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ABSTRACT
Background and purpose: Dual-energy computed tomography (DECT) is increasingly used in radio-
therapy delineation due to its enhanced soft tissue contrast. DECT also supports direct dose calculation. 
However, as most current DECT scanners allow for use in only certain body regions, conventional sin-
gle-energy computed tomography (SECT) is still needed for some patients. A safe clinical introduction of 
DECT thus requires a combined workflow. This study therefore investigates whether a unified Hounsfield 
look-up table (HLUT) can be applied across SECT and DECT reconstructions.
Patient/material and methods: A Gammex Advanced Electron Density phantom containing  
tissue-equivalent inserts was scanned using SECT (70–140 kVp and Sn100–Sn140 kVp, Sn meaning 
tin-filtered) and dual-spiral DECT to identify matching HLUTs for three SECT methods, including a standard 
reconstruction (only 120 kVp; Method 1), and kVp-independent reconstructions providing mass density 
(MD; Method 2) or relative electron density (RED; Method 3). Dose agreement was subsequently tested on 
two anthropomorphic phantoms. For each SECT method, DECT reconstructions were compared through 
voxel-wise analysis of computed tomography (CT) numbers, and by performing dose calculations in three 
anatomical regions: head, thorax, and abdomen/pelvis.
Results: Across all three SECT methods, DECT reconstructions with acceptable clinical CT number agree-
ment were identified. Corresponding dose calculations between SECT- and DECT-based plans showed 
minimal differences.
Interpretation: This phantom study demonstrates that a unified HLUT can be applied across SECT and 
DECT using standard 120 kVp, MD, or RED reconstructions. This approach may streamline clinical work-
flows and support a safe and practical transition to DECT-based treatment planning.
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Introduction

In radiotherapy (RT) treatment planning, computed tomogra-
phy (CT) scans serve as the prime imaging modality with a dual 
purpose: delineation of tumors and organs-at-risk (OARs) and 
dose calculation [1]. The current standard is single-energy com-
puted tomography (SECT), which operates at a single tube 
potential (typically 120 kVp) and provides high anatomical con-
trast between tissues with different densities, such as bone and 
airways [2]. However, SECT has limited ability to distinguish 
between different soft tissues like muscle, fat, and tumors.

One strategy to improve SECT image quality is adapting scan 
protocols to patient anatomy by selecting optimized tube 
potentials. Lower tube voltages (~70–80 kVp) improve contrast 
in smaller or less dense patients, while higher tube voltages 
(~130–140 kVp) reduce noise and artifacts in larger patients [3]. 
Accurate dose calculation, however, depends on precise 
conversion of CT numbers to relative electron density (RED) or 
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mass density (MD) using Hounsfield look-up tables (HLUTs) [4]. 
Since CT numbers in Hounsfield units (HU) are energy-
dependent, each tube voltage setting requires a specifically 
calibrated HLUT, increasing clinical complexity and the risk of 
applying incorrect HLUTs during dose calculation.

An attractive alternative to multiple voltage-dependent 
HLUTs is the Direct Density (DD) reconstruction algorithm 
(Siemens Healthineers, Forchheim, Germany), which generates 
quantitative images in RED (DDe) or MD (DDm) units [5–7]. 
These reconstructions are designed to be tube voltage-
independent, allowing for optimal SECT image quality across 
patients without requiring multiple HLUTs.

To improve soft tissue contrast dual-energy computed 
tomography (DECT) has been proposed [8]. DECT is already well-
established in diagnostic imaging [9], and is increasingly explored 
in RT as a potential alternative to MRI for tumor and OAR 
delineation [10–12]. Dual-spiral DECT operates at two distinct 
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tube potentials, typically low-energy (~80 kVp) and high-energy 
(~140 kVp) [13], and enables advanced reconstructions such as 
virtual monoenergetic images (VMIs) and RED maps [14–16].

Integrating DECT into RT introduces mixed SECT and DECT 
workflows, as DECT may not be feasible in body regions affected 
by motion, time-resolved 4DCT or contrast-enhancement using 
bolus tracking [17]. In general, SECT and DECT require separate 
HLUTs due to differences in spectral and reconstruction 
characteristics, complicating clinical implementation of DECT 
by introducing additional HLUTs to establish and maintain, as 
well as increasing the risk of applying incorrect HLUTs during 
dose calculation.

