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Objectives: The aim of the current study is to evaluate the accuracy and the precision of

raw-data-based relative electron density (REDraw) and the calibration-based RED (REDcal)

at  a range of low-RED to high-RED for tissue-equivalent phantom materials by comparing

them  with reference RED (REDref) and to present the difference of REDraw and REDcal for the

contrast medium using dual-energy CT (DECT).

Methods: The REDraw images were reconstructed by raw-data-based decomposition using

DECT.  For evaluation of the accuracy of the REDraw, REDref was calculated for the tissue-

equivalent phantom materials based on their specified density and elemental composition.

The REDcal images were calculated using three models: Lung-Bone model, Lung-Ti model
T number

ontrast material

eam hardening

and  Lung-Ti (SEMAR) model which used single-energy metal artifact reduction (SEMAR). The

difference between REDraw and REDcal was calculated.

Results: In the titanium rod core, the deviations of REDraw and REDcal (Lung-Bone model,

Lung-Ti model and Lung-Ti model with SEMAR) from REDref were 0.45%, 50.8%, 15.4% and

15.0%, respectively. The largest differences between REDraw and REDcal (Lung-Bone model,

Lung-Ti model and Lung-Ti model with SEMAR) in the contrast medium phantom were
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8.2%, −23.7%, and 28.7%, respectively. However, the differences between REDraw and REDcal

values were within 10% at 20 mg/ml. The standard deviation of the REDraw was significantly

smaller than the REDcal with three models in the titanium and the materials that had low

CT  numbers.

Conclusion: The REDcal values could be affected by beam hardening artifacts and the REDcal

was less accurate than REDraw for high-Z materials as titanium.

Advances in knowledge: The raw-data-based reconstruction method could reduce the beam

hardening artifact compared with image-based reconstruction and increase the accuracy for

the  RED estimation in high-Z materials, such as titanium and iodinated contrast medium.

©  2019 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.
1.  Background

In radiation therapy, uncertainties from multiple sources that
influence the delivery of the prescribed dose to the target could
lead to potential errors in dose delivery. At the target definition
step, sources of uncertainties include target motion, patient
set up errors, organ motion, and delineation of the target vol-
ume.  On treatment planning systems, the dose calculation
algorithms and computed tomography (CT) data which can
correct tissue heterogeneity in radiotherapy treatment plans
are included. Recently, the accuracy of patient dose calcu-
lations has been improved by the use of the kernel-based
superposition/convolution and Monte Carlo algorithms.1 CT
images contain CT numbers that can be used to correct tissue
heterogeneity. For accurate dose calculations, treatment plan-
ning systems need a correctly calibrated relationship between
the CT numbers and electron density (ED).2

CT imaging is used for radiation therapy planning. For
the accuracy of patient dose calculation, conversion of the
CT number into an ED relative to water (RED) is one of the
main steps.3 The CT number–RED conversion is currently
executed using tissue-equivalent materials with known REDs
in a calibration phantom.4 The tissue-equivalent materials
could show different CT numbers because of the scan-
ning and reconstruction settings. Moreover, the CT number
and RED value cannot be interrelated by a simple one-
to-one correspondence.5,6 To resolve the problem of the
CT number–RED conversion, Schneider et al. proposed the
stoichiometric calibration method.7 In the stoichiometric cal-
ibration method, a set of materials with known chemical
compositions and densities is scanned by a CT scanner. The
measured CT numbers are fitted to a theoretical equation, and
then the CT numbers of real tissues are estimated using the
fitted parameters and tabulated composition data. Although
the stoichiometric calibration method works better than the
conventional tissue–substitute calibration, the CT numbers
depend on the ED and effective atomic numbers, and using
single energy CT (SECT) these two parameters cannot be sep-
arately estimated.

