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INTRODUCTION

Abstract

A study has examined the characteristics of 3D printer materials of
HIPS and PLA. The study began by printing HIPS materials that
resembled breast organs and PLA materials that resembled breast
cancer nodules. Then it exposed them using a CT scan with voltage
variations of 80 kV, 100 kV, and 120 kV. The parameters studied were
compared with the reference breast organ. The results obtained at these
voltages obtained CT-number values sequentially (-85.14+0.25) ; (-
64.79+0.21) HU; (-55.08+0.18) HU values from the reference 35 to -94
HU, relative electron density values sequentially 0.915; 0.935; 0.945
with a reference value of 0.950, the density value of the material
obtained is (0.9214+0.002) g/, The EDG value is 3.24 x from ICRU
1989 was 3.33 x, The EDV value is (3.00 + 0.01) x from ICRU report
44 was 3.18 x 10, the value is 3.50 the value of ICRU data is 3.28, and
the effective dose values are respectively 2.53 mSv, 2.83 mSv, 3.20
mSv. Based on these characteristics, the results indicate that the breast
phantom matches the characteristics of the breast organ, allowing it to
be used to predict the presence of breast cancer, as it shares the same
characteristics. The results of exposure to the lung cancer nodule
phantom on the CT-Scan image of the 2 mm nodule size are not visible.
The results of this study can be used as a consideration for radiologists
when choosing a voltage based on the predicted size of the breast
cancer nodule.
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Cancer is one of the diseases with the highest mortality rate both in Indonesia and in the world.
Cancer is a non-communicable disease characterised by abnormal growth in human body tissue cells.
Cancer cells can develop and spread to other parts of the body and, in the worst conditions, can cause
death (Widyanengsih et al., 2023). Cancer can be caused by unhealthy lifestyles, infections,
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environmental conditions, genetic factors, and carcinogenic substances (Plummer et al., 2016; Spytska,
2025). The order of types of cancer with the highest number of new cases in Indonesia includes breast
cancer, cervical cancer, and lung cancer (Utami & Saptiari, 2020; Hermanto et al., 2023). One of the
cancers that is a priority in the world and Indonesia today is breast cancer (Rifda et al., 2023).
According to the Global Burden of Cancer (GLOBOCAN) data, in 2022, there were 66,271 new cases
of breast cancer (16.2%) of the total new cases of cancer in Indonesia, which was 408,661 cases
(Globocan, 2022).

One of the causes of late treatment of cancer patients is early detection. Most cancer patients do
not show early symptoms. Therefore, early detection of cancer is an effective way to diagnose it.
Radiodiagnostics has an important role in the early detection of cancer (Gusriani et al., 2023).
Radiodiagnostics is a diagnostic service that uses ionising radiation (X-rays). Radiodiagnostics is an
examination that produces images of the human body for diagnosis/diagnosis. Radiodiagnostic X-ray
machines include Computed Tomography Scan (CT-Scan), conventional radiography, and
mammography (Surahmi et al., 2023).

In radiology, both diagnostic radiology and radiotherapy, radiation safety standards must be
considered to obtain benefits with minimal harm for practitioners and patients. Therefore, the concept of
As Low As Reasonably Achievable (ALARA) is needed, which provides the minimum dose without
reducing the quality of the resulting image (Khoirot et al., 2023). Image quality is a measure of the
effectiveness of the diagnosis; this is because the quality of the image results can affect the accuracy of
the diagnosis (Anwar et al., 2023). Factors that affect the quality and quantity of X-ray irradiation in
producing radiographic image results are called exposure factors. There are three exposure factor
parameters, namely current (mA), tube voltage (kV), and exposure time (s) (Pratiwi et al., 2023; Pohan
et al, 2022).

Computed Tomography Scan (CT-Scan) is an important tool in radiodiagnostics. A CT scan
can diagnose tumours, cancer, sinusitis, and other conditions. CT- Scan is a radiography tool that uses
high X-ray exposure to produce images of organs or the internal body (Listiyani et al., 2021). The value
of the attenuation coefficient or attenuation of X-ray energy is called the CT number; the average of the
X-rays determines its value. The amount of attenuation is proportional to the size of the CT number
read by the detector. The unit of CT number is the Hounsfield Unit (HU), which is usually always
present on X-ray machines. The HU value is the unit of X-ray attenuation after passing through an
object that describes the difference in organs. In addition, the CT number also depends on the size of the
marker that marks the number of pixels to be assessed (ROI). The CT range ranges from (-) 1000 HU to
(+) 1000 HU. The CT number value for each tissue or organ in the human body is different, namely air -
1000 HU, liver 40-60 HU, kidney 30 HU, and bones 1000 HU (Cuong et al, 2018).