Several studies have evaluated DECT reconstructions (VMIs, 
RED, Virtual Non-Contrast) for dose calculation across various 
tumor sites, comparing them to standard 120 kVp SECT-based 
plans [16, 18–21]. However, to our knowledge, no studies have 
explored combining SECT and DECT reconstructions to support 
a flexible clinical workflow with a unified HLUT for dose 
calculation.

This study aims to develop a robust, fail-safe method for 
applying a unified HLUT across both SECT- and DECT-based 
workflows, ensuring consistent dose calculations, optimizing 
treatment safety, improving image quality and streamlining RT 
planning.

Material and methods

This is an experimental phantom study. No clinical patient data 
were used, and the EQUATOR guidelines were not applicable.

Phantom setup and scanning protocol

A Gammex Advanced Electron Density phantom (Sun Nuclear – 
A Mirion Medical Company, Middelton, WI, USA; Figure 1A) sim-
ulating a head and body geometry of an adult and containing 
nine tissue-equivalent inserts with respect to X-ray interactions 
(mass densities of 0.525–1.924 g/cm3, Supplementary Material, 
Table S1) was used in this study. To cover higher densities, an 
aluminum insert (MD = 2.71 g/cm3) was used. The Gammex 
phantom was scanned using a 16-bit CT scanner (SOMATOM 

go.Open Pro, Siemens Healthineers, Forchheim, Germany; ver-
sion VB20) to generate HLUTs for both SECT and DECT acquisi-
tions. A step-by-step guide (step 1–3) was followed [22], though 
without separate CT scans for each bone insert, and the HLUTs 
were generated by linear interpolation of the CT numbers and 
RED for the individual inserts.

Single-energy CT acquisition, reconstruction methods and 
HLUT generation

SECT scans were acquired for both the head and body geome-
try. To cover variations in treatment planning practice in RT, 
three distinct SECT reconstruction methods were implemented 
for HLUT generation. Method 1: 120 kVp standard reconstruc-
tion (Siemens Qr40 kernel); Method 2: DDm (Siemens Sm40 ker-
nel) reconstruction and Method 3: DDe (Siemens Sd40 kernel) 
reconstruction.

The energy spectra used for DD reconstructions ranged from 
70 kVp to 140 kVp, and from Sn100 kVp to Sn140 kVp in 10 kVp 
increments for the body geometry. For the head geometry 80, 
120 and Sn140 kVp were used. The ‘Sn’ designation refers to the 
use of a tin (Sn) filter placed in front of the X-ray tube, which 
removes low-energy photons from the beam, resulting in a harder 
energy spectrum compared to acquisitions without the Sn filter.

Beam hardening correction (BHC) [23] for bone was applied 
to all SECT and DECT reconstructions, minimizing differences 
between HLUTs derived from the head and body geometry. For 
Method 1, the SECT-based HLUT was generated as the average 
of CT numbers obtained from 120 kVp scans of the head and 
body geometry, respectively. For Method 2 and 3, the DDm- and 
DDe-based HLUTs were each constructed by averaging CT 
numbers from scans in both geometries across all the energy 
spectra in the range of 70 kVp to Sn140 kVp.

Dual-energy CT acquisition, reconstruction methods and 
HLUT generation

DECT scans were acquired using 80 kVp/Sn140 kVp in head 
mode and 100 kVp/Sn140 kVp in body mode, DECT reconstruc-
tions included VMIs (at energies of 40–190 keV in steps of 10 keV 

Figure 1.  (A) Gammex Advanced Electron Density phantom (Sun Nuclear – A Mirion Medical Company, Middelton, WI, USA). (B) Anthropomorphic 
whole-body phantom (PBU-60, Kyoto Kagaku, Kyoto, Japan). (C) Head-and-neck phantom (731-HN, CIRS, Sun Nuclear – A Mirion Medical Company, Norfolk, 
VA, USA).
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overall, and 1 keV steps in selected energy ranges of interest), 
RED, and DDm/DDe images generated from the high- 
energy spectrum only (Sn140 kVp) for both head and body 
modes.

In this study, the term ‘CT number’ in HU is used as a general 
term to describe voxel values of a CT image reconstruction. RED, 
DDm, and DDe are linear scaled densities: RED/DDm/DDe = 
(‘voxel value’ / 1,000) + 1.