Dual-energy CT (DECT) acquires CT data sets at two differ-
ent X-ray spectra to obtain material-specific information using

material decomposition algorithms that analyze the change
in tissue attenuation.8 Saito proposed calculated RED (REDcal),
which is a conversion of the energy-subtracted CT number
to a RED (�HU–RED).9 The linearity of the �HU–RED plot was
confirmed experimentally using a clinical dual-source CT
scanner with an ED phantom.10 Saito performed DECT image
simulations and predicted a single linear relationship between
the change of CT number and the RED over a wide range of RED
values from air to aluminum. However, they did not show the
data of materials with a higher density than aluminum and
of contrast medium. Contrast medium is often used to obtain
an accurate delineation of tumors or other diseases. In addi-
tion, DECT can obtain various other data, such as effective
atomic numbers, mono-energy CT numbers, and REDs.11 In a
current study, a single-source CT scanner with switching volt-
ages implemented by Toshiba in the Aquilion One  (Toshiba
Medical Systems Corporation, Tokyo, Japan) was used.12 An
advantage of this DECT approach is a perfect alignment of
the subsequent images, allowing material decomposition to
be performed in raw data space, using sinogram-based recon-
struction. Other approaches use image-based reconstruction
for material decomposition. Moreover, Meinel et al. showed
that raw-data-based relative electron density (REDraw) data
created by the Toshiba Aquilion One reduced the effect of the
metal beam hardening artifact based on the CT image.13,14

Accordingly, DECT by Toshiba Aquilion One that reduces the
metal artifacts can improve the accuracy of material decom-
position. Consequently, the REDraw can be used for treatment
planning without using a CT number–RED calibration table if
the accuracy of the REDraw is adequate.

The aim of the current study is to evaluate the accuracy
and the precision of REDraw and the calibration fit of REDcal at
a range of low-RED to high-RED for tissue-equivalent phantom
materials by comparing them with reference RED (REDref) and
to present the difference of REDraw and REDcal for the contrast
medium using DECT.

2.  Materials  and  methods

Two different phantoms were used (Fig. 1), an ED phantom
(Model 062M; Computerized Imaging Reference Systems; CIRS,
Inc., Norfolk, Virginia, USA) and an acrylic phantom into which
different concentrations of iodinated contrast medium were
inserted. The ED phantom contained several tissue-equivalent
inserts: lung inhale, lung exhale, adipose, breast, water, mus-

3
cle, liver, trabecular bone (200 mg/cm hydroxyapatite), dense
bone (800 mg/cm3 hydroxyapatite), dense bone (1250 mg/cm3

hydroxyapatite), and titanium, whose atomic composi-
tions and densities are well known and provided by the

https://doi.org/10.1016/j.rpor.2019.07.013


reports of practical oncology and radiotherapy 2 4 ( 2 0 1 9 ) 499–506 501

Fig. 1 – (a) Electron density phantom model 062 M and (b) acrylic phantom with different concentrations of iodinated
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ontrast medium inserted.

anufacturer. For the acrylic phantom, syringes were filled
ith solutions prepared by diluting iodine contrast medium

Omnipaque 300, GE Healthcare, Princeton, New Jersey, USA)
ith water to predetermined concentrations of 0, 1, 2, 3, 4, 5,

, 7, 8, 9, 10, 20, 40, 60, 90, and 130 mg  iodine per ml.

.1.  CT  and  REDraw images  reconstructed  using  DECT

ECT scans were acquired with the CT scanner (Aquilion
ne; Toshiba, Tokyo, Japan) at Hiroshima University Hospital.
T scans were performed at tube voltages of 80 and 135 kV.
ube currents of 800 and 200 mA  were used for 80 and 135 kV,
espectively. The time to switch the tube voltage between 80
nd 135 kV was 0.4 s. The other scanning parameters were
otation time of 1.0 s, slice thickness of 0.5 mm,  and field of
iew of 400 mm.  The total number of slices was 80, and the
iddle of each slice was analyzed in all cases. The Aquil-

on One can use a metal artifact reduction algorithm called
ingle-energy metal artifact reduction (SEMAR).15 SEMAR uses

 modified sinogram inpainting technique to reduce metal
rtifacts. The CT images were reconstructed with and without
EMAR.

The CT number of a material is defined by

T number =
[

� − �water

�water − �air

]
× 1000 (1)

here � is linear attenuation coefficient for the material, and

water and �air are the attenuation coefficients of water and
ir, respectively.

The unit for CT numbers is Hounsfield units (HU); by defi-
ition, water is zero HU and air is −1000 HU.