A phantom is used as an organ's simulation model to research image quality and the magnitude
of attenuation. A phantom is a replica of an organ or human body shape that represents various levels of
tissue complexity in the human body. Phantoms can be used to provide realistic information about the
human body. Phantoms are made to resemble the properties and characteristics of a tissue (Gomez &
Mourdo, 2022; Endra & Villaflor, 2024; Habibi et al., 2024). Radiodiagnostic phantoms validate and
verify surgical, diagnostic, and radiation oncology procedure guidelines (Hatamikia et al, 2022). 3D
printing is a type of additive manufacturing in which the material is arranged in layers with the help of a
computer to obtain a three-dimensional (3D) shape. This technology has often been used to make
phantoms. One of the advantages of using a 3D printer is that it is relatively quick to make and
inexpensive compared to conventional methods. The main material for 3D printing is a filament used as
a form filler. The type of filament that is often used for 3D printing includes polycarbonate, high impact
polystyrene (HIPS), polylactic acid (PLA), nylon, polyethene terephthalate glycol (PETG), acrylonitrile
butadiene styrene (ABS) (Riza et al., 2020).

A pulse-height spectroscopic technique accurately measured the linear attenuation coefficients
of breast tissue-simulating phantom materials from 18 to 100 keV (Byng et al.,1998). A 450 ml, 45%
dense breast phantom was fabricated and imaged, showing radiographic uniformity and clinically
realistic appearance, though minor air bubble artefacts were noted in the EBR material (Carton et al.,
2011). An interchangeable breast phantom with separate T1/T2 and diffusion units successfully
mimicked tissue relaxation and ADC values across MRI systems, enabling evaluation of imaging
performance and coil variability (Keenan et al.,2016). Identifying ABS, Hybrid, and PET-G as suitable
substitutes for adipose, glandular, and skin tissues for use in anatomically accurate 3D-printed breast
phantoms (Esposito et al., 2019). A patient-specific 3D-printed breast model was filled with silicone
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and peanut oils, closely matching the T1 relaxation times of fibroglandular and adipose tissues on 3T
MRI, enabling realistic MR imaging simulations (Sindi et al., 2020; Halimah et al, 2024; Jarnawi et al.,
2025). Evaluated 3D-printed breast phantoms and lesions using different materials and printing
methods, finding tomosynthesis images more realistic than 2D mammography, with future work
focused on improving tumour print quality and quantitative assessment (Dukov et al., 2021). Epoxy—
Carbopol composites with varying polymer concentrations showed attenuation and CT properties
similar to human breast tissue and Perspex, making them suitable candidates for breast phantom
materials (Marashdeh et al., 2023). Kunert et al. (2023) developed a breast phantom made of ABS and
PMMA. ABS material was used as a substitute for adipose tissue, and PMMA was used to make
glandular tissue. The breast phantom was printed with an infill density of 100%. The CT number
obtained was -30 + 10 HU. However, the ABS material experienced shrinkage during the cooling
process after printing (Yang et al., 2014). In 2023, Adnan studied 3D materials printing made of HIPS.
HIPS with 100% infill density and material thickness variation (2; 2.5; 3) cm have consecutive CT
number values (- -62.17; -54.06; -48.72) HU. The CT number value is based on the CT number range of
the breast organ, which is -35 HU to -94 HU (Yang et al., 2014).

He et al. (2019) use polyvinyl chloride (PVC) based materials and a 3D printing technique to
construct a breast phantom. Eight materials suitable for 3D printing were investigated for the optimal
representation of breast tissues, based on their attenuation and refractive characteristics (Malliori et al,
2020). Physical breast phantoms were printed in three components: PVA, ABS and Nylon filament
materials (Franco et al., 2019). Three breast phantom models were printed in multiple resins, VeroClear,
TangoPlus and Tissue Matrix (Ali et al., 2020). A breast phantom has been developed to evaluate the
dose to glandular tissue during mammography directly. The results showed PLA as the most suitable
3D printing material with a dose difference of about 2.4% (Lee et al., 2020). A highly accurate 3D-
printed breast surgical guide was developed and validated using a realistic MRI-based phantom,
enabling precise tumour localisation for breast-conserving surgery with a mean targeting error of
2.513+£0.914mm (Ock et al., 2021). Characterised over 100 tissue-mimicking breast phantom
samples, demonstrating their ability to replicate various breast tissues' dielectric and mechanical
properties across a wide frequency range for potential use in advanced breast cancer detection
techniques (Di Meo et al., 2022).