Validating matching HLUTs on the Gammex phantom

For each of the three SECT methods, the corresponding optimal 
DECT-based HLUT was identified by calculating the root mean 
square error (RMSE) between the CT numbers for each of the 
nine tissue-equivalent inserts in the Gammex phantom in the 
SECT and DECT reconstructions:

∑RMSE
n

x y= 
1

–i
n

i i=1
2( ) � (Eq. 1)

where x and y refer to the CT numbers measured in the 
inserts with SECT and DECT, respectively, i refers to the inserts, 
and n is the number of inserts (n = 9).

The DECT HLUT resulting in the lowest RMSE was considered 
the best match.

Validating matching HLUTs on anthropomorphic  
phantoms

To validate the proposed approach in a clinically relevant set-
ting, an anthropomorphic whole-body phantom (PBU-60, Kyoto 
Kagaku, Kyoto, Japan; Figure 1B) and a head-and-neck phantom 
(731-HN, CIRS, Sun Nuclear – A Mirion Medical Company, 
Norfolk, VA, USA; Figure 1C) were scanned in SECT and DECT 
mode using the same protocols as described in the  previous 
sections with a CTDIvol,16cm of ~55 mGy (head), CTDIvol,32cm ~4 mGy 
(thorax), and CTDIvol,32cm ~10 mGy (abdomen/pelvis) for both 
SECT and DECT. The scans were reconstructed with a slice thick-
ness of 1 mm using Method 1, Method 2, and Method 3 for SECT, 
as well as the identified best-matching DECT reconstructions. 
The image resolution was 512 × 512 pixels and the reconstruc-
tion field-of-view was set to 600 × 600 mm2 for the whole-body 
phantom and 300 × 300 mm2 for the head-and-neck phantom.

For the whole-body phantom, three clinical target volumes 
(CTVs) were delineated to simulate common tumor sites in the 
brain, lung, and lumbar spine (L3–L4). A single CTV was 
delineated in the brain of the head-and-neck phantom. The 
CTVs were delineated on the SECT image from Method 1 and 
rigidly copied to all six image sets, corresponding to the three 
matched pairs of SECT and DECT reconstructions (Figure 2).

For each CTV defined in the phantoms, a SECT-based 
treatment plan was created using each of the three SECT 
reconstruction methods (Method 1, Method 2, and Method 3), 
each with its associated HLUT. The treatment plans were 
performed using the Eclipse treatment planning system (version 
18.0, Varian Medical Systems, Palo Alto, CA, USA), employing the 

Acuros XB algorithm, for three clinically relevant treatment 
scenarios: brain (palliative: 20 Gy in 4 fractions, with the CTV 
mean dose normalized to the prescribed dose; 3D conformal RT 
with two lateral beams), lung (curative: 66 Gy in 33 fractions, 
with the CTV mean dose normalized to the prescribed dose; 
IMRT with six beams), and L3–L4 of the lumbar spine (stereotactic 
body RT: 37.5 Gy in 3 fractions, with 95% of the prescribed dose 
covering the CTV and with no normalization; VMAT with three 
full arcs). These SECT-based plans were then re-calculated on 
the best-matching DECT reconstructions using the same HLUTs 
as in the original SECT treatment plans (Figure 2).

CT number assessment in the anthropomorphic phantoms

Pairwise scatter plots were generated to visualize voxel-wise CT 
number correspondence between SECT and DECT reconstruc-
tions for all three methods and all evaluated anatomical sites. 
The CT numbers in the SECT scans were grouped into 50  HU 
bins, ranging from –1,000 HU to 2,000 HU, and then averaged 
within each bin. The CT numbers in the DECT scans in voxels cor-
responding to each bin in the SECT scan were similarly binned, 
and the averaged CT number from each bin in the SECT and 
DECT scan were plotted against each other. Bins containing 
fewer than 20 voxels (corresponding to < 0.02 cm3) were dis-
carded and excluded from subsequent analysis. To evaluate 
agreement between the pairwise scatter plots, RMSEs were cal-
culated using (Eq. 1) with i representing the bins and x and y 
taken as the averaged CT numbers in each bin.

Dose distribution assessment in the anthropomorphic 
phantoms

Bland-Altman plots were generated to visualize voxel-wise dose 
agreement between SECT and DECT reconstructions across all 
methods and anatomical sites. The datapoints in the plots were 
generated by grouping the voxels in the SECT dose distribution 
into 0.5 Gy bins, and averaging the dose within each bin as well 

Figure 2.  In three methods the correspondence of matched pairs of sin-
gle-energy computed tomography (SECT) and dual-energy computed 
tomography (DECT) were tested in relation to dose calculation in three ana-
tomical regions (head, thorax, abdomen/pelvis).
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as averaging the dose from the corresponding voxels in the 
DECT dose distribution. To evaluate the agreement between the 
dose in the pairwise dose bins, RMSEs were calculated using 
Eq. (1) with i representing the bins and x and y taken as the aver-
aged dose in each bin.