In the CT energy range, the linear attenuation coefficient �

f for the photon energy E can be described by photoelectric
bsorption and Compton scattering.15 The simplified formula
s

(E) = mpfp(E) + mcfc(E) (2)
here mp and mc are constants that depend on the mate-
ial, and fp and fc are functions that depend on the energy,
, for the photoelectric absorption and Compton scattering,
respectively. The photoelectric absorption depends on both
the effective atomic number and the relative electron density
of the material, while the Compton scattering does not depend
explicitly on the effective atomic number, Eq. (2) can therefore
be reformulated as follows:

�(E) = f (�e, Zeff, E) + f (�e, Zeff) (3)

where �e is the REDraw and Zeff is the effective atomic number.
In DECT processing, a linear attenuation coefficient could be
showed by 2 basis materials as follows:

�(E) = �1(E)c1 + �2(E)c2 (4)

where coefficients c1 and c2 are vary spatial and independent
of energy. The �1(E) and �2(E) are known functions of photon
energy.

By solving Eqs. (3) and (4), the RED and Zeff can be obtained.
The software package ImageJ (National Institutes of Health,
Bethesda, Maryland, USA) was employed to analyze the CT and
REDraw images. This is the basis for the sinogram-based recon-
struction, which is implemented in the CT scanner. That is,
the REDraw images are directly obtained from the reconstruc-
tion and not from a post-process, unlike the method described
in the next section. The standard deviation (SD) of CT num-
bers and the average values of REDraw values were measured
within a manually drawn region of interest (ROI) using ImageJ.
Circular ROIs were drawn to cover an area as large as possible
within each of the materials.

2.2.  REDcal calculated  by  the  �HU–RED  conversion
method  using  DECT

REDcal images were calculated using the �HU–RED conversion
method proposed by Saito9 which applies reconstructed CT
images. The RED can be expressed by the weighted subtraction
of linear attenuation coefficients measured at two  different
energies.16 Saito introduced a dual-energy subtracted quan-

tity, �HU, into the RED calibration, which is defined as

�HU = (1 + ˛)HUH − ˛HUL, (5)

https://doi.org/10.1016/j.rpor.2019.07.013
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where HUH and HUL are the CT number in Hounsfield units
for high-kV and low-kV scans, and  ̨ is the weighting factor
for the subtraction. For materials with lower effective atomic
numbers (as in human tissues),  ̨ could be regarded as a single,
material-independent parameter specified only by the mean
energies of the high-kV and low-kV spectra of the CT scanner.
Thus, the relationship between �HU and RED is an invariably
linear relation. The scanner-specific  ̨ is numerically deter-
mined using a �HU–RED data set to maximize the coefficient
of determination, r2, by a least-squares fit to the linear func-
tion. The REDcal, defined as �cal

e for �HU with each  ̨ using Eq.
(5), is fitted as follows:

�cal
e = a

�HU
1000

+ b (6)

In this fitting process, the coefficient of determination r2

is evaluated and, then, we  determine the optimal  ̨ that pro-
vides the largest r2. In the ideal case, r2, slope a, and intercept
b are unity. In order to determine the weighting factor ˛, a,
and b, we first performed the �HU–RED conversion for the ED
phantom using their measured CT numbers and manufacturer
specified RED. In the current study, we  used two types of the
calibration method using the ED phantom. For one calibra-
tion, RED values range from 0.190 (lung inhale) to 1.695 (solid
dense bone (1250 mg/cm3)) were used for �HU–RED conver-
sion (Lung-Bone model). For the human tissue materials, only
this method was used. For the other, the RED values ranging
from 0.190 (lung inhale) to 3.735 (titanium rod core) were used
for �HU–RED conversion (Lung-Ti model). Additional, REDcal

value ranges from lung inhale to titanium with SEMAR was
used for �HU–RED conversion (Lung-Ti model with SEMAR).
These two  latter models corresponded to materials with a
higher density, such as metal and contrast medium. The deter-
mined conversion parameters of ˛, a, and b were used for the
calibration.

2.3.  Evaluation  of  REDraw and  REDcal values

Only for the tissue-equivalent materials in the ED phantom
reference values for the RED was provided. Therefore, the
accuracy of the REDraw and the REDcal was first established in
this phantom by using the vendor specified values for the RED
as a reference (REDref). In contrast, no ground truth reference
RED could be accurately calculated for the contrast medium.
Instead, only the difference between REDraw and REDcal was
calculated here. But as seen in Table 1, the REDraw provided
the most accurate RED estimates for the ED phantom and at
the same time the standard deviation for the REDraw values
was lower than for the REDcal. Therefore, the REDraw values
were seen as the reference values for the RED estimates in the
contrast media.