3D printed breast phantom from polypropylene compared with the anatomical structures and
associated attenuation characteristics (Schopphoven et al., 2019). Lee et al. (2021) fabricated breast
phantoms by emulating glandular and adipose tissues using a 3D printer. ABS, PLAwhite, PLAorange,
PET and NYLON used as adipose, glandular or skin tissue substitutes for manufacturing physical breast
phantoms to measure the monoenergetic x-ray linear attenuation coefficient (Mettivier et al., 2022). A
3D printed breast phantom mounted on a commercial thoracic phantom has been developed for end-to-
end testing of a novel radiotherapy technique. The phantom was validated by dose measurement and vy-
analysis, showing high agreement with dose deviation <2.6% and YAS > 87.3% (Delombaerde et al,
2020). Bellara et al (2024) determine the effective x-ray attenuation coefficient (peff) of 3D-printing
materials (PLA, ABS and HIPS). Using accessible materials and FDM 3D printing, to develop
anatomical breast phantoms—basic, differential, and elastographic—for medical education and skills
training in palpation, diagnosis, and tissue stiffness assessment (Leonov et al., 2023). An
anthropomorphic silicone breast phantom for ultrasound-based biopsy training has been developed; The
phantom exhibits good visual and tactile simulation with low production cost.(Grigorova et al., 2024).
This study developed gelatin-based breast phantom materials with varying hardness and concentrations,
identifying 20-25% gelatin samples as effective tissue mimics for young breast tissue in medical
imaging and quality assurance (Almalky et al., 2024). developing a 3D-printed anthropomorphic breast
phantom optimised for spectral photon-counting CT, using tailored imaging protocols and tissue-
mimicking materials to enhance multi-energy imaging and improve diagnostic accuracy (Katsikari et
al., 2024).

In 2024, Yunianto et al. conducted a test of 3D printing phantom materials, HIPS, Carbon,
PLA, Nylon, and Water Washable Resin and obtained the results. The results show that HIPS, Carbon,
PLA, and Nylon can be used as lung phantoms, while Water Washable Resin has the potential for bone
phantoms. Materials (TPU) and Polyethene Terephthalate Glycol (PETG) with variations in thickness
and porosity were also tested for the potential of phantom materials, where Samples made from TPU
and PETG are suitable for lung, muscle, soft tissue, and spongy bone (Yunianto et al., 2024). Yunianto
2025 has conducted research on EPC materials as kidney organ phantoms. The parameters studied
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include material density, CT number, electron density, effective atomic number, and radiation dose, as
well as determining the visibility of kidney cancer nodules on variations in CT-Scan exposure voltage,
which shows that EPC is suitable as a kidney phantom material (Rachmanto & Akande, 2024; Laksono
et al., 2025; Yunianto et al., 2025).

Based on previous research studies related to the use of 3D printer materials as phantom
materials for breasts and breast cancer nodules, not much has been done, even though finding materials
that have characteristics similar to breast tissue will make it easier for radiologists to analyse and predict
the presence of breast cancer. In studying phantom materials, several parameters are used: CT number,
dose, material density, relative electron density, effective electron density, electron density per volume,
and effective atomic number. The results of these parameters are then compared with references to see
the suitability of the characteristics of HIPS breast phantoms with breast organs. The expected goal of
this study reflects the fact that so far, in conducting exposure using CT scans on patients who are
indicated to have breast cancer, determining the voltage value is still not optimal or only given at the
same voltage value, so if it is not right in giving the voltage value, it can happen that the patient should
have breast cancer nodules because the exposure is given using a small voltage so that it is not visible in
the CT Scan image, with this study it is expected that the magnitude of the voltage value given to the
phantom with a certain predicted nodule size can be exposed to the breast phantom first before being
exposed to the patient,

The difference with previous studies is that the parameter used to compare with breast organs is
only one parameter, namely the CT number value Kunert et al., 2023), while this study uses seven
parameters, which can be done with several variations so that the optimal voltage value is obtained.
Only then is the voltage value given to the patient. The material used in this study is HIPS, with an infill
density of 100%. HIPS is a specific polystyrene because of its opacity and impact resistance, containing
15% to 25% polybutadiene. HIPS is a plastic material that is cheap, easy to produce, and easy to shape.
HIPS is widely used because it has glossy, satin or matte results. Apart from that, HIPS is also easily
pigmented or coloured (Bhilat et al., 2022).