For each anatomical site, the binned SECT–DECT dose 
differences in percentages of prescribed doses were further 
grouped into boxplots for voxels receiving > 10% of the 
prescribed dose (Th10%) representing the low-dose volume 
and > 50% of the prescribed dose (Th50%) representing the 
high-dose volume.

For each CTV and method, 3D gamma analysis [24] was 
performed using the SECT-based dose distribution as the 
reference. The gamma criteria were set to 1 mm distance- 
to-agreement, 1% dose difference, using local normalization (i.e. 
1% of the SECT-based dose at each voxel) and applying a dose 
threshold of 10% of the maximum dose in the SECT-based dose 
distribution.

High-density volumes (> 1.924 g/cm³) were < 1.0 cm³ in the 
whole-body phantom and < 4.5 cm³ in the head-and-neck 
phantom (mainly in the teeth). None of the high-density 
volumes were within the CTVs, and < 0.1 cm³ fell inside the 
Th10% volumes. Thus, the aluminum insert in the HLUTs had 
minimal impact on the dose calculations.

Results

Best matching HLUTs

The best-matching HLUTs for all three methods are illustrated in 
Figure 3 with the RED of the Gammex phantom inserts plotted 
against the average CT numbers. For the SECT standard recon-
struction (Method 1), the corresponding optimal DECT-based 
HLUT was identified among the VMI reconstructions (Figure 4). 
The VMI at 71 keV demonstrated the best agreement, yielding 
the lowest RMSE over the nine tissue-equivalent inserts of 4 HU. 
The DECT-derived DDm from Sn140 kVp (Method 2) most 
closely matched the SECT DDm, with an RMSE of 5 HU. The DECT 
RED provided the closest correspondence for the SECT DDe 
(Method 3), with an RMSE of 6 HU. An overview of the RMSE cal-
culations for all three methods across all evaluated DECT recon-
structions is provided in Supplementary Material, Table S2.

CT number and dose evaluations in the anthropomorphic 
phantoms

Figure 5 shows voxel-wise scatter plots comparing CT numbers 
between SECT and the best matching DECT for the whole-body 
phantom and the head-and-neck phantom across all three 
methods. In the head region for Method 1, the scatter points 
align closely with the identity line, indicating good agreement, 
with RMSEs of 27 HU for the whole-body phantom and 21 HU for 
the head-and-neck phantom. For Method 2, deviations are seen 
for CT numbers above ~500 HU (whole-body phantom) and 
~1,100 HU (head-and-neck phantom), where SECT values 
exceed DECT with RMSEs of 127 HU and 183 HU, respectively. 

Method 3 shows larger discrepancies, with deviations above 
~300 HU (whole-body phantom) and ~900 HU (head-and-neck 
phantom), with RMSEs of 279 HU and 216 HU, respectively.

Trends in the scatter plots for the thorax and abdomen/pelvis 
region mirror those from the head region: Method 1 shows the 
best agreement, Methods 2 and 3 moderate and larger 
deviations. RMSEs for thorax were 42 HU, 53 HU, and 90 HU, and 
for abdomen/pelvis 43 HU, 78 HU, and 124 HU for Methods 1, 2, 
and 3, respectively.

Figure 6 presents Bland–Altman plots of voxel-wise dose 
differences between SECT and the best matching DECT. For the 
whole-body phantom in the head region, Methods 1 and 2 show 
small negative offsets (< 0.1 Gy), indicating slightly higher DECT 

Figure 3.  Best-matching HLUTs for all three methods plotted as RED versus 
average voxel values, that is CT numbers in Hounsfield units (HU) for Method 
1, scaled mass densities (Method 2), and scaled relative electron densities 
(Method 3). The datapoints correspond to the Gammex phantom inserts. 
Method 1: circles; Method 2: squares; Method 3: diamonds. Inset (lower right 
corner): Zoomed view of the soft tissue region around 0 HU. SECT: single- 
energy computed tomography; DECT: dual-energy computed tomography; 
HLUT: Hounsfield look-up table; VMI: virtual monoenergetic images; RED: 
relative electron density.