3.  Results

3.1.  REDraw and  REDcal using  the  CT–ED  phantom
Fig. 2 shows r2 as a function of the weighting factor  ̨ used in
the calculation of REDcal, Eq. (5). Here, the weighting factor ˛

was set to 0.85 for Lung-Ti model with and without SEMAR
iotherapy 2 4 ( 2 0 1 9 ) 499–506

and 1.05 for Lung-Bone model because these provided the
largest r2. The corresponding REDcal, defined as the �cal

e value,
was fitted to the data. Fig. 3(a) shows the CT number–RED
and �HU–RED plots and a magnified portion of the soft-tissue
region between ±100 HU is shown in Fig. 3(b). The results of the
a and b, for the fitted curve were 1.000 and 0.987 for the Lung-
Bone model, 0.900 and 0.974 for Lung-Ti model, and 0.900 and
0974 for Lung-Ti model with SEMAR, respectively.

Table 1 shows the deviations from the REDref, and the stan-
dard deviation (SD) of the REDraw and REDcal (Lung-Bone, and
Lung-Ti and Lung-Ti with SEMAR) in the ED phantom. The
deviation of REDraw from REDref was at most 3.4% from lung
inhale to titanium. The SDs of REDraw were 0.03 at a range of
lung inhale to titanium. The differences of REDcal (Lung-Bone,
Lung-Ti, and Lung-Ti with SEMAR) from REDref, i.e., in the
ED phantom, were within −3.8%, −5.0%, and −5.0%, respec-
tively, from lung inhale to solid dense bone. However, in the
titanium rod core contained in the ED phantom, the devia-
tions of REDraw and REDcal (Lung-Bone, Lung-Ti, and Lung-Ti
with SEMAR) from REDref were −0.5%, 50.8%, 15.4% and 13.0%,
respectively. The SD of the REDraw was significantly lower than
the REDcal in the breast, adipose, liver, muscle and titanium.
From these results, the REDraw was more  accurate than the
REDcal (Lung-Bone, and Lung-Ti and Lung-Ti with SEMAR) at
a range of low-RED to high-RED. Therefore, the REDraw was
defined as the reference values using the acrylic phantom
in which were inserted different concentrations of iodinated
contrast medium (Section 2.3).

3.2.  REDraw and  REDcal for  iodinated  contrast  medium

Table 2 shows the results of the average and the SD of REDraw

and REDcal, and the difference between the REDraw and the
REDcal for the different concentrations of iodinated contrast
medium. The REDraw and REDcal increased as the concen-
tration of the contrast medium increased. The differences
between REDcal and REDraw (Lung-Bone model, Lung-Ti model
and Lung-Ti model with SEMAR), were within 10% for con-
centrations less than 20 mg/ml. In contrast, the maximum
deviations of REDcal (Lung-Bone, Lung-Ti and Lung-Ti with
SEMAR) and REDraw in the contrast medium phantom were
8.2%, −23.7%, and 28.7% at a concentration of 130 mg/ml.
Although the REDcal (Lung-Ti) increased for the concentra-
tion of the contrast medium within 0–90 mg/ml, it decreased
at a concentration of 130 mg/ml. The SD for REDraw was sig-
nificantly lower than for REDcal for low concentrations of the
contrast medium.

4.  Discussion

The current study investigated the accuracy of REDraw and
REDcal using an ED phantom and provided the data of an
acrylic phantom with different concentrations of contrast
medium inserted. The current study showed that there was
a good agreement in REDraw values compared with the refer-

ence data in tissue-equivalent materials in the range of 0.190
(lung inhale) to 1.695 (solid dense bone (1250 mg/cm3)). REDcal

values for titanium differed for the three models (Table 1)
showing that the REDcal values could be affected by beam

https://doi.org/10.1016/j.rpor.2019.07.013
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Table 1 – The deviation of REDraw and REDcal from REDref. The REDcal was calculated using three models: the Lung-Bone model, the Lung-Ti model, the Lung-Ti model
with SEMAR using a tissue-equivalent phantom.