The research was conducted using an experimental method; the research began with a review of
similar research, namely reviewing 3D printer materials used as phantom materials for breast organs
and lung cancer nodules. The research materials used were: HIPS filament as breast phantom material
and PLA filament as cancer nodule material. The tools used were a 3D printer to print the phantom, a
CT Scan to reveal the phantom, radiant software to determine the CT number value and INDOSECT
software to determine the dose that hit the phantom. In conducting a comparative analysis with breast
organ parameters, the parameters used were CT number value, Material density, Electron Density
Values ( N,), Effective electron density ( pe(gpg)) €lectron density per volume ( pe(gpr)) Effective

atomic number ( Zpr) And Effective Dose. The parameters resulting from this test are compared with

reference data based on ICRU Report 46 (ICRU, 1992), references from Phantom Gammex 467 and
previous studies. Overall, the research steps and stages in the analysis can be described as follows.

Phantom samples were printed with a 3D printer using the FDM technique. The material used
to print the samples was HIPS. In the first step, the breast phantom design in (.stl) format was opened
using FlashPrint software. The phantom design was cut into five parts to facilitate the cancer nodules'
printing process and placement.
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II

(a) (b)
Figure 1. Breast Phantom (a) Sample Design (b) HIPS Material Sample

The printing of phantom parts A, B, C, D, and E in Figure 1 was done individually. The printing
parameters were set using FlashPrint software and saved in (.gcode) format. The infill density was
100% for parts A, B, C, and E, and the infill density was 5% for part D. The samples were printed at a
temperature of 230 °C. °C. The files (.gcode) obtained were then saved on a memory card and entered
into the 3D printer. The 3D printer is turned on, and the HIPS filament is installed. The loading process
is carried out, and the phantom sample is printed. After five parts of the sample are printed, the cancer
nodule made of PLA material is placed in the cavity in sample part D. There are five sizes of cancer
nodules, namely 2 mm, 4 mm, 6 mm, 8 mm, and 10 mm. Then, samples of parts A, B, C, D, and E are
put together.

Breast Phantom Sample Density Value

Phantom samples were measured using Equation 1. The mass of the sample was weighed using
a digital scale. The volume of the sample was calculated by inserting the sample into a beaker filled
with distilled water and measuring the increase in volume. The mass and volume measurements of the
samples were each repeated five times.

<|3

(1)

Where p is the density of the material (g/ cm?), m is the mass of the material (g), and V is the
volume of the material ( cm?).

p:

Image Acquisition Using CT-Scan Machine

A scan aircraft radiology test was conducted to obtain a digital image of the breast phantom
sample, which was used to calculate the CT number, as shown in Figure 2. Before the radiology test
was conducted, the CT-scan aircraft specifications were recorded. The sample was placed on the
patient's table perpendicularly and parallel to the laser beam on the gantry. The breast phantom sample
was given a PLA cancer nodule phantom inside, with variations in phantom size. Nodules are 2 mm, 4
mm, 6 mm, 8§ mm, 10 mm. Irradiation was carried out three times with voltage variations of 80 kV, 100
kV, and 120 kV.

\

“eultmnfe"s

Figure 2. Sample irradiation with CT-Scan
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Determining CT Number Value

Digital image processing through the RadiAnt DICOM Viewer software obtains the CT number
value with the ROI technique. The DICOM file of the CT-Scan sample image is opened using the
RadiAnt DICOM Viewer software. The ellipse tool is selected to create an elliptical ROI. ROI is
performed at 9 points for the breast phantom image and 5 points for the breast cancer nodule image,
with a small uncertainty value and the same ellipse size.

Determining Relative Electron Density Values ( N.), Effective electron density ( p.pg)) , electron
density per volume ( p(ppy)) Effective atomic number ( Z.55) And Effective Dose.

Electron density measures the probability of electrons in a particular region (Gounhalli et al.,
2022). Mathematically, the electron density is as follows:

Ne=1,000 + 0,001 Ner  if Nep< 100 )
N,= 1.052 + 0.00048 Ny ,if Nep>100 .. (3)

Where N, is the relative electron density value, and Ngr is the CT number value (Guswantoro
et al., 2020). Effective electron density ( pe(gpg)) It is the number of electrons per unit mass or gram.
This electron density is calculated according to the elemental composition of the material. HIPS
material has a chemical formula of (CH,CH(CgHs)). pe(gps)The following equation can calculate EDG
(electrons/gram).

Wi Z;
A

Peepc)=Na i -4

Where N, is Avogadro's number, Wijis the fraction weight, Z; is the atomic number, and 4; is
the atomic mass. The fraction weight can be calculated using Equation 5 (Gounhalli et al., 2022).

