IP) and Mindways (MW) analyses (P=0.082). vBMD, volumetric 
bone mineral density; CT, computed tomography.

Mindways

IntelliSpace

0%          20%         40%         60%         80%         100%

2                        15                                    10

1                 12                                      14

Normal
>120 mg/cm3

Osteopenia
80–120 mg/cm3

Osteoporosis
<80 mg/cm3

A B

C 180

160

140

120

100

80

60

40

20

0

–20

180

160

140

120

100

80

60

40

20

0

–20

180

160

140

120

100

80

60

40

20

0

–20

vB
M

D
 (g

/c
m

3 )
vB

M
D

 (g
/c

m
3 )

vB
M

D
 (g

/c
m

3 )

Pooled MECT & DECT

DECT MECT

IntelliSpace

IntelliSpace IntelliSpace

Mindways

Mindways Mindways

Difference (Mindways-IntelliSpace)

Difference (Mindways-IntelliSpace) Difference (Mindways-IntelliSpace)

Mean 
difference 

11% 
(P<0.001)

Mean 
difference 

14% 
(P<0.001)

Mean 
difference 

8% 
(P<0.001)



1340 Woisetschläger et al. CT-based opportunistic osteoporosis assessment

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(4):1333-1342 | http://dx.doi.org/10.21037/qims-20-1013

not deliver robust BMD values when used at kVp values 
other than 120 kVp. This is becoming even more important 
as many examinations in a way to reduce radiation dose are 
undertaken with manually adjusted lower kVp, e.g., 80, 90 
or 100 kVp, or automatically adjusted kVp-doses, e.g., in 
newer CT machines scans could be made with kVp adapting 
modes , which is a function that automatically selects the 
dose-optimized X-ray tube voltage (kVp) depending on 
the examination type. In contrast, the MW analysis led to 
consistent BMD values in abdominal scans at all kVp values 
tested.

Opportunistic osteoporosis screening should ideally be 
easily available and robust in various scan situations, both 
regarding energy as discussed above, and reason for making 
the CT scan.

Unlike IP with its internal calibration with patients own 
tissue (fat and muscle), MW needs monthly calibration 
with an external phantom scan. Good clinical routines for 
this is thus a prerequisite for using this software in a FLS. 
However, the fairly long intervals between calibration as 
well as the actual calibration time does not make these 
calibration step time-consuming for the organization. 
However, it requires some kind of osteoporosis calibration 
organization, which in some cases, especially when vBMD 
analysis is done irregularly could be an obstacle in adding 
opportunistic CT screening in a FLS. Regarding different 
scan situations many scans nowadays do not include non-
contrast scans, but only different intravenous contrast 
phases. Previous studies have indicated that contrast 
interferes with vBMD estimation and differs from non-
contras scans. Virtual non-contrast scans from dual-energy 
examinations underestimate vBMD and therefore cannot be 
used for vBMD assessment. Least differences were seen using 
venous phase scans and adjusted venous phase imaging might 
be used for opportunistic BMD screening (22).

Limitations of the study include the small number 
of patients included and the use of only one vBMD 
measurement per method. Another limitation is the fact that 
the study consists of two different study groups. However, 
this made it possible to compare synthetic 120 kVp data to 
real monoenergetic 120 kVp data.

We cannot rule out selection bias of the data included 
and this in some way could affect the results. Thus, the 
MECT group consisted of a certain patient group (TACE 
treated patients). In the MECT group were more men 
than women in total (10 vs. 5) which does not reflect 
the distribution of patients with osteoporosis. But as all 
patients were compared intra-personally (within the same 

investigation) we believe the effect of this should not be of 
any major importance. We used dual-source CT for the 
DECT scans. There are other DECT techniques which 
possibly could give different results. Furthermore, we only 
investigated three different energies and with our data 
we cannot judge if other energies would produce similar 
vBMD.

Conclusions

Opportunistic vBMD measurement of lumbar vertebrae 
based on abdominal CT scans is feasible and could improve 
the diagnosis of patients with osteoporosis. However, the 
present study identified important differences between the 
software programs to be aware of. Although the correlation 
between the vBMD values from the two software programs 
was good, IP generally led to lower values than MW 
(8–14%), which could impact clinical management. Further 
studies are needed and a tool for converting between the 
measurements from different software programs should 
be created. Analyzing data related to energies other than  
120 kVp is feasible in MW analyses but not in IP analyses.
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