REDref REDraw REDcal(Lung-Bone) REDcal (Lung-Ti) REDcal (Lung-Ti)(SEMAR)

Average SD (Ref–Raw)
Diff (%)

Average SD (Ref–Cal)
Diff (%)

Average SD (Ref–Cal)
Diff (%)

Average SD (Ref–Cal)
Diff (%)

Lung (inhale) 0.19 0.19 0.03 −0.39 0.16 0.00 2.79 0.23 0.00 −4.13 0.23 0.00 −4.10
Lung (exhale) 0.49 0.51 0.03 −2.48 0.50 0.01 −1.51 0.54 0.01 −5.01 0.54 0.01 −4.98
Breast 0.98 0.98 0.03 −0.06 0.96 0.25 1.44 0.95 0.25 2.65 0.95 0.25 2.68
Adipose 0.95 0.97 0.03 −2.08 0.95 0.14 0.05 0.94 0.14 1.24 0.94 0.13 1.27
Liver 1.05 1.05 0.02 0.53 1.04 0.20 1.37 1.02 0.20 3.20 1.02 0.20 3.23
Muscle 1.04 1.04 0.03 −0.27 1.05 0.19 −0.52 1.03 0.19 1.43 1.03 0.19 1.46
Bone (200 mg/cm3) 1.12 1.10 0.03 1.11 1.11 0.05 0.73 1.10 0.05 2.01 1.10 0.05 2.04
Bone (800 mg/cm3) 1.45 1.42 0.03 3.38 1.46 0.02 −0.69 1.45 0.02 0.24 1.45 0.02 0.27
Bone (1250 mg/cm3) 1.69 1.69 0.03 −0.03 1.73 0.02 −3.82 1.71 0.02 −2.08 1.71 0.02 −2.05
Ti 3.73 3.73 0.03 0.45 3.22 0.53 50.76 3.58 0.54 15.40 3.60 0.54 13.00

https://doi.org/10.1016/j.rpor.2019.07.013
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Fig. 2 – r2 used to fit the �HU–RED data set to Eq. (4) as a function of the weighting factor ˛.

Fig. 3 – (a) CT number–RED and �HU–RED plots and (b) a magnified portion of the soft-tissue region between ±100 HU.

Table 2 – The average and SD of the REDraw and REDcal calculated in three models: the Lung-Bone model, and the Lung-Ti
models, Lung-Ti models with SEMAR using the acrylic phantom with contrast medium inserted. The difference of the
REDraw and REDcal with three models was calculated.

REDraw REDcal(Lung-Bone) REDcal (Lung-Ti) REDcal (Lung-Ti) (SEMAR)

Average SD Average SD (Raw–Cal)
Diff (%)

Average SD (Raw–Cal)
Diff (%)

Average SD (Raw–Cal)
Diff (%)

1 1.00 0.05 1.00 0.32 −0.03 0.99 0.32 1.35 0.99 0.99 1.38
2 1.00 0.05 0.99 0.12 1.22 0.98 0.12 2.08 0.98 0.98 2.11
3 1.01 0.03 1.00 0.12 1.05 0.99 0.12 1.80 0.99 0.99 1.83
4 1.01 0.05 1.01 0.05 −0.46 1.00 0.05 0.18 1.00 1.00 0.21
5 1.00 0.04 1.02 0.09 −1.39 1.01 0.09 −0.80 1.01 1.01 −0.77
6 1.00 0.05 1.00 0.05 0.62 1.00 0.05 0.53 1.00 1.00 0.56
7 1.01 0.04 1.02 0.04 −1.08 1.02 0.04 −0.95 1.02 1.02 −0.92
8 1.00 0.05 1.01 0.05 −1.20 1.02 0.05 −1.62 1.02 1.02 −1.59
9 1.01 0.04 1.03 0.03 −1.55 1.03 0.03 −2.07 1.03 1.03 −2.04
10 1.00 0.04 1.02 0.02 −1.97 1.03 0.02 −2.96 1.02 1.02 −2.00
20 1.03 0.05 1.09 0.02 −5.71 1.12 0.02 −8.93 1.10 1.10 −6.53
40 1.08 0.05 1.14 0.01 −6.01 1.22 0.01 −14.40 1.24 1.24 −15.95