_ _MiAi
W; Sini A .. (5
The magnitude of electron density per volume (" pogpy)) It is based on the density of the
material. The magnitude pegpyyor EDV is directly proportional to the density of the material. EDV

(electrons/ cm3) It can be calculated using Equation 6 (Martinez et al., 2012).
Pe(EDV)™ P X Pe(EDG) ... (6)

Where pe(EDV)is the electron density per volume, p,gpg)is the effective electron density and
p is the density of the material.

The effective atomic number describes the interaction of photons with the sample material. Zqg.
The sample depends on the weight fraction, atomic number, and atomic mass of the elements that make
up the sample material. The equation for the effective atomic number is shown in Equation 7.

WiZi
i A

Wi
Yig,

Zeff: .. (7)

Where Z .jis the effective atomic number, W ;is the weight fraction, 4 ;is the atomic mass, and
Z ;is the atomic number. The radiation dose is determined using a CT-Scan image and dose report from
the RadiAnt DICOM Viewer software. Some parameters used from the dose report are tube voltage
value (kV), tube current (mA), rotation time (s), pitch factor, and scan length.

RESULTS AND DISCUSSION

Breast Phantom Sample Density Value
The density value of the HIPS phantom material obtained in this study was (0.921 + 0.002) g/
cm3. The density of the breast organ based on ICRU Report 46 data (ICRU, 1992) is 0.950 g/. The
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difference in density of the breast cm3 phantom material with ICRU data is relatively small, namely
3.1%. Then, according to another reference, Miska et al. (2019) made a breast phantom by assuming
that the density of the breast is the same as the density of adipose tissue or fat, namely 0.920 g/ cm?3.
The difference in density of the breast phantom material with ICRU data is also relatively small, namely
0.1%. Thus, the HIPS breast phantom is appropriate or suitable based on the density value of the
material.

Breast phantom samples with phantom PLA material nodules were tested using a CT-scan
machine. The CT-Scan examination mode used was Head. It was carried out 3 times as exposure with
exposure voltage variations of 80 kV, 100 kV, and 120 kV, respectively, current variations of 687 mA,
393 mA, and 265 mA, and rotation time set to 1.0 s. The CT-scan examination results are in the form of
images in DICOM files. The DICOM image results are opened using RadiAnt DICOM Viewer software
to see the visibility of the nodule and CT number phantom, as in Figures 3,4 and 5. Based on the image
results at all exposure voltage variations, a 4 mm nodule was seen on the 152nd slice, 6 mm on the 71st
slice, 8 mm on the 111th slice, and 10 mm on the 90th slice. A 2 mm nodule was not seen at any
exposure voltage. Then, the CT value of the sample number was searched using the ROI technique,
which was carried out on the same slice, namely the 111th slice, at each voltage. ROI was carried out at
9 points and made uniform in size at each kV variation, which was 0.007246 cm?.

5c250b62-f74
Brain_Routine (At
Brain 1,00 Hr4(

Figure 4. ROI points of CT-Scan images of breast phantom samples at 100 kV exposure voltage.
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BrainLRo uti
Brain 1,00

Figure 5. ROI points of CT-Scan images of breast phantom samples at an exposure voltage of 120 kV.

Table 1. CT-Number data of breast phantom samples

Expos%r(eV \)/oltage CT(II\I{IIlJn)lber Uncertainty (HU)
80 -85.14 0.25
100 -64.79 0.21
120 -55.08 0.18

Based on Table 1, it can be seen that at exposure voltages of 80 kV, 100 kV, and 120 kV, the
CT number values are breast phantom, respectively, namely (-85.14 + 0.25) HU, (-64.79 + 0.21) HU,
and (-55.08 + 0.18) HU. Meanwhile, according to the reference, the CT number value of the breast
organ is -35 HU to -94 HU (Widyanengsih et al., 2023). This shows that the CT number value of the
HIPS breast phantom is according to the CT number value of the reference breast organ.

-55,08 - .

CT Number (HU)

-64,79 |

-85,14 n

80 90 100 110 120
Exposure voltage (kV)