Figure 4.  DECT-based HLUTs from VMI reconstructions, at energies of 
40–190 keV in steps of 10 keV and the HLUT for the SECT 120 kVp standard 
reconstruction (Method 1). CT: computed tomography; SECT: single-energy 
computed tomography; DECT: dual-energy computed tomography; HLUT: 
Hounsfield look-up table; HU: Hounsfield units; VMI: virtual monoenergetic 
images.
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dose estimates. At ~18–22 Gy, Method 2 shifts towards positive 
deviations up to ~0.2 Gy. Method 3 shows a consistent positive 
offset (~0.1 Gy) with deviations increasing to ± 0.4 Gy around 18–
22 Gy. In contrast, for the head- 
and-neck phantom, all methods align closely with the zero line, 
indicating good agreement, with only minor upward trends (< 0.2 
Gy) around 18–22 Gy. The RMSEs for the whole-body phantom 
were 0.06 Gy for Method 1, 0.07 Gy for Method 2, and 0.11 Gy for 
Method 3. For the head-and-neck phantom, the RMSEs were 0.04 
Gy for Method 1 and 2, and 0.05 Gy for Method 3.

Trends in the Bland–Altman plots for the thorax and 
abdomen/pelvis in the whole-body phantom mirror those from 
the head region: Method 1 remains close to zero, while Methods 
2 and 3 show increasing positive deviations. In the thorax, 
Method 2 stays within 0.4 Gy, whereas Method 3 exceeds 0.5 Gy. 
In the abdomen/pelvis, deviations reach ~0.5 Gy for Method 2 
and up to nearly 1 Gy for Method 3, indicating increasing SECT-
DECT discrepancy. RMSEs for the thorax were 0.04 Gy for Method 
1, 0.14 Gy for Method 2, and 0.34 Gy for Method 3; and for the 
abdomen/pelvis 0.02  Gy  for Method 1, 0.22 Gy for Method 2, 
and 0.41 Gy for Method 3.

Figure 7 shows boxplots of dose differences between SECT 
and the best matching DECT within Th10% and Th50% volumes. 
For the whole-body phantom in the head region, Methods 1 
and 2 show median differences around –0.2% and all outliers 
below ± 1.2%. Method 3 shows a positive median difference 

(~0.3%) and outliers up to ± 1.8%. Similar trends are seen in the 
boxplots for the whole-body phantom in the thorax and 
abdomen/pelvis regions, though Method 3 shows more 
pronounced outliers, with dose differences exceeding 2.0% in 
the abdomen/pelvis region. For the head-and-neck phantom, all 
methods show negligible differences: medians near 0% and 
only a few positive outliers up to 1.0%, confirming high 
consistency between SECT and DECT in this phantom.

Gamma analysis performed within the CTVs yielded 100% 
passing rates across all three methods and anatomical sites for 
both phantoms, using the evaluation criteria of 1 mm distance-
to-agreement, 1% dose difference (local normalization), and a 
10% dose threshold. This confirms high spatial and dose 
agreement between SECT- and DECT-based dose distributions 
within target regions.

Discussion and conclusion

Combined SECT and DECT workflows are becoming more fre-
quently encountered in RT and are likely to further increase in 
the future. This study aimed to develop a robust, fail-safe 
method for applying a unified HLUT applicable to both SECT- 
and DECT-based workflows. The approach was designed to 
ensure consistent dose calculation across SECT and DECT recon-
structions, thereby optimizing treatment safety, improving 
image quality, and streamlining RT workflows. By eliminating 

Figure 5.  Pairwise scatter plots visualizing voxel-wise CT number correspondence in 50 HU bins between SECT and DECT reconstructions. (A) Head of 
whole-body phantom. (B) Head-and-neck phantom. (C) Thorax of whole-body phantom. (D) Abdomen/pelvis of whole-body phantom. Black lines: Identity 
lines. CT: computed tomography; SECT: single-energy computed tomography; DECT: dual-energy computed tomography; HU: Hounsfield units.
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Figure 6.  Bland–Altman plots visualizing voxel-wise dose correspondence in 0.5 Gy bins between dose calculations performed on SECT and DECT recon-
structions. The x-axis (Mean Dose) represents the mean of the SECT and DECT dose values for the voxels in each bin. (A) Head of whole-body phantom. (B) 
Head-and-neck phantom. (C) Thorax of whole-body phantom. (D) Abdomen/pelvis of whole-body phantom. SECT: single-energy computed tomography; 
DECT: dual-energy computed tomography.

the need for separate HLUTs for SECT and DECT, the method can 
reduce the workload associated with establishing and maintain-
ing multiple HLUTs and minimize the risk of incorrect HLUT 
assignment during dose calculation.