1.39 

1.55 

1.75 
60 1.18 0.05 1.26 0.01 −8.44 

90 1.32 0.05 1.34 0.02 −1.91 

130 1.51 0.04 1.43 0.02 8.20 
hardening in materials with a higher density and high atomic
number, such as titanium. Materials with a high density can-
not therefore be estimated accurately using the REDcal model.
In contrast, the precision and the accuracy of REDraw were
0.01 −21.12 1.42 1.42 −23.67
0.02 −22.65 1.61 1.61 −28.68
0.02 −23.70 1.31 1.31 20.09
significantly higher than the REDcal at the range of low-RED
to high-RED (Table 1). Owing to these results, the REDraw

was assumed to also give an accurate estimate in the con-
trast medium. Compared with the REDcal, the differences were

https://doi.org/10.1016/j.rpor.2019.07.013
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ithin 10% for concentrations less than 20 mg/ml. Bae showed
hat the maximum iodine concentration of abdominal aorta
r liver that had undergone an injection of contrast medium
as within 15 mg/ml.17 Thus, the differences between REDraw

nd REDcal were within 10% at the concentration of the con-
rast medium used clinically. The accuracy of the REDcal was
ithin the SD value of the REDraw for concentrations less

han 10 mg/ml. Although the REDcal could be useful for con-
entrations less than 10 mg/ml, the dose difference should
e confirmed for concentrations over 10 mg/ml  on radiother-
py treatment planning. A previous study reported the effect
f intravenous contrast media on dose calculations in three-
imensional conformal radiation therapy (3D-CRT).18 The
ose differences between the planning image  set using intra-
enous contrast and the image  set without contrast showed
n average increase in Monitor Units of 0.75–1.28%. Thus, the
ffect on dose from the contrast medium could be small in
hoton-based external radiotherapy.

Jang et al. reported that Lipiodol, which is used in trans-
rterial chemoembolization (TACE), had a larger CT number,
nd its value was within 2000 HU.19,20 The RED converted
rom the CT number, with a value around 2000 HU using
he CT number–ED calibration table in Fig. 3 was approx-
mately 1.8–2.0 g/cm3 for 80 kV and 135 kV, respectively. A
igh-concentration contrast medium at over 20 mg/ml  has
een used for TACE. The REDcal (Lung-bone) model was in good
greement, within 10%, compared with the other models in
he 0–130 mg/ml  range. The REDcal (Lung-Ti and Lung-Ti with
EMAR) model included titanium, thereby the beam hardening
rtifact affected the CT number in titanium. The SEMAR algo-
ithm reduced the metal artifact in titanium, and the accuracy
f the REDcal was improved. In the contrast medium, the
ED should be increased as the concentration of the contrast
edium is increased. The REDcal with three models (Lung-

i and Lung-Ti with SEMAR) at 130 mg/ml  of the contrast
edium was decreased compared with 90 mg/ml. Hence, the

econstruction image  of the contrast medium at 130 mg/ml
ould be greatly affected by the metal artifact reduction. The
T number and RED of titanium were larger than the con-

rast medium. Therefore, the REDcal (Lung-Ti and Lung-Ti with
EMAR) was definitely affected by the beam hardening artifact.
lthough the SEMAR algorithm reduces the beam harden-

ng artifact around the materials with a higher density by
xcluding data in the metal trace region of the sinogram, it
ould not decrease artifacts in the materials with a higher
ensity.

The limitation of the current study was that we did not eval-
ate how the difference of the RED caused the dose difference

n radiation therapy treatment planning. However, a previous
tudy revealed the dose difference in the case of varying rel-
tive RED.21 Kilby et al. reported that the dose difference in
rostate, breast, lung, and brain when increasing the relative
ED by 3% for water and soft tissues, 5% for lung, and 8% for
one with 6- to 16-MV photon beams were within 1.7%. There-
ore, the dose difference was small by comparison with the
ifference of the RED. The REDraw and REDcal values could be
seful for radiation treatment planning. Especially, the REDraw

educed the beam hardening artifact, and it could obtain high
ccuracy and precision, and did not need the CT numbers–RED
r �HU–RED conversion or something similar.
therapy 2 4 ( 2 0 1 9 ) 499–506 505

5.  Conclusion

The REDraw data was highly accurate and precise in all tissue-
equivalent inserts and the contrast medium at 0–130 mg/ml.
The REDcal values could be affected by beam hardening arti-
facts and the precision could be lower for low absolute CT
numbers. The REDcal data in the contrast medium is accurate
at concentrations of contrast medium used in clinical practice.
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