Figure 6. Relationship between exposure voltage and CT number

In Figure 6, you can see that the relationship between changes in the CT number of the breast
phantom and changes in exposure voltage is directly proportional. The greater the exposure voltage, the
greater the CT number value. This is based on the results of research by Irsal et al. (2021), who
concluded that the CT number (HU) value increases with increasing exposure voltage (kV). In addition,
ROI was also performed on the PLA breast cancer nodule image. Elliptical ROI was performed at 5
points in 1 slice. ROI was made uniform in size at each kV variation, which was 0.003747 cm?All
nodule sizes. The ROI was performed on the 152nd slice for the 4 mm nodule, the 71st slice for the 6
mm nodule, the 111th slice for the 8 mm nodule, and the 90th slice for the 10 mm nodule.
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Based on Table 2, it can be seen that the CT number values of nodules measuring 4 mm, 6 mm,
8 mm, and 10 mm at an exposure voltage of 80 kV are respectively (137.20 + 2.56) HU, (132.90 + 1.35)
HU, (130.50 + 0.97) HU, and (131.10 + 0.91) HU. The CT_number values of nodules measuring 4 mm,
6 mm, 8§ mm, and 10 mm at an exposure voltage of 100 kV are respectively (141.40 + 2.05) HU,
(133.10 + 1.16) HU, (131.80 + 0.77) HU, and (128.87 + 0.76) HU. The CT number values of nodules
measuring 4 mm, 6 mm, 8 mm, and 10 mm at an exposure voltage of 120 kV were respectively (144.90
+ 1.21) HU, (134.77 + 1.02) HU, (132.90 + 0.65) HU, and (130.90 + 0.55) HU. Meanwhile, the CT
number values of breast cancer nodules, according to the reference, are 104.54 HU to 167.08 HU. This
shows that the CT number values of PLA breast cancer nodule phantoms are based on the CT number
values of the reference breast cancer nodules.

Table 2. CT-Number data of cancer nodule phantom samples of the breast

%{gﬁzgree Nodule Size Canc.er Ngdule CT Number Uncertainty
(mm) Visibility (HU)
(kV)
2 Not visible - -
4 Seen 137.20 2.56
80 6 Seen 132.90 1.35
8 Seen 130.50 0.97
10 Seen 128.90 0.91
2 Not visible - -
4 Seen 141.40 2.05
100 6 Seen 133.10 1.16
8 Seen 131.80 0.77
10 Seen 129.87 0.76
2 Not visible - -
4 Seen 144.90 1.21
120 6 Seen 134.77 1.02
8 Seen 132.90 0.65
10 Seen 130.90 0.55

Electron density of breast phantom sample

Table 3. Electron density of HIPS breast phantom samples.

Exposure Voltage Relative Electron Uncertainty
kV) Density
80 0.915 0.0003
100 0.935 0.0002
120 0.945 0.0002

Table 3 shows that at exposure voltages of 80 kV, 100 kV, and 120 kV, the relative electron
density values of the breast phantom are 0.915, 0.935, and 0.945, respectively. Meanwhile, according to
the reference, the relative electron density value of the breast organ is 0.96 (Gammex 467 Phantom).
This shows that the relative electron density values of the HIPS breast phantom at voltages of 80 kV,
100 kV, and 120 kV have differences with the reference of 4.7%, 2.6%, and 1.6%, respectively. The
difference in the relative electron density values of the HIPS breast phantom and the Gammex 467
phantom is relatively small. Hence, the HIPS breast phantom is suitable or appropriate based on its
relative electron density value.

Effective electron density (EDG) of breast phantom samples

The result of the EDG value calculation is 3.24 x1023 e~ /gr. Meanwhile, the EDG value of
breast organs based on ICRU data from 1989 and 1992 was 3.33 x10%3 e~ /gr. The difference in EDG
values of HIPS breast phantoms with ICRU 1989 and 1992 data is 0.09 x1023 e~ /gr or 2.7%. Olaosun
(2022) in his research stated that the EDG value of the breast organ is 3.29 x10%3 e~ /gr. The difference
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between the sample EDG value and that of Olaosun (2022) is 0.05 x10%3 e~ /gror 1.5%. This difference
value is relatively small, so based on the EDG value, the HIPS phantom is suitable or appropriate.

Electron density per volume of breast phantom sample

The EDV value of the calculated sample is ( 3.00 + 0.01) x102%3 e~ /cm3. Then, the EDV value
of the breast organ based on ICRU report 44 data is 3.18 x 1023 e~ /cm3. The difference between the
EDV value of the sample and the reference is cubed or x10%3 e~ /cm3or 5.7%. Meanwhile, the EDV
value of breast adipose tissue based on CIRS 062 is 3.17 x 1023 e~/cm3. The difference in EDV
values of CIRS 062 breast adipose tissue with the sample is cubed.1023 e~ /cm3or 5.4%. The EDV
value of the breast phantom sample is close to the EDV value of the breast organ from the reference, so
based on the EDV value, the HIPS phantom is suitable or appropriate.

Effective atomic number (Z o)

Calculated Zq¢r value is 3.50, while the value Z.¢ on ICRU data is 3.28. The difference between
the Zqgrsample value, and the reference is 0.22 or 6.7%. The Z.¢ sample value is quite close to the Zqgs
reference value. This shows that the HIPS breast phantom matches the adipose tissue of the breast

organ. So that the HIPS breast phantom sample is suitable or matches based on the effective atomic
number value, or Zqgf.