Method 1 (standard 120 kVp, SECT) paired with a 71 keV VMI 
showed the best SECT–DECT agreement, with minimal RMSE 
values and negligible dose differences. These results align with 
Ohira et al. [18], who found a VMI at 77 keV had the lowest CT 
number differences relative to 120 kVp images, when using a 
single-source DECT scanner with rapid kilovolt peak switching 
from GE Medical Systems. It should be noted that HLUTs for 
standard reconstructions vary as a function of tube potential [6]. 
However in this study, Method 1 was limited to SECT acquired at 
a standard tube potential of 120 kVp. Other tube potentials are 
increasingly used in clinical SECT workflows due to the possibility 
of automatic tube potential selection in modern CT scanners 
[25]. For each SECT tube potential, a corresponding optimal 
DECT reconstruction must be identified, if using standard 
reconstructions.

Method 2 (DDm, SECT) combined with a DECT-based DDm 
(Sn140 kVp) also showed acceptable agreement. Minor 
deviations in denser regions did not result in clinically relevant 
dose differences, supporting its compatibility with a single 
HLUT. For Method 3 (DDe, SECT), although showing a low RMSE 
value of 6 HU in the HLUT comparison also showed dose 

deviations exceeding 2% of the prescribed dose in the pelvic 
region on the whole-body phantom, at the limit of the clinical 
acceptability threshold [26]. This likely reflects material 
discrepancies, as the phantom’s epoxy resin-based bones have 
densities (1.31 g/cm3 and 1.11 g/cm3) notably lower than real 
bone (up to 1.92 g/cm3) [27]. Also, the elemental composition of 
epoxy resin is not tissue-equivalent. Such mismatches may 
affect the accuracy of both DDe and RED imaging in different 
ways and increase discrepancies, due to their shared reliance on 
the assumption of tissue equivalence.

However, all methods produced clinically acceptable 
agreement for the head-and-neck phantom, which better 
mimics human tissues, including cortical bone at 1.91 g/cm3. 
The CT number scatter plot in Figure 5B shows deviation for CT 
numbers above ~800 HU (teeth), but this region was outside the 
Th10% volume, thus not affecting the Bland–Altman plot for the 
dose differences (Figure 6B). Deviations above 18 Gy are likely 
due to edge effects near the skull’s periphery.

For Method 3, the unrealistic material properties of the 
whole-body phantom is considered to be the dominant factor 
in the observed discrepancies between the SECT-based DDe 
and the DECT-based RED methods. This interpretation is 
supported by the good agreement obtained for the head-and-
neck phantom, which more closely resembles human tissue 
composition, and by the low RMSE in the HLUT comparison 



ACTA ONCOLOGICA  1085

performed on tissue-equivalent density inserts with respect to 
X-ray interactions in the Gammex phantom. These findings 
emphasize limitations of non-tissue-equivalent phantoms for 
validating quantitative imaging like DDe and RED, and suggest 
that the results for Method 3 in the whole-body phantom are 
unlikely to reflect the true clinical performance. This is consistent 
with the work of Zhu et al. [16], who showed that RED-based 
dose calculations from spectral CT were comparable to 
conventional CT across various regions.

Overall, this study supports the feasibility of integrating 
DECT into existing RT workflows using SECT-based HLUTs, 
without compromising the consistency of dose calculation 
relative to current clinical practice, provided that HLUTs are 
carefully selected and validated for the specific SECT 
acquisition settings (tube potential, filtration etc.) and 
reconstruction method used. The identified best-matching 
HLUTs in this study reflect realistic clinical imaging settings, 
making the approach readily implementable in practice. While 
Methods 2 and 3 (DDe and DDm) are specific to Siemens DECT 
implementations, Method 1 (VMI-based SECT approach) will 
be applicable across different DECT vendors and technologies, 
the optimal VMI energy may differ from the 71 keV identified in 
this study.

As a next step, this methodology should be tested on real 
patient data to assess its robustness in clinical variability, 
including differences in patient anatomy, positioning, and tissue 
composition. Patient-based validation will help determine 
whether the proposed unified HLUT strategy can maintain dose 
accuracy across diverse clinical scenarios. Future investigations 
should also consider the influence of contrast agents, metal 
implants, and image artifacts on HLUT matching and resulting 
dose distributions.
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