Radiation Dose

Radiation dose determination uses CT-scan images and RadiAnt DICOM Viewer software dose
reports. Some parameters used from the dose report are tube voltage (kV), tube current (mA), rotation
time (s), pitch factor, and scan length, as shown in Table 4.

Table 4. Parameters Used to Calculate CTDI,,,; and DLP

Tube Voltage Tube Current Rotation Time Pitch Factor Scan Length
(kV) (mA) (s) (cm)
80 378 1.00 0.55 36.095
100 216 1.00 0.55 36.095
120 146 1.00 0.55 36.095

Then, the CT-Scan image and several parameters in Table 4 are used to calculate CTDI, and
DLP using IndoseCT v20b software. Then, the results of the IndoseCT software are compared with the
values in the RadiAnt DICOM Viewer software. The results of the values CTDI,, and DLP from the
IndoseCT and RadiAnt DICOM Viewer software are shown in Table 5.

Table 5. Results CTDI,,; and DLP on IndoseCT and Radiant software

Tube Voltage ~ CTDI, g IndoseCT CTDI, o Radiant DLP DLP
kV) (mGy) (mGy) IndoseCT Radiant (mGy.
(mGy. cm) cm)
80 40.68 42.70 1468.28 1522.00
100 45.50 46.40 1642.33 1653.00
120 51.48 49.80 1858.20 1775.00

Based on Table 5, it can be seen that the subscript of the IndoseCT software at voltages of 80
kV, 100 kV, and 120 kV are, respectively, 40.68 mGy, 45.50 mGy, and 51.48 mGy. Meanwhile, the
values CTDI,, The RadiAnt software at 80 kV, 100 kV, and 120 kV, respectively, produces 42.70
mQGy, 46.40 mGy, and 49.80 mGy. Then, the DLP values of the IndoseCT software at voltages of 80
kV, 100 kV, and 120 kV are respectively 1468.28 mGy. cm, 1642.33 mGy. cm, and 1858.20 mGy. cm.
Meanwhile, the DLP values of the software RadiAnt at 80 kV, 100 kV, and 120 kV voltages were
1522.00 mGy. c¢cm, 1653.00 mGy. cm, and 1775.00 mGy. cm, respectively. The difference in values
CTDIy, and DLP from IndoseCT and RadiAnt is due to the limitations of the collimation input
parameters in the IndoseCT software. In the RadiAnt software dose report, the collimation value is 0.6
mm, but in the IndoseCT software, the collimation section does not have a collimation value option of
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0.6 mm. So, the input collimation parameters in the IndoseCT software were chosen as the closest,
namely 2 mm. This certainly greatly affects the results obtained.

Then, from the IndoseCT software, the effective diameter value ( Deg) Moreover, effective
doses are also searched. Dgs searched in the 111th slice for all variations of tube voltage using the
IndoseCT software in the diameter section with the auto method. The value obtained Dggfor tube
voltages of 80 kV, 100 kV, 120 kV is 5.63 cm. Dgg only takes into account the geometric size of the
object in the image, so that the size of the tube voltage does not affect the value Dggs.

The values CTDI,, and D.g are used to find the SSDE value and effective dose in the
IndoseCT software. SSDE describes the absorbed dose of the patient/object being irradiated. The
effective dose is a dose that is commonly used to estimate the risk of cancer from CT-scan examinations
in the future. The results of SSDE and effective dose are shown in Table 6.

Table 6. SSDE values and effective doses

Tube Voltage (kV) SSDE (mGy) Effective Dose (mSv)
80 61.33 2.53
100 68.61 2.83
120 77.60 3.20

Table 6 shows that the SSDE values at 80 kV, 100 kV, and 120 kV are 61.33 mGy, 68.61 mGy,
and 77.60 mGy, respectively. While the effective dose values at voltages of 80 kV, 100 kV, and 120 kV
are 2.53 mSv, 2.83 mSyv, and 3.20 mSv, respectively. Based on AAPM Report No. 096 of 2008, the
effective dose in chest CT-Scan is 5-7 mSv. This shows that the effective dose value of the breast
phantom sample is still within the range. From the data in Table 6, a graph of the relationship between
SSDE and effective dose with changes in tube voltage can be made, as shown in Figure 7.
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Figure 7. Relationship between exposure voltage and SSDE and effective dose.

From Figure 7, it can be seen that the relationship between SSDE and effective dose with tube
voltage is directly proportional. The greater the tube voltage value, the higher the SSDE and effective
dose values (Fiarka et al., 2023).

Table 7 shows that the previous research had different materials and several parameters from
the research conducted; this research has more parameters, namely seven parameters used, compared to
the previous research. In the research that has been conducted, 7 parameters of the test results of HIPS
materials have been obtained which have the potential as breast phantoms, from the 7 parameters have
been compared with the parameters obtained from the reference, the results obtained for each parameter
have almost the same value as the reference, with the error value has been submitted, so it can be
concluded that HIPS material can be used as a phantom material for breast organs, when compared with
previous studies that to compare phantom materials with organs only use 2 parameters, namely the CT
number value and also the density value so that the results of this study have advantages and are better
than previous studies, so that the implications of the results of this study have the potential to be
implemented as a radiology tool in conducting early detection of breast cancer by first making a mock-

Page | 934



Jurnal Ilmiah IImu Terapan Universitas Jambi

up of the patient's breast organ with a phantom material from HIPS and given breast cancer nodules of

various sizes to be exposed.

Table 7. Comparison of the results of phantom development research for the breast organ

Research Filament/methods Parameter
Yang et al. (2014) ABS CT-Number Value
He et al. (2019) PVC Computed Tomography (CT)
Attenuation
Doses
di Franco et al. (2019) PVA, ABS and Nylon
Image Quality Assessment
The Anatomical Structures
Schopphoven et al. (2019) Polypropylene Associated Attenuation

Malliori et al (2020)

Ali et al. (2020)
Lee et al. (2020)

Delombaerde et al. (2020)

Lee et al. (2021)

Mettivier et al. (2022)

Kunert et al. (2023)
Adnan et al. (2023)

Marashdeh et al. (2023)

Bellara et al. (2024)
Grigorova et al. (2024)

Almalky et al (2024)

This research

Thermoplastic and
photopolymer resins

Multiple resins, VeroClear,
TangoPlus and Tissue Matrix
PLA

PLA

Monte Carlo simulation

ABS, PLA white, PLA orange,
PET and NYLON
ABS and PMMA
HIPS

Epoxy—Carbopol composites

PLA, ABS and HIPS

soft and flexible silicone rubber

Gelatin

HIPS

Characteristics
Attenuation

Refractive Characteristics
Dose To Glandular Tissue

Doses
Doses Measurement

I'-Analysis
Bemulating Glandular

Adipose Tissues
Monoenergetic X-Ray Linear
Attenuation Coefficient
CT-Number Value
CT-Number Value
Attenuation

CT properties
Effective X-Ray Attenuation
Coefficient
Ultrasound-Based Biopsy
Material Density

Mechanical Properties
CT Number Value
Material Density
Electron Density Values
Effective Electron Density
Electron Density Per Volume
Effective Atomic Number
Effective Dose

The innovation that can be conveyed from this study is the number of parameters used, namely

seven parameters and the use of breast cancer nodules, where, to the researcher's knowledge, there has
been no research for breast cancer using breast cancer nodule phantoms to detect early breast cancer.
The limitation of the study conducted is the variation of the voltage used. Where the study could only
do three variations due to the limitations of the CT-Scan tool that we used; if it can be varied more than
three voltages, it will be analysed in more detail related to the radiation dose that hits the phantom
material and to find out the optimal size of cancer nodules that CT-Scan can detect. Recommendations
for further research are to conduct tests for other 3D printer materials with better parameters than the
parameters produced from HIPS materials, and to use CT-Scans with more voltage variations.

Page | 935



Jurnal IImiah IImu Terapan Universitas Jambi

CONCLUSION

Based on the parameters of material density, CT number, relative electron density, effective
electron density (EDG), electron density per volume (EDV), effective atomic number ( Zqg)When
comparing radiation dose with the reference, it can be concluded that the characteristics of the HIPS
breast phantom are similar to those of the breast organ so that the HIPS material can be used as a breast
phantom material. Nodules with diameters of 4 mm, 6 mm, 8 mm, and 10 mm are visible on CT-scan
images with exposure voltage parameters of 80 kV, 100 kV, and 120 kV. While nodules with a diameter
of 2 mm are not visible on CT-Scan images with exposure voltage parameters of 80 kV, 100 kV, and
120 kV, in the implementation of breast cancer exposure, nodules measuring less than 2 mm are not
visible and it is recommended to use an exposure voltage of more than 120 kV to estimate the size of
small nodules. The research that has been conducted previously only focused on the CT number value
and dose value parameters. In contrast, this research uses seven parameters, which are expected to
enable subsequent research to conduct studies on other materials or other organs using the parameters
used in this research